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Intra- and inter-specific variations in some isoenzymes
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The level of genetic differentiation among Lethrinus species was revealed by using the electrophoresis
techniques.Three isoenzymes (LDH, G6PDH and Esterases) and the general proteins (eye-lens nucleus
and muscles proteins) were studied. The isoenzyme-electrophoretic results revealed that, LDHisoenzyme patterns were found to be controlled by two loci: A, B for muscles and heart, while in the
liver, in addition to gene loci A and B, a third locus C was detected and migrated toward the cathode.The
muscle G6PDH isoenzyme patterns were explained to be influenced by 4 loci (A, B, C & D). However, the
heart ones were encoded only by 2 loci (B&D). No ontogenetic variations in the esterase isoenzyme
patterns of Lethrinus species were detected through the rang of length considered. The esterase
molecules were presumed to be monomers and were coded by 3 loci (A, B and C); all these loci are
common between muscles and heart.In the present work polymorphism or heterogeneity was detected
in eye-lens nucleus protein patterns of Lethrinus species. Such protein heterogeneity was expressed in
four zones which can be explained by four genetic loci namely: EL-1, EL-2, EL-3 and EL-4. The present
investigation revealed that polymorphism in muscle protein patterns was recorded only in L. mahsena
and was lacking in L. borbonicus and L. nebulosus. The relatively genetic distances between L.
borbonicus, L. mahsena and L. nebulosus were estemated and the relative times of divergence between
Lethrinus species were estimated to be: 2,572,819 years for L. borbonicus and L. mahsena; 2,341,406
years for L. borbonicus and L. nebulosus; 3,105,669 years for L.
mahsena and L. nebulosus.
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INTRODUCTION
Recently, there has been an ample evidence of enzymatic
*Corresponding Author’s: Email: iaa_mekkawy@yahoo.co.uk

heterogeneity by using electrophoretic techniques (Lee and
Chao, 1990; Menezes et al., 1990; Bodaly et al., 1991;
Bohlmeyer and Gold, 1991; Yoakim et al., 1993b; Gold et
al., 1994; Jerry, 1997; Wolter, 1999; Mekkawy et al.,
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2000a; Rashid et al., 2012; Ivanova et al., 2013; Rashid
and Kamruzzaman, 2013). Many of these investigations
dealt with Esterase (EST: 3.1.1.-), Glucose-6-phosphate
dehydrogenase (G6PDH: EC. l.l.l.49) and Lactate
dehydrogenase (LDH: EC. l.l.l.27) isoenzyme patterns of
various tissue extracts and their relationship to the
multiple genes responsible for their evolution.
Studies of general species-specific protein systems have
often proven useful in elucidating taxonomic relationships
(Mackie and Ritchie, 1981; McKaye et al., 1982; Mekkawy
and Mahmoud, 1992; Yoakim et al., 1993a; El-Serafy,
1994; Busse et al., 1999; Kiss and Cheng, 2008; Weadick
and Chang, 2009; Ahmad et al., 2012; Ivanova et al.,
2013). The electrophoretic patterns of eye lens proteins
were found helpful in taxonomic and biochemical genetic
studies. Also, eye lens tissue from different fishes was
found to be an important source of polymorphic proteins
(Smith, 1983; Ramaseshaiah and Dutt, 1984; Mekkawy
and Mahmoud, 1992; Yoakim et al., 1993a; Mekkawy et
al., 2000b; Kiss and Cheng, 2008; Weadick and Chang,
2009). The electrophoretic patterns of the muscle proteins
were found to be of taxonomic value for fishes including
those investigated by Van Rompaey et al. (1988), Lee and
Chao (1990), Basaglia and Marchetti (1991), Mekkawy
and Mahmoud (1992), Yoakim et al. (1993a), Mekkawy et
al. (2000b), Gaikwad et al.(2012) and Chakravarty et al.
(2014).
Accordingly, the present work aimed at identifying the
electrophoretic
patterns
of
esterases,
lactate
dehydrogenases and glucose-6-phosphate dehyrogenases
of the liver, muscle and heart of lethrinid species, Lethrinus
borbonicus, Lethrinus mahsena and Lethrinus nebulosus in
terms of genetics. Also, the patterns of general proteins of
eye-lens nucleus and muscles of these species were
studied. On the bases of these electrophoretic patterns,
interspecific relationships between Lethrinus species were
estimated and compared with those revealed by scale
morphometrics, scale morphology (Mahmoud et al., 2005)
and body morphometrics of the same species considered
by Harabawy (2002).
MATERIAL AND METHODS
Specimen collection:
In the present study, 71 live specimens of the three
Lethrinus species were considered: 23 specimens of L.
borbonicus (150 - 240 mm in standard length "SL"), 24
specimens of L. mahsena (230 – 390 mm in SL), and 24
specimens of L. nebulosus ( 268 – 390 mm in SL) were
collected from the Red Sea at Hurghada, Egypt; during the
period September 1997-April 1998. For each fish, the
standard length (SL) was measured in millimeters and the
body weight (W) was recorded in grams.

Electrophoresis:
Muscle samples (at a level below the dorsal fin), liver and
the heart were taken immediately from each fresh
specimen on the boat, stored in liquid nitrogen, transported
and stored at -80 ˚C in a deep-freezer for few days
before electrophoresis.
Adopting the method used by Partington and Mills
(1988), muscle and heart (in one and half time the volume
of distilled water) and liver (in an equal volume of distilled
water) samples were homogenized by hand, using a glass
rod. The homogenates were centrifuged under cooling (- 4
ºC) at 12000 rpm for l5 minutes. The extractions were
electrophoresed according to the procedures mentioned in
Helena Laboratories Publications (HLPs, 1984b,a,1985) for
detection of LDH and G-6-PDH using cellulose acetate
plates. The electrophoretic horizontal starch methods of
(Nyman, 1965; Pasteur et al., 1988; Lee and Chao, 1990)
were adjusted and used for detection of muscle and heart
esterases.
The genetic interpretation of the detected electrophoretic
patterns was based on the structural nature of the enzyme
and the isoenzyme activity in terms of band intensity.
Allelic frequencies were estimated by gene counting since
all protein variants observed in this study were found to
reflect products coded by codominant Mendelian alleles.
Observed
(Hobs)
and
expected
(Hexp)
mean
heterozygozities, expected genotypes, genetic identity (I),
genetic distance (D) and time of divergence were
calculated according to Ferguson (1980) and Nei
(1972,1978) using BIOSYS-1 (Swofford and Selander,
1989) . As recommended by the latter author, the genetic
equilibrium of
the polymorphic loci was investigated
according to Hardy-Weinberg law, using chi-square test
2
(SPSS, 1998) with degree of freedom of l/2(n -n) where n
is the number of alleles (a locus was considered to be
variable if more than one allele was detected). It was
considered to be polymorphic if the most common allele
had a frequency of less than 0.95).
The genetic distance matrix and the Euclidian distance
matrix based on presence-absence criterion of the
isoenzyme patterns of Lethrinus species was subjected to
cluster analysis.
The eye lenses were picked out from each fish specimen
and the muscles (raw flesh) at a level below the dorsal fin
of each specimen were taken, stored in liquid nitrogen,
transported and stored at − 80 ˚C in a deep freezer in the
laboratory. The eye lens nuclei were separated and
homogenized with a volume of 0.0l8% NaCl solution equal
to seven times the weight of these lens nuclei; this
procedure was recommended by Smith (1968) for the
extraction of all classes of proteins that are not affected by
blood supply fluctuations. The lens-nuclei were extracted
overnight at 5 ˚C and centrifuged at 3600 rpm for l0
minutes. The supernatant fluid of each sample was
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collected in a vial and used directly for electrophoresis.
Muscles (5 g of raw flesh ) was taken, as recommended
by Partington and Mills (l988), this raw flesh was
homogenized by hand in an equal volume of electra HR
buffer (pH 8.8, ionic strength 0.05). After centrifugation at
12000 rpm for l5 minutes at − 4 ˚C, the supernatant
solution
was
removed
and
used
directly for
electrophoresis.The eye-lens nucleus and muscle proteins
were electrophoresed according to the procedure
mentioned in Helena Laboratories Publications (HLPs,
1984b,a) and Yoakim et al. (1993a). In such a procedure,
Titan III cellulose acetate plates, electra HR buffer and
Ponceau S stain were used.
RESULTS
Isoenzymes
In the present work, three enzyme systems (Esterases,
LDH and G6PDH) were resolved and founded to be coded
by 11 gene loci .
Esterase isoenzymes:
In muscles of the three Lethrinus species studied, four
esterase isoenzyme patterns (Figures 1-2) were detected
differentially by species considered; pattern 1 in L.
borbonicus, patterns 2 and 3 in L. mahsena and pattern 4
in L. nebulosus. The type of muscle esterase isoenzymes
varied in its concentration in the same pattern. The number
of muscle-esterase isoenzymes was 2 or 3 in the patterns
detected. Also, muscle-esterase isoenzymes were found to
be controlled by three gene loci (A, B and C) in L.
borbonicus, and L. mahsena while in L. nebulosus it was
controlled by only two loci (B and C).
In the heart tissues of the three Lethrinus species
studied, eight esterase isoenzyme patterns (Figures 3-4)
were identified. The phenotypic and genotypic
interpretation of the esterase isoenzyme patterns were
given in Figures 1 and 3. These patterns revealed speciesspecific isoenzymes; patterns 1-4 were specific for L.
borbonicus, whereas patterns 5, 6 and 8 were specific for
L. mahsena, and pattern 7 was recorded in both L.
mahsena and L. nebulosus. The heart esterase
isoenzymes varied among patterns and ranged between
one to two isoenzymes which were controlled by one locus
(C) in L. borbonicus and two or three loci in L. mahsena
and L. nebulosus. The muscles and heart esterase
isoenzymes were differentially controlled by the same 3
loci among the three species considered (A, B and C).
G6PDH isoenzymes
In muscles of the three Lethrinus species studied six
patterns of G6PDH isoenzymes were detected (Figures 5-6).

These patterns are species-specific. Patterns 1 and 2
were specific for L. nebulosus and L. mahsena respectively
whereas, patterns 3-6 were specific for L. borbonicus. The
number of pattern-isoenzymes ranged between 1 and 4
(with variations in the number of allozymes belonging to
each locus). Also, variations in their intensities and
mobilities were detected. The muscle G6PDH isoenzyme
patterns were explained to be influenced by 5 loci (A, B, C,
D and E). The phenotypic and genotypic interpretations of
muscle G6PDH isoenzyme patterns were given in Figure 6.
In the liver of the three Lethrinus species studied, ten
G6PDH isoenzyme patterns were detected (Figures 7-8).
Pattern 1 - 8 were recorded in L. borbonicus, pattern 6, 7
and 9 were recorded in L. mahsena, and patterns 6, 7, 8, 9
and 10 were recorded in L. nebulosus. The number of
pattern-isoenzymes ranged between 1 and 3 with
variations in their intensities, mobilities and number of
allozymes belonging to each locus. Some of such patterns
(patterns 1–5 and 10) were species-specific and others
exhibited mixed distribution among species (patterns 6, 7,
8 and 9). The liver G6PDH isoenzyme patterns were
explained to be influenced by 3 loci (B, D and E). The
phenotypic and genotypic interpretation of liver G6PDH
isoenzyme patterns was given in Figure 7.
In the heart of the three Lethrinus species studied, four
species-specific G6PDH isoenzyme patterns were
identified (Figures 9-10). L. borbonicus was characterized
by pattern 1. Patterns 2 and 3 were specific for L.
mahsena, whereas pattern 4 was specific for L. nebulosus.
The pattern-isoenzymes ranged from 1 to 2 exhibiting
variations in their concentration and mobilities. The heart
G6PDH patterns were controlled genetically by 2 loci (B
and D). The phenotypic and genotypic interpretation was
given in Figure 9. No ontogenetic variations were recorded
in the size range considered.
LDH isoenzymes
Eight LDH isoenzyme patterns were detected in the liver of
the three Lethrinus species considered (Figures 11-12).
The number of pattern-isoenzymes ranged between 1 and
3. Patterns 1 - 6 were recorded in L. borbonicus, Patterns
3, 4 and 6 were recorded in L. mahsena and patterns 2, 4,
7 and 8 were recorded in L. nebulosus. The patterns were
species-specific except patterns 2, 3, 4 and 6 which
recorded mixed distribution between the three species
studied. Liver-LDH isoenzyme patterns were controlled by
three autosomal loci (A, B and C) exhibiting variations in
their concentration and mobilities. Figure 11 shows the
phenotypic and genotypic interpretations of LDH
isoenzymes patterns recorded in the liver.
Seven LDH isoenzyme patterns were detected in the
heart (patterns 1-3) and muscles (patterns 4-7) of the three
Lethrinus species considered (Figures 13-14). Patterns 1 and
4 were specific for L. borbonicus, patterns 2, 5 and 6 were
recorded in L. mahsena and patterns 3, 6 and 7 were
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Figure 1: Muscle-Esterase isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt;
L. borbonicus pattern: 1; L. mahesna patterns: 2&3; L.nebulosus patterns: 4.

Figure 2: Photographs of Muscle-Esterase isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus pattern: 1;
L. mahesna patterns: 2&3; L.nebulosus patterns: 4.
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Figure 3: Heart-Esterase isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus patterns: 1-4; L. mahesna patterns: 5-8; L.nebulosus patterns: 7.

Figure 4: Photographs of Heart-Esterase isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns: 14; L. mahesna patterns: 5-8; L.nebulosus patterns: 7.
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Figure 5: Muscle-G6PDH isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus patterns: 3-6; L. mahesna pattern: 2; L.nebulosus pattern: 1.

Figure 6: Photographs of Muscle-G6PDH isoenzyme patterns) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns:
3-6; L. mahesna pattern: 2; L.nebulosus pattern: 1.
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Figure 7: Liver-G6PDH isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus patterns: 1-8; L. mahesna pattern: 6,7&9; L.nebulosus pattern: 6-10.

Figure 8: Photographs of Liver-G6PDH isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns: 18; L. mahesna pattern: 6,7&9; L.nebulosus pattern: 6-10.
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Figure 9: Heart-G6PDH isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus pattern: 1; L. mahesna patterns: 2&3; L.nebulosus pattern: 4.

Figure 10: Photographs of Heart-G6PDH isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus pattern: 1;
L. mahesna patterns: 2&3; L.nebulosus pattern: 4.
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Figure 11: Liver-LDH isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus patterns: 1-6; L. mahesna patterns: 3,4&6; L.nebulosus patterns: 2,4,7&8.

Figure 12: Photographs of Liver-LDH isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns: 1-6;
L. mahesna patterns: 3,4&6; L.nebulosus patterns: 2,4,7&8.

recorded in L. nebulosus. The patterns were speciesspecific except pattern 6 that was recorded in both L.
mahsena and L. nebulosus. LDH isoenzyme patterns in the
muscles and the heart were controlled by two loci (A and
B). Figure 13 shows the phenotypic and genotypic

interpretations of LDH isoenzymes patterns recorded in the
heart and the muscle.
Gene loci, allele frequencies, observed and expected
heterozygosity are given in Table 1. No ontogenetic
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Figure 13: Heart- and Muscle-LDH isoenzyme patterns (above) and their interpretation (below) of three Lethrinus species from the Red Sea, at Hurghada,
Egypt; L. borbonicus patterns: 1&4; L. mahesna patterns: 2,5&6; L.nebulosus patterns: 3.6&7.

Table 1: Allele frequencies of different gene loci influencing isoenzyme patterns
detected in the heart, muscles and liver of L. borbonicus, L. mahsena & L. nebulosus
from the Red Sea, Hurghada, Egypt, observed (Hobs) and expected (calculated)
(Hexp) mean heterozygosity and (N) represents the number of individuals examined.

Locus

Allele

EST-A

A1
A2

L.borbonicus
N
(23)

A3
A4

Frequency
0.50
0.00

L. mahsena
N
(24)

0.50
0.00

Frequency
0.00
0.50

L.nebulosus
N
(0)

0.00
0.50

Frequency
0.00
0.00
0.00
0.00

EST-B

B1
B2

(23)

1.00
0.00

(24)

0.00
1.00

(24)

1.00
0.00

EST-C

C1
C2

(19)

0.00
0.73

(19)

0.84
0.16

(24)

0.50
0.00

G6PDH-A

C3
C4

0.11
0.11

0.00
0.00

0.50
0.00

C5
A1

0.05
0.00

0.00
0.00

0.00
0.50

(0)

A2
A3
G6PD-B

B1
B2
B3

(24)

0.00
0.00
(60)

0.56
0.23
0.05

(24)

0.00
1.00
(67)

0.18
0.18
0.00

0.50
0.00
(42)

0.29
0.31
0.00
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B4

0.13

0.26

0.17

B5
B6

0.03
0.00

0.08
0.30

0.24
0.00

G6PD-C

G6PD-C (23)

1.00

(24)

1.00

(24)

1.00

G6PD-D

D1
D2

(45)

0.44
0.05

(47)

0.49
0.00

(48)

0.75
0.25

D3

0.51

0.51

0.00

G6PD-E

E

(1)

1.00

(6)

1.00

(1)

1.00

LDH-A

A1
A2

(44)

0.34
0.52

(66)

0.28
0.36

(44)

0.45
0.00

A3
A4
LDH-B

B1

0.14
0.00
(61)

B2
B3
C

(66)

0.38
0.00

B4
LDH-C

0.25

0.00
0.36

1.00

(43)

0.36
0.36

0.37
(2)

0.28

0.00
0.55
0.00
0.56

0.00
(4)

1.00

0.44

0.00
(0)

0.00

Hexp
SE

0.3953
0.1036

0.3059
0.0961

0.4633
0.1089

Hobs

0.3136

0.3053

0.4610

SE

0.1388

0.1383

0.1426

Table 2: Estimates of mean genetic identity (I) above diagonal and mean
genetic distance (D) below diagonal calculated among three Lethrinus species
from the Red Sea, Hurghada, Egypt, based on polymorphic and monomorphic
loci detected in their heart, liver and muscles.

Genetic identity
L. borbonicus

L. mahsena

L. nebulosus

L. borbonicus

-------

0.597761

0.626077

L. mahsena

0.514564

-------

0.537335

L. nebulosus

0.468281

0.621134

-------

Genetic distance

variations in the three enzyme systems studied were
recorded in the size range considered. The mean genetic
identity and the genetic distance between Lethrinus
species were estimated including polymorphic loci (Table
2) and the interrelationships between Lethrinus species on
the bases of genetic distance were given in terms of cluster
analysis (Figure 15). In this figure, L. borbonicus clustered
with L. nebulosus in one group, while L. mahsena forms a

separate group. The relative times of divergence between
Lethrinus species were estimated to be: 2,572,819 years for L. borbonicus and L. mahsena
2,341,406 years for L. borbonicus and L. nebulosus
3,105,669 years for L. mahsena and L. nebulosus
These results revealed that L. borbonicus is more closely
related to L. nebulosus than L. mahsena, while L. mahsena
and L. nebulosus were much longer separated. Tables 3-5
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Table 3: Observed and expected frequencies of different genotypes for
polymorphic loci in Lethrinus borbonicus from the Red Sea, Hurghada,
Egypt, and chi-square test for deviation from Hardy-Weinberg equilibrium.

Locus

Genotype

Observed
frequency

Expected
frequency

EST-A

A1A1
A3A3

0
0

5.75
5.75

A1A3
C2C2

23
14

11.5
10.13

C3C3
C4C4

2
2

0.23
0.23

C5C5
C2C3

1
0

0.05
3.05

C2C4
C2C5

0
0

3.05
1.39

C3C4
C3C5

0
0

0.46
0.21

C4C5
B1B1

0
23

0.21
18.6

B2B2
B3B3

0
0

3.2
0.2

B4B4
B5B5

8
2

1.1
0.1

B1B2
B1B3

21
0

15.5
3.3

B1B4
B1B5

0
0

8.8
2.2

B2B3
B2B4

6
0

1.4
3.6

B2B5
B3B4

0
0

0.9
0.8

B3B5
B4B5

0
0

0.2
0.5

D1D1
D2D2

20
2

8.7
0.1

D3D3
D1D2

23
0

11.7
2

D1D3
D2D3

0
0

20.2
2.3

A1A1
A2A2

15
23

5.1
11.9

A3A3
A1A2

6
0

0.9
15.6

A1A3
A2A3

0
0

4.2
6.4

EST-C

G6PD-B

G6PD-D

LDH-A

χ

2

df

P

23

1

< 0.01

55.14

6

< 0.01

121.19

10

< 0.01

86.19

3

< 0.01

84.67

3

< 0.01
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Table 3: Continue

LDH-B

B1B1

15

3.9

B2B2
B4B4

23
23

8.7
8.3

B1B2
B1B4

0
0

11.7
11.4

B2B4

0

17

121.23

3

< 0.01

χ

2

df

P

24

1

< 0.01

18.1

1

< 0.01

Table 4: Observed and expected frequencies of different genotypes for
polymorphic loci in Lethrinus mahsena from the Red Sea, Hurghada,
Egypt, and chi-square test for deviation from Hardy-Weinberg equilibrium.

Locus

Genotype

Observed
frequency

Expected
frequency

EST-A

A2A2
A4A4

0
0

6
6

A2A4
C1C1

24
16

12
13.4

C2C2
C1C2

3
0

0.5
5.1

B1B1
B2B2

0
0

2.2
2.2

B4B4
B5B5

18
5

4.5
0.4

B6B6
B1B2

20
24

6
4.3

B1B4
B1B5

0
0

6.3
1.9

B1B6
B2B4

0
0

7.2
6.3

B2B5
B2B6

0
0

1.9
7.2

B4B5
B4B6

0
0

2.8
10.5

B5B6
D1D1

0
23

3.2
11.3

D3D3
D1D3

24
0

12.2
23.5

A1A1
A2A2

18
24

5.2
8.6

A4A4
A1A2

24
0

8.6
13.3

A1A4
A2A4

0
0

13.3
17.1

EST-C

G6PD-B

G6PD-D

LDH-A

268.02 10

< 0.01

47

1

< 0.01

130.4

3

< 0.01
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Table 4: Continue

LDH-B

B1B1

18

5.2

B2B2
B3B3

24
24

8.6
8.6

B1B2
B1B3
B2B3

0
0
0

13.3
13.3
17.1

130.4

3

< 0.01

Table 5: Observed and expected frequencies of different genotypes for
polymorphic loci in Lethrinus nebulosus from the Red Sea, Hurghada,
Egypt, and chi-square test for deviation from Hardy-Weinberg equilibrium.

Locus
EST-C

G6PD-A

G6PD-B

G6PD-D

LDH-A

LDH-B

Genotype

Observed

Expected

frequency

frequency

C1C1

0

6

C3C3
C1C3

0
24

6
12

A1A1
A2A2

0
0

6
6

A1A2
B1B1

24
0

12
3.53

B2B2
B4B4

1
7

4.04
1.21

B5B5
B1B2

10
24

2.42
7.55

B1B4
B1B5

0
0

4.14
5.85

B2B4
B2B5

0
0

0.05
6.25

B4B5
D1D1

0
24

3.43
27

D2D2
D1D2

0
24

3
18
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Figure 14: Photographs of Heart- and Muscle-LDH isoenzyme patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus
patterns: 1&4; L. mahesna patterns: 2,5&6; L.nebulosus patterns: 3.6&7.

Figure 15: Clustering (Single Linkage, genetic distance) of three Lethrinus species from the Red Sea, at Hurghada, Egypt based on allele frequiencies of
11 gene loci of three enzyme systems: Esterases, LDH and G6PHD.

show the observed and expected frequencies of different
genotypes for polymorphic loci of Lethrinus species
studied. From such table, one can figure out that all
genotypes of polymorphic loci deviated significantly from
Hardy-Weinberg equilibrium (P<0.01).
General protein
Eye-lens nucleus protein electrophoresis:
Results of electrophoresis of eye-lens nucleus proteins of
the three Lethrinus species considered are given in Figures

16-17. Fourteen patterns of eye-lens nucleus proteins were
identified in the species studied. Five different patterns
were identified in L. borbonicus (1-5) with percentage of
13, 8.7, 8.7, 30.4 and 39.1% respectively (Figure 16 and
17). Also, five different patterns (6-10) were recorded in L.
mahsens with percentage of 4.2, 8.3, 37.5, 29.2 and 20.8%
respectively (Figure 16-17). In L. nebulosus only four eyelens nucleus protein patterns (11-14) were recorded with
percentage of 8.3, 16.7, 50 and 25% respectively (Fig. 1617).
The pattern of banding in eye-lens nucleus proteins of
the three Lethrinus species considered showed four zones
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Figure 16: Diagrammatic eye lens nucleus protein patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns: 1-5;
L. mahesna patterns: 6-10; L.nebulosus patterns: 11-14.

Figure 17: Photographs of eye lens nucleus protein patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L. borbonicus patterns: 15; L. mahesna patterns: 6-10; L.nebulosus patterns: 11-14.

which can be explained by four genetic loci namely: EL-1,
EL-2, EL-3 and EL-4; each has three alleles except EL-3
that has only two alleles (Fiure. 16). Such alleles showed
variations among species reflecting the interspecific
variations. Each of the alleles of EL-1 & EL-2 loci controlled
three and two bands respectively. The number of bands
nucleus protein patterns of Lethrinus species considered
varied intraspecifically in number, mobility and
concentration of bands, interspecific difference was
evident. Also, the results revealed that fish size had no
impact on such patterns of the three species studied.
Muscle protein electrophoresis:
Results of electrophoresis of muscle proteins of the three
Lethrinus species considered are given in Figure 18. Four
different patterns of muscle proteins were identified in the
species studied. Pattern 1 (100%) was recorded in all

recorded in all eye-lens protein patterns was 7 bands
except patterns 1 & 2 in L. borbonicus which comprised 6
bands. It is noted that all bands migrated toward the
anode. Polymorphism or heterogeneity in eye lens nucleus
proteins was revealed in the three Lethrinus species under
investigation. Figures 16-17 show that although eye-lens
individuals of L. borbonicus. In L. mahsena, patterns 2
(12.5%) and 3 (87.5%) were recorded, while pattern 4
(100) was revealed in all individuals of L. nebulosus.
Comparing with eye-lens nucleus proteins, intra-specific
variations and polymorphism were lacking in muscle
protein patterns of L. borbonicus and L. nebulosus
whereas such variation were revealed in muscle protein
patterns of L. mahsena. Four-banded patterns of muscle
proteins occurred in 100%, 87.5% of the specimens of L.
borbonicus and L. mahsena respectively; while 12.5% of
L. mahsena and 100% of L. nebulosus had three-banded
patterns. The differences among muscle protein patterns of
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A

B

Figure 18: Photographs (A) and diagrammatic (B) of muscle protein patterns of three Lethrinus species from the Red Sea, at Hurghada, Egypt; L.
borbonicus pattern: 1; L. mahesna patterns: 2-3; L.nebulosus pattern: 4.

Figure 19: Clustering (Average Linkage) of three Lethrinus species from the Red Sea, at Hurghada, Egypt based on presence-absence criterion of the
enzyme and general protein patterns detected by electrophoresis.
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the three species studied were indicated by the
electrophoretic mobilities, number and concentration of
their bands (Figure 18). No association between such
patterns and fish size was statistically observed. In all
muscle protein patterns of the species considered, the 3rd
bands had the highest concentration. Inter-specific
differences and intra-specific variations (in L. mahsena)
were evident.
The interspecific differences recorded in isoenzymes
(Esterases, LDH & G6PDH) and general proteins (eye-lens
& muscle proteins) of the three Lethrinus species studied
were evaluated in terms of cluster analysis according to
presence-absence criterion of isoenzymes patterns only,
general proteins patterns only and both isoenzyme and
general protein patterns. In the three cases, the same
clustering was revealed. The main cluster includes two
subclusters (Figure 19): L. borbonicus separated in one
group while L. mahsena and L. nebulosus are grouped
together in the other group.
DISCUSSION
The level of genetic differentiation among taxa and/or
populations was determined for few marine fishes including
those investigated by Yamaoka et al. (1989), Menezes et
al. (1990) and Mekkawy et al. (2000a) and for many
freshwater fishes including those investigated by Avise et
al. (1977), Avise and
Felley (1979), Mekkawy and
Mahmoud (1992), Takai and Ojima (1990), Yoakim et al.
(1993a) and Wolter (1999).
The number of LDH gene loci and their differential tissue
expression was highly predictable over large taxonomic
fish groups (Yoakim et al., 1993b; Mekkawy et al., 2000a;
El-alfy et al., 2008; Silva et al., 2008; Ivanova et al., 2013).
According to Markert et al. (1975) and Whitt (1970), nearly
all bony fishes surveyed had three distinct LDH loci: A, B
and C. Whitt (1970,1975)came to the conclusion that most
species of advanced teleosts expressed the C
homopolymer as a highly anodal isoenzyme restricted to
the eye. By contrast, many gadiform and ostariophysian
fishes expressed the C isoenzyme as a relatively cathodal
isoenzyme predominating in the liver (Sensabaugh and
Kaplan, 1972; Shaklee et al., 1973). According to Yoakim
et al. (1993b), LDH-A and LDH-B loci were expressed in B.
bayad and B. docmac tissues in the form of homopolymer
and/or heteropolymer isoenzymes. The LDH-C locus of
such species was found to encode liver-specific
homopolymer isoenzymes which migrated cathodally. In
the present investigation, LDH-isoenzyme patterns were
found to be controlled by two loci (A and B) for muscles
and heart, while in the liver, in addition to gene loci A and
B, a third locus C was detected and migrated toward the
cathode. However, the LDH-isoenzyme patterns showed
few variations in the Lethrinus species studies in
comparison with those of other enzymes to the degree that

the concentration of some of LDH-isoenzymes coded by
the detected loci was zero.
Genetic variants of dimeric glucose-6-phosphate
dehydrogenase, demonstrated by altered electrophoretic
mobilities in different types of gels, were reported in some
fishes including those examined by Al-Hassan (1990), Buth
et al. (1984), and Yoakim et al. (1993b). Two forms of
G6PDH isoenzymes encoded by two loci (A and B) were
reported by Al-Hassan (1990); Ohno (1966) and Shaw
(1966). The B form which showed autosomally controlled
polymorphism was found to be equally active toward
glucose-6-phosphate and galactose-6-phosphate. Yoakim
et al. (1993b) identified three polymorphic gene loci, the
sex-linked locus A and two autosomal loci, B and C in the
muscles and liver of two bagrid species, B. bayad and B.
docmac. In addition, another autosomal locus, D, was
recorded by these authors to be specific for the liver. In the
present work, G6PDH of the muscles and heart of
Lethrinus species was encoded by many autosomal loci.
The muscle G6PDH isoenzyme patterns were explained to
be influenced by 4 loci (A, B, C & D). However, the heart
ones were encoded only by 2 loci (B and D).
Esterase genetics were used and considered for fish
taxonomic purposes by many investigators (Martinez et al.,
1991; Roldan, 1991; Mekkawy et al., 2000a; Silva et al.,
2008; Rashid et al., 2012; Rashid and Habib, 2012;
Ivanova et al., 2013; Rashid and Kamruzzaman, 2013).
Teleost esterases exist in multiple forms and behave as
monomers or dimers (Hart and Cook, 1976; Utter and
Folmar, 1978; Mekkawy et al., 2000a). The genetic
interpretation of esterase zymograms patterns has been
reported to be confused by environmental or ontogenetic
factors in some fish species (Allendorf et al., 1975;
Allendorf and Utter, 1979). In the present work, no
ontogenetic variations in the esterase isoenzyme patterns
of Lethrinus species were detected through the rang of
length considered. The esterase molecules were presumed
to be monomers and were coded by 3 loci (A, B and C); all
these loci are common between muscles and heart.
Proteins of the eye-lens nucleus are ideal for genetic
studies (Smith and Goldstein, 1967). Because of their nonturn over, the eye-lens nucleus proteins don't fluctuate in
quality or quantity. Also, they are not contaminated by
proteins of other tissues such as blood, nerves or muscles
(Mekkawy et al., 2000a). Some investigators mentioned
that the eye-lens nucleus is inert (Halbert and Manski,
1963; Kiss and Cheng, 2008). Also, eye lens nucleus
proteins resist denaturation (Smith, 1965,1966) and are
highly concentrated (Halbert and Manski, 1963; Kiss and
Cheng, 2008).
In the present work polymorphism or heterogeneity was
detected in eye-lens nucleus protein patterns of Lethrinus
species. These eye lens nucleus proteins (as mentioned
before) are not affected by blood supply fluctuations.
Therefore, they reflect only the proteins that are specific for
the eye lens nucleus. Such protein heterogeneity was
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expressed in four zones which can be explained by four
genetic loci namely: EL-1, EL-2, EL-3 and EL-4.
Polymorphism in eye-lens nucleus protein patterns of some
species of genus Epinephelus was detected by Mekkawy
et al. (2000a). Also, polymorphism of the eye lens (cortex
and/or nucleus) proteins was reported by several authors
(Smith and Goldstein, 1967; Christofferson et al., 1978;
Yoakim et al., 1993b; Mekkawy et al., 2000a; Ahmad et al.,
2012). Some of these authors referred to polymorphism in
crystallins and their association with latitudinal distribution
of Clarias batrachus in North-Western India. Weadick and
Chang (2009) reported that some of the crystallins retained
ancestral function. By contrast, polymorphism in eye lens
protein patterns was lacking in Labeo forskalii (Mekkawy
and Mahmoud, 1992).
On the other hand, the existence of size-polymorphism
relationship in fish eye lens proteins was reported by some
investigators (Benz, 1980; Leenen and De Jong, 1981).
However, some other authors (Eckroat, 1971; Saunders
and Mckenzie, 1971; Blake, 1976; Smith and Gilman,
1982; Mekkawy and Mahmoud, 1992; Yoakim et al.,
1993b; Mekkawy et al., 2000a) and the authors of the
present work did not reveal such a relationship. Smith and
Gilman (1982) stated that since the studies of different
authors frequently varied according to the portion of the
eye lens used (Viz., nucleus, cortex or entire lens) as well
as type of extraction solution and/or electrophoretic system
used, it is impossible to directly compare results and so
generalize about size-associated polymorphism in fish eye
lens proteins. Similarly, no generalization can be recorded
about size-free polymorphism (Mekkawy et al., 2000a).
Polymorphism in muscle proteins was revealed in some
fish species (Taniguchi and Sakata, 1977; El-Serafy, 1994;
Mekkawy et al., 2000b; Yilmaz et al., 2007; Gaikwad et al.,
2012; Chakravarty et al., 2014). By contrast, other fishes
did not reveal muscle protein polymorphism (Weinstein and
Yerger, 1976; Mekkawy and Mahmoud, 1992; Yoakim et
al., 1993a). Fishes of the present investigation revealed
that polymorphism in muscle protein patterns was recorded
only in L. mahsena and was lacking in L. borbonicus and L.
nebulosus. Accordingly, the monomorphic proteins
provided the most clearly discrenible measure of
biochemical-genetic relationship between those species
(Mekkawy et al., 2000b).
In spite of polymorphism recorded in isoenzymes
(Esterases, LDH & G6PDH) of the three Lethrinus species
studied and the conservative nature of muscle proteins of
L. mahsena, interspecific relationships were evident. The
relatively large genetic distance between L. mahsena and
L. nebulosus suggests much longer separation (the relative
times of divergence is 3,105,669 years ago). Also the
results revealed that L. borbonicus is more closely related
to L. nebulosus (2,341,406 years ago) than L. mahsena
(2,572,819 years ago).
Comparing these findings with the results of body
morphometrics,
scale morphometrics
and scale

morphology including scanning electron-microscopic
characteristics of species studied in the present work, one
can note that, scale morphometrics-clustering revealed that
L. borbonicus and L. mahsena are the most closely related
species, while the results evaluated in terms of cluster
analysis according to 17 body-morphometric indices
(relative to SL) and those based on the genetic distances
revealed that L. borbonicus and L. nebulosus were
clustered in one group (more closely related). On the other
hand, scale morphology revealed that L. mahsena and L.
nebulosus are the most closely related species and L.
borbonicus separated alone in one group; the latter case is
in close agreement with the results evaluated in terms of
cluster analysis according to 33 morphometric indices (17
relative to SL and 16 relative to HL) and in terms of
presence-absence criterion of isoenzymes patterns only,
general proteins patterns only and the both (isoenzymes
and general protein patterns) together. These findings
coincide with the small maximum size of L. borbonicus
(maximum size, 40 cm in total length) which differs from
those of the remainder two species studied (maximum
size, 65 & 80 cm in total length for L. mahsena and L.
nebulosus respectively). Therefore, one can conclude that
different genetic mechanisms influence such a wide
spectrum of Lethrinus species characteristics; the
expression of some of such mechanisms may be controlled
partially by certain environmental factors acting on the
species studied. Also, generally one can report that the
biochemical genetic results must be compared with the
totality of morphological characters which reflect most of
the genome expression of the species studied.
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