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Abstract: Family Cyprinodontidae is represented by two species, Aphanius dispar (Arabian killifish) and Aphanius
fasciatus (Mediterranean killifish). 4. dispar is distributed in brackish water as well as marine water. In view of this
adaptive versatility, their chromosomal complement was examined to study the type of chromosomes. The use of the
electrophoresis heretic analysis of the muscle proteins patterns of the two species and their hybrid indicated that
each of both valid species have distinct protein patterns. High genotypic diversity was found within populations.
Among the two Aphanius species 21 banding positions, were resolved, the electrophoresis showed a species-specific
pattern and in some cases these patterns differ of the same species. There are few characters have been detected by
morphological analysis. The general genetic polymorphisms and structure of variability among the two species
cyprinodont fishes and to carry out genetic variation studies based on modern techniques. To study some biological
and genetic variations among Aphanius species we used a protein-banding patterns muscle proteins, esterase
isozyme polymorphisms and RAPD-PCR DNA markers. Restriction endonucleases of the genomic DNA have been
used to detect the genetic variability among and within fish populations. It was found that these are the most
successful and accurate methods. The relative from, molecular weight (MW) and band frequency fingerprints that
generated by the 3 primers revealed unique for each Aphanius species in terms of number and position of RAPD
bands.
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1. Introduction conditions, the distribution of different Aphanius
Cyprinodonts, are small-size fishes usually known species has a natural situation (Maltagliati, 1999).
as tooth-carps or Killifish. They are adaptable little The conditions in the Red sea were favorable for
fishes, able to tolerate extreme environmental both species where the area had swamp marshes which
conditions of heat, salinity and drought that would be cause a disturbance in the salinity (increase in salinity)
fatal to most other groups of fishes (Chaouai and which in return unfavorable for the Mediterranean less
Hassine, 1998).The Killifish Aphanius dispar is a tolerant A. fasciatus. The Unusual environmental
cyprinodont fish inhabiting brackish waters and is a conditions of the Red Sea appear to have affected the
good target species for ecological and evolutionary distribution of A. dispar , and A. fasciatus. These
studies. It is indeed quite common in coastal brackish conditions (particularly fluctuations in salinity from
habitats of the Mediterrancan and Red sea area brackish to the hypersaline) seem unfavorable to
(Cognclti and Maltagliati, 2000) and able to tolerate a species migrating from adjacent water of both Red Sea
wide range of variations of relevant chemical-physical and Mediterranean. Al- Akelet al.(1987) reported about
parameters such as temperature and salinity. selective feeding of Arabian freshwater fish, A. dispar.
Cyprinodontidae contains about 50 genera (e.g. The hybrids between both species were naturally
Adinia,  Aphanius,  Aphyosemion,  Crenichthys. found in the area. But the hybridization between these
Cynolehias, Cyprinodon,  Fundulus, Oryziaz, two species along the course of the Red sea itself. The
Pantanodon and Rivulus) with at least 300 species use of protein variation in the study of species or
(Maltagliati, 2002). The largest sizes found were 45mm intraspecies relationships in Aphanius has been applied
versus 38mm (Varas and De-Sostoa, 1997). The by several workers. Some authors have mentioned the
distribution of the genus Aphanius give rise to different occurrence of natural hybridization between 4. dispar
hypotheses on origin and evolution of its species. The and A. fasciatus at the northern part of the Suez canal
genus Aphanius also has to tolerate a wide range of day in Egypt (Dufresne and Bernatchcz, 2002). Many
and night differences in temperature, about 21 °C papers reported the effectiveness of RAPD markers in
difference. Because of these specialized environmental discriminating between species, subspecies and

populations in a wide range of organisms, including
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fish (Mamuriser al., 1998;Partis and Wells,
1996;Reichenbacheret al.,2009;Gonzalez et al., 2014).

RAPD-PCR DNA markers are the most widely
used molecular markers in fish species systematic and
has become a convenient tool in studying genetic
structure and phylogenctic relationships (Williams
etal., 1998).The differences among fish populations by
polyacrylamide gel electrophoresis (PAGE) of total
soluble proteins were estimated. There are several
methods were used to separate the protein mixture to
determine its molecular weight and polymorphisms
such as sodium dodecylsulphatpolyacrilamid gel
electrophoresis (SDS-PAGE).

Random Ammplified polymorphic (RAPD) DNA
has been applied for the identification of fish species
(Partis and Wells, 1996; Williams et al., 1990). RAPD
- PCR analysis had a value to assay polymorphisms
within and between populations of two species of
Aphanius. RAPD technique was also used to estimate
the phylogenetic relationships and to calculate the
similarity values among and within fish population
(Callejas and Ochando, 1998). Although the RAPD
polymorphism is presumed to be located at the
annealing site of the 10-mcr primer, it has been shown
that the primer-binding sites are often identical
between two samples showing polymorphic bands
(Bowditch et al., 1994).This method has been applied
to the discovery of genetic markers for mapping studies
(Postlethwait et al., 1994).

2. Materials and Methods
Collection of Samples

Samples were selected depending on their
morphological features. Ten samples were collected
from each morphological specific group. There were
three groups, the first group characterized with 2-3
dark lines on the anal fin which was Aphanius dispar.
The second group was characterized by dark
demarcation surrounding the dorsal fin which was A.
dispar. The third group was characterized by the
presence of three dark strips on the tail fin and a dark
strips on the circumference of the dorsal fin.

A. fasciatus and A.dispar hybrid were collected
from one location at the Red sea, Saudi Arabia.
Preparation of samples(Isozyme polymorphism)

SDS-PAGE electrophpresis: 4 A. fasciatus, and 4
A. dispar were used to study the electrophoresis protein
analysis as well as isozyme according to Lacmmli
(1970) with some modifications. For the 0.85% NaCl
and 70% ethanol soluble proteins 20 and 40 uL were
added to it of SDS sample buffer, (pH 8.8). Control
wells were loaded with standard protein markers (133,
116, 108, 97, 68, 66 and 48 KDa)Extraction of
isozyme, electrophoresis conditions, gel preparation,
staining and distaining were conducted according to the
standard methods(Tanksley andOrton, 1983).
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Ten individuals of 4. dispar were analyzed by
allozyme electrophoresis for the study concerning
genetic structure and gene flow among populations.
Gel electrophoresis for fish-stock identification (Smith,
1990). Muscle samples of 4. dispar, A. fasciatus and
hybrids were obtained from alive fish and the muscle
samples were homogenized in the buffer and
centrifuged after sample preparation gel. The SDS-
PAGE gel was used in the separation. Following the
separation, the gel was removed, using solution of
Coomassie Brilliant Blue and destained according to
the procedures used by Williams et al.( 1990). Standard
molecular weight marker proteins (wide range)
obtained from Sigma Chemical Company, was applied
as sample to the gel. method of Laemmli (1970).
Standard molecular. All gels resulted from protein and
DNA electrophoresis, were scanned and the analysed
Protien and isozynics gels were photographed.
Dendrogram Construction

For constructing a combined dendrogram dealing
with genetic relationships among the species studied,
the data generated from, protein banding pattern and
molecular markers were introduced to SPSS package
program according to binary values (1.0). The output
results involved both different hierarchical pair
distance (UPGAMA) and constructed dendrogram.
Chromosomal analysis

The chromosome complement of A. dispar, A.
fasciatus and their hybrid were examined to study the
type of their chromosomes. Metaphase chromosomes
were investigated and counted under microscope oil
immersion lens (XI000). Photographs were taken from
the best metaphases and karyotypesand were prepared
for each of the two studied species and their hybrid
according to Al-Hawary and Al-Saleh, (1989).
Chromosomal analysis including the fundamental
number (FN).Samples of cyprinodontid fish 4. dispar
from three locations were examined. Nei’s genetic
distance values (Nei and Tajima, 1981) were the
characteristic of populations within species.

Genomic DNA Isolation

Genomic DNA was extracted from pectoral fin
clips of fish following the methods of Maniatiset al.
(1982) with some modifications. Pectoral fin was lysed
in 50 mL of 50mml/1 Tris buffer (pH 8.0).The genomic
DNA pellet was (resuspended) dissolved in 500 uL TE
buffer, and (10ul) was aliquoted for PCR
concentration determined.

PCR Amplification

Samples were used directly for PCR (Shears et
al., 1991) with different primers. The PCR products
were run in 0.8 % agarose gels by electrophoresis.
Amplification and electrophoresis conditions were
carried according to (Williams et al ., 1990). Primer
codes and sequences used for amplification are
presented in Table (1).
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Approximately 15 uLpf amplification products
were separated on 1.5% agarose until the marker bands
give a good resolution. The gel was immediately
photographed using Polaroid camera. 15 uL. of DNA
implied product was loaded in each well and 1 Kb
(Sigma) DNA marker (23, 9.4, 6.5, 4.3, 2.3, 0.56 Kbp
mix was used as standard DNA. The banding patterns
of individual were compared among fish species.
Bands were scored as positive (+) if it is present or
negative (-) if it is absent.

Table 1. Primer codes and sequences used for DNA
amplification

Primer code |, ;"0 ¢
Al CAGGCCCTTC
A2 TGCCGAGCTG
AS AGGGGTCGTT

3. Results and Discussion

The karyotypes are distinguishable on the basis of
chromosome morphology. The species showed 48 (2n)
chromosomes with an NF-96 (Figurel). Results
demonstrate that both of 4. dispar and A. fasciatus as
well as their hybrids have a diploid number of 48.
Chromosomes were classified into four categories
namely metacentric (m), submetacentric (sm),
subtelocentric (st) and acrocentric (t). Features that
characterize the karyotype of A. dispar are the presence
of one pair of metacentric. In hybrids, the arrangement
of chromosomes in pairs shows an over abundance of
acrocentric chromosomes (with one minute arm). It is
possible that acrocentric chromosomes are more suited
to handle extremes of variations in environmental
salinity (Siddiqui and Ahmed, 1999).

The results of studying protein polymorphisms of
10 individuals from Aphanius species were sampled
from the three groups. Electrophoretic protein patterns
are shown in Figure (2) and summarized in Table (2)
cleared the Intra-specific variations between different
species. The SDS-PAGE gel showed the separation of
the muscle proteins both of A. dispar and A. fasciatus
as well as their hybrids. There are some proteins
patterns appeared only in the case of hybrids (116, 97,
48 KDa).

The results obtained were in close agreement with
Comparini et al. (1983), who examined population
samples of A. dispar at five localities from
Mediterranean, Red Sea and Dead Sea by standard
methods of starch gel electrophoresis. They concluded
that 4. dispar was extant in the Mediterranean before
the construction of the Suez Canal based on the genetic
similarity between all possible pairs of these
populations. They used the protein electrophoresis to
confirm the identity of the two species and their
hybrids where there are few characters have been
detected by morphological analysis.

The results of electrophoretic analysis of muscle
protein cleared that each of the examined species had
its own protein pattern which could distinguish not
only between the two species and also between the
same species and the hybrid has more of its protein
pattern. The results showed a high degree of
polymorphisms, especially in the range of molecular
weight from 133 -48 KDa among the two species and
their hybrids. The two species were approximately
similar. The protein variations among Aphanius
species, cleared characteristic protein bands for each
species were only detected in the specific protein bands
at MW (KDa) were 4. dispar 133, AM 16, 97, 48
Table (2).

Table 2. Characteristic protein bands for the two species and their hybrids
2 3 4 1

M.W.KDa ! 2 ! . 2 3 4
hybrid hybrid A. fasciaius A. fasciaius A. fasciatus A. fasciaius A. dispar A. dispar A. dispar hybrid

133 - - - - - - +
116 + - - - -
108 - - + + + + + + +
97 +
86 - + - + + + + + +
66 + + +
48 +

Results in Table (2) and Figure (2) showed a total
of 21 bands which were labeled according to their
relative fronts along the gel. The total number of bands
in each lane ranged from 9 -21 bands. The band
frequencies were calculated and ranged from 1 to 0.87.
The average of similarity values within hybrid
population was 0.96.Comparative electrophoresis of
Aphanius species of proteins aimed at the identification
of species or their hybrid markers has been described
by Dufresne et al. (2002).

Among the two Aphafiius species A. dispar, A.
fasciatus and their hybrid 15 banding positions were
resolved. Isozyme are functionally similar but
separable forms of enzymes, encoded by one or more
gene loci. Fish geneticists had been used by protein
(isozyme) electrophoresis as their primary tool to
characterize population genetic - level variation fish
species (Waples, 1990; Gonzalez et al., 2014).

Allozyme electrophoresis as been used to analyze
and to compare the genetic structure of ten populations
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of the killifish A. fasciatus (Roberta et al., 2003).
Allozyme markers in general showed co-dominant
inheritance patterns (Appleyard and Mather, 2000).
Esterase are enzymes that characterized by their
common activity on many naphthylester substrates.
Some isozymesystems have good values in fish
characterization over other systems such as esterase
isozyme system. Consequently, each band of esterase
activity reflects a structure of one polypeptide chain.
Hence, each band on the gel represents the end product
of one locus (allele). Many authors have repeatedly
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mentioned the occurrence of natural hybridization
between A. fasciatus and A. dispar. assumed that this
hybridization occurred along the course of the Red sea
itself (Dufresne et al., 2002).

Samples of 4. dispar and A. fasciatus as well as
their hybrids were investigated for gene loci. Four of
these loci were found to be monomorphic in all the
studied samples. The remaining 7 loci were
polymorphic and their allele frequencies are shown in
Figure (3).
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Figure 2. SDS-PAGE of two Aphanius species (A.dispar,A.fasciatus and their hybrid.

Electrophoretic protein patterns)

Workers concluded that the electrophoresis
showed a species-specific pattern and in some cases
these patterns differ of the same species (Dufresne et
al., 2002). Highest value of similarity within
population was obtained for A. fasciatus and the lowest
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was for A. dispar, the RAPD fingerprints under
identical amplification and electrophoretic conditions
are highly reproducible for any given primer-template
combination (Dinesh, 1995). Fishes and other marine
organisms have shown, in many cases, a close
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correlation between genetic polymorphism and
ecological response to habitat challenge (Cognetti and
Maltagliati, 2000). A. dispar is more tolerant than A.
fasciatus and hybrid, thus it is dominant in the saline
(Nevo, 2001;Reichenbacheret al., 2009).

The results of the overall genetic diversity of the
species is almost completely determined by the among
population rather than within population genetic
variability and was agreed with Maltagliati (2002). A
highly significant coancestry coefficient value was
found in that study (p<0.001) which agreement with
result of Maltagliati (1999).

In the present study, and to recognize the genetic
variation techniques of RAPD-PCR were used. From
the 7 random primers used only three primers (Al, A2,
AS5) were succeeded in matching and amplifying DNA
of all (three) populations and RAPD-PCR proceeding.
Band patterns were clear and could be scored with
confidence Table (3). These primers produced 14
variable bands that ranged in size from 4,7 to 0.6 Kbp.
The relative from molecular weight (MW) and band
frequency fingerprints generated by the 3 primers
revealed unique for each Aphanius species in terms of
number and position of RAPD bands.

From table (3) the number of fragments generated
by each primer was ranged from (1-8) in the case of
hybrid from (1-3) in 4. fasciatus and from (1-3) in A4.
dispar respectively as displayed in Table (4). The
phylogenetic relationship based on DNA markers was
presented in Figure (4). This indicates that the highest
degree of variability was that between A. fasciatus and
A. dispar. Many specific Ah DNA markers were
generated by the 3 primers From. Table (3), hybrid had
8 specific DNA markers. These markers at molecular
weight of 4.7, 1.8, 0.7 Kbp (primer Al), 2.8, 1.9, 1.2,
0.7 Kbp (primer A2), and 1.3 Kbp (primer AS5)
respectively.

With regard to 4. fasciatus it had 3specific DNA
markers. These markers were distributed among 3
primers, these primers were Al (one marker at 0.82
Kbp), A2 (markers at 3.9 Kbp) A5 (marker at 0.8 Kbp)
respectively. The third applied Aplutnius species (A.
dispar) had 3 Specific DNA markers, (one fragments
generated by the primer Al (3.8 Kbp) and two
fragments generated by the primers A2, A5 (0.51, and
0.6 Kbp) respectively.

A f

Figure 3. Electrophoretic patterns of esterase isozyme polymorphisms of (4. Fasciatus and A. Disparand their hybrid

(A.h). generated by a - aphthylacetate

Al

A5

Ad Al Ah M

Figure 4. DNA polymorphisms using RAPD markers generated by three random primers
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Table (3): Specific DNA markers that were generated by the three primers

BF AlBn R.f Mw(Kbp) hybrid A. fasciatus A. dispar
0.33 1 0.7 4.7 + -
0.33 2 0.29 3.8 - - +
0.33 3 0.41 1.8 + - -
0.33 4 0.46 1.7 - + +
0.33 5 0.56 0.82 - + -
0.33 6 0.66 0.70 + - -
0.33 1 0.33 3.9 - + -
0.33 2 0.41 2.8 + - -
0.33 3 0.45 1.9 + - -
0.33 4 0.56 1.2 + - -
1 5 0.62 0.83 + + +
0.33 6 0.66 0.7 + - -
1 7 0.73 0.62 + + +
0.66 8 0.81 0.51 - - +
1 1 0.42 2.8 + +
0.66 2 0.40 1.8 - - +
0.33 3 0.52 1.3 - -
0.33 4 0.58 0.8 - + -
0.33 5 0.66 0.6 - -

Table 4. Number of DNA fragments generated by each primer for the the two species and their hybrid.

Primer code A. dispar A. fasciatus hybrid
Al 1 1 3
A2 1 1 4
AS 1 1 1
Sum 3 3 8

From Table (4) The number of fragments
generated per primers varied between 5 to 8. All
primers gave specific patterns. The subspecies specific
patterns were for some but not all primers.Among the
three populations, hybrid has a closer affinity to A.
fasciatusthan to A. dispar. It showed that Aphanius, sp
was distant related to both A. disparand A. fasciatus.
and their hybrid Figure (5).

Figure (5) showed the results of dendrogram
construction entrance coefficients between popular. It

showed the close affinity of A. fasciatus and A. dispar
and their hybrid. A slight separation of the 4. dispar
and the closer affinity hybrid, shows with 4. dispar
than with 4. fasciatus. Intra-and inter spcci fie
variations in banding patterns were therefore expressed
as presence / absence data and a pair wise matrix based
on bands shared was estimated by RAPDPLOT
program (Kambhampatiezal., 1992).

A. dispar -
CL A. fasciatus
hybrid
0.6 0.5 0.4 0.3 0.2 0.1 0.0

Figure (5):Dendrogram.of genetic relationship among the two species of A. tliypttr, A. fasciatusand their hybrid

based on protein polymorphism.
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Conclusions:

Molecular weight (MW) and band frequency

fingerprints generated by the three primers revealed
unique for each Aphanius species in terms of number
and position of RAPD bands.
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