DNA fingerprinting of some tilapia fish in Suez Canal zone
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Abstract

This study was conducted on samples collected from three wild environments with different salinities in the
Suez Canal zone involving four species Oreochromis niloticus, Oreochromis aureus, Sarotherodon galilaeus and
Tilapia zilli. Random Amplified Polymorphic DNA (RAPD PCR) using ten decamers primers was conducted on
representative samples from the four species collected from the three different environments in the Suez Canal zone
zilli fresh (ZF), zilli brakish (ZB), Zilli saline (ZS), niloticus fresh (NF), niloticus brakish (NB), aureus fresh (AF),
aureus brakish (AB), galilacus fresh (GF), and galilacus brakish (GB). 340 bands were identified in the nine
populations. The RAPD patterns generated by primers (OPA-03) and (OPA-19) were together sufficient to
distinguish the nine tilapia populations. The discrimination indices of primers 1 and 6 were 0.89 and 0.83
respectively. The major components of variance for RAPD markers accounted for 72 % of the variance. The use of
two ways clustering revealed that certain RAPD markers are associated with adaptation of the genomes to salinity or
brackish water conditions. These markers will be useful in future experiments on MAS breeding for tolerance to

salinity in Nile Tilapia.
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1. Introduction

Tilapias are the most popular and common
cultivated fish in Egypt. Recently, attention has been
paid to produce tilapia strains more tolerant to
environmental conditions, especially salinity (such as
red tilapia). In general, tilapias are mostly fresh water
species but the production of tilapia strains in brackish
or sea water is needed (Payne, 1983). A simple
procedure based on Random Amplified Polymorphic
DNA (RAPD) markers has been found useful for
revealing the genetic differences within as well as
among fish populations (Ali, 2003; Ali et al., 2004; Du
et al., 2005). RAPD markers have found a wide range
of applications in gene mapping, population genetics,
molecular evolutionary genetics and plant and animal
breeding (Bartish et al., 1999 & 2000).

A main objective of management of tilapia species
in the Suez Canal zone is the elucidation of the
population structure and the preservation of the genetic
resources within and between the populations.
Management is rather simple to apply if the fish stocks
are separated from each other, such as salmon. Salmon
populations are separated according to spawning
grounds. Many species of fish are separated by
occupying separate inland bodies of waters. Stocks in
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these cases can be managed and harvested separately
(Allendorf et al, 1987, and Koeller, 2003).
Management becomes complicated if the stocks
congregate in mixed populations. In such situations,
identification of each contributing population should be
accomplished first. Pella and Milner. (1987) and
Kaewsanagk et al.. (2000) presented the procedure for
this analysis, called "The stock composition analysis
using genetic markers". By this procedure, the
distribution of each contributing population within the
mixed stocks can be estimated, and therefore,
regulation of harvests to protect weaker populations
can be made.

In spite of the commercial importance and
increasing demand of tilapia species, little is known
about the genetic characteristics of wild and cultured
populations of tilapia strains in Egypt. This study
involves four tilapia (Oreochromis  niloticus,
Oreochromis aureus, Sarotherodon galilaeus and
Tilapia zilli) species collected during geographical
survey from wild environments in the Suez Canal zone,
namely; Ismailia Fresh Water Canal, Western Lagoon
and Lake Timsah. The aim of this study was to
characterize at the DNA level, the differences among
tilapia species collected from the three different wild
environments from Suez Canal zone.
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2. Materials and methods

2.1. Sites survey, Fish sampling and Hydrographical
Parameters

In this study, four tilapia species; namely; Nile
tilapia  (Oreochromis  niloticus), blue tilapia
(Oreochromis aureus), white tilapia (Sarotherodon
galilaeus), and green tilapia (Tilapia zilli) were
sampled. These species were collected from three
environments in the Suez Canal zone (Table 2; Figure
1) namely; Ismailia freshwater canal, western lagoon,
and Lake Timsah (green tilapia only). In order to
determine the extent of tilapia production and to select
the sampling environments, a general survey of the
Suez Canal zone was undertaken. Three different
environments were chosen (Ismailia freshwater canal,
Western Lagoon and Lake Timsah) in Suez Canal zone
which were the main fishing ground of the species
concerned and characterized by the presence of fishing
activities. The field survey provides basic data and
information about the investigated environments, as
well as, the distribution and population structure of the
species. Water quality parameters; Dissolved oxygen
(DO), pH, Water temperature (WT), Salinity (SAL) and
chlorophyll a (Chlo a) were recorded for each of the
selected sampling sites. All measurements were done
according to (Boyd, 1979; AOAC, 1990; and Boyd and
Tucker, 1992).
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2.2. DNA extraction

DNA was extracted from fin tissue following the
method described by Bardacki and Skibinski (1994)
with minor modification. Approximately 1 centimeter
of a fin tissue was cut into small pieces and suspended
in 500 pl STE (0.1 M NaCl, 0.05 M Tris and 0.01 M
EDTA. pH 8). After adding 30pl of 10% SDS and 30
pul of proteinase k (10 mg/ml), the mixture was
incubated at 50°C for 30 min. DNA was purified by
successive extraction with phenol, phenol: chloroform:
isoamyl alcohol (25:24:1) and chloroform: isoamyl
alcohol (24:1), respectively. The DNA was precipitated
with ice-cold absolute ethanol and washed with 70%
ethanol. The pellet was dried and resuspended in 200 pl
TE buffer (EDTA 1.0 mM; Tris-HC1 10 mM, pH=S).

2.3. RAPD analysis

RAPD PCR analysis was performed on selected
samples representing each of the nine tilapia
populations. Ten primers (Operon, A Qiagen
Company, Qiagen GmbH, Germany) were used to
initiate PCR amplification (Table 2). The conditions
that were considered optimal for obtaining accurate
amplified band profiles with these primers were as
follows: the reaction mixture (25 pl) contained 1X Taq
polymerase buffer, 50 ng of genomic DNA, 2 mM
MgCl, , 0.2 mM of each dNTPs, 5 pmol of a single 10—
base primer, and 0.5 unit of Taq DNA polymerase.

Table 1. Sampling environments and site coordinates for the nine populations (four tilapia species) used in this

study.

Sampling environments

Site co-ordinates

Species 1D

Ismailia Fresh Water Canal

30°35'21.97"N and 32° 16' 59.57"E

O.niloticus NF
O.aureus AF
S.galilaeus GF
T.zilli ZF

Western Lagoon (Brackish)

30°34'33.47"N and 32° 16'9.91"E

O.niloticus NB
O.aureus AB
S.galilaeus GB
T.zilli 7B

Lake Timsah (Saline)

30°34'41.13"N and 32° 17'27.86"E

T.zilli ZS

Table 2. Primer code, sequence and GC% of the RAPD primers used.

Primer code | Sequence (5 to3) | GC% | MW
OPA-03 AGTCAGCCAC 60 3043
OPA- 04 AATCGGGCTG 60 3098
OPA-07 GAAACGGGTG 60 3163
OPA-10 GTGATCGCAG 60 3098
OPA-13 CAGCACCCAC 70 3003
OPA-19 CAGCACCCAG 70 3043
OPB-10 GGACTGGAGT 60 3138
OPB-03 GTGAGGCGTC 70 3114
OPC-11 AAAGCTGCGG 60 3123
OPC-13 AAGCCTCGTC 60 3017
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Figure 1. Map of Suez Canal Zone showing the three sampling environments.
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Amplification was carried out in Eppendorf

Thermocycler for 45 cycles, each consisting of a
denaturing step for 1 minute at 94°C, followed by
annealing step for 1 minute at 36°C and extension step
for 2 minutes at 72°C. The last cycle was followed by
5 minutes of extension at 72°C. The amplification
products were separated by gel electrophoresis in 1.5%
agarose (Seakem GTG agarose; FMC Biproducts,
Rockland, Maine, USA) in 0.5 X TBE (45 mM Tris-
borate, | mM EDTA) containing ethidium bromide (0.5
pg/ml) at a constant voltage of 5 V/em. After
electrophoresis, the gel was visualized by UV
transillumnation, and photographed using a digital
camera in a gel documentation system (Alpha Innotech,
CA, USA).

2.4. Statistical analysis

RAPD bands were scored as discrete variables,
using "1" to indicate presence and "0" to indicate
absence of a band at a particular position on the gel.
The discrimination index (DI) was calculated for each
primer by using Simpson's index of diversity as
described by Hunter and Gaston (1988). The
similarities between DNA fingerprints were calculated
with the band-matching Jaccard’s coefficient that
ranges from 0 to 1.0, where 1.0 represents 100%
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identity (presence and position) for all bands in the
fingerprints being compared.

A pairwise similarity (or distance) matrix was
developed and cluster analysis was performed using
this matrix with either the Unweighed Pair Group
Method with Arithmatic averages (UPGMA) or the
Neighbour Joining (NJ) methods. All computations
were performed using the Alphaease FC Stand Alone
(v.4.0) software (Alpha Innotech, CA, USA). Principal
component analysis was performed on RAPD markers
by wusing the FORTRAN computer program,
(NTSYSpc-2.01a program Applied Biostatistcis, Inc.,
USA), and Cluster and Tree View programs (Eisen et
al., 1998).

3. Results

3.1. Hydrographical parameters

The comparison of hydrographical parameters
among the three Suez Canal zone environments showed
that water temperature (WT) in the Western Lagoon
was significantly higher than those of Ismailia fresh
water canal and Lake Timsah. The pH did not differ
significantly between Ismailia fresh water canal and
Western Lagoon, but was higher in Lake Timsah. The
dissolved oxygen (DO) and Salinity (SAL) in Lake
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Timsah were significantly higher than those of Western
Lagoon and Ismailia Canal , Chlorophyll a (Chlo a) in
Western Lagoon or Lake Timsah was significantly
higher than that of Ismailia freshwater canal (Table 3).

Table 3. Mean and standard error (SE) for four water
quality parameters (WT, SAL, DO, pH, and
Chlo a) from 108 observations taken from the
wild environment in Suez Canal zone.

. WT! DO* | sAL’ Chloa®
Environments () pH (mg/l) (ppt) Mean
(ng/D
Ismailia 2494 | 7.59° | 437° | 0.18° 147.44°
Fresh water + + + + +
Canal 0.30 0.04 | 0.09 0.03 18.39
Western 25.88" | 7.49"° | 3.76° | 16.18° 426.82°
Lagoon * = * = *
g 0.35 0.03 | 0.15 0.30 29.43
23.81° | 8.12° 6" 34.13° 403.58°
Lake Timsah + + + + +
0.44 0.01 | 0.18 0.57 58.10

"Water temperature, * Dissolved oxygen, ® Salinity, * Chlorophyll a
3.2. Tilapia profiling by all primers

The total number of bands amplified from the nine
tilapia samples using the ten primers was 340. The
total number of polymorphic bands resolved from all
tilapia samples (Figures 2, 3 and 4) was 311 (311/340 =
91.5%). The number of polymorphic bands per primer
ranged from 19 bands for primer 3 with 9 (9/19 = 47%)
polymorphic bands and primer 8 with 15 (15/19 =
79%) polymorphic bands to 54 bands for primer 10
with 100% polymorphic bands. The discrimination
index for RAPD primers varied from 0.23 for primer 3
to 0.89 for primer 1 (Table 4). Table (5) shows the total
number of bands and polymorphic bands amplified
from each tilapia population by using all RAPD
primers. Tilapia zilli sampled from Western Lagoon
(ZB) showed the highest number of amplified RAPD
bands (147 bands), the highest number of polymorphic
bands (118 bands or 11.8 polymorphic bands per
primer), and the highest percentage of polymorphic
bands (118/147 = 80.3%). On the other hand,
Oreochromis niloticus sampled from Ismailia Fresh
Water Canal (NF) showed the lowest number of
amplified bands (123 bands), the lowest number of
polymorphic bands (94 bands or 9.4 polymorphic bands
per primer), and the lowest percentage of polymorphic
bands (94/123 = 76.4%).

Figure (5) shows a dendrogram constructed from
the pairwise comparisons of Jaccard’s similarity
coefficients calculated based on the 340 bands (311
bands). Tilapia zilli sampled from Western Lagoon
(ZB) and Lake Timsah (ZS) were closely clustered
(Jaccard’s similarity coefficient of 0.72). The two
Tilapia zilli samples formed a group that displayed a
lower similarity (0.65) to Tilapia zilli sampled from
Ismailia Fresh Water Canal (ZF). Oreochromis aureus
collected from Ismailia FreshWater Canal (AF) or
Western Lagoon (AB) displayed a Jaccard’s similarity
coefficient of 0.64 and was more closely related to

Egyptian Journal of Aquatic Research, 2010, 36(3), 467-480

Mohamed E. Megahed ef al.

Sarotherodon galilaeus collected from Ismailia Fresh
Water Canal (GF) than to Sarotherodon galilaeus
collected from Western Lagoon (GB). Oreochromis
niloticus (NB) and Sarotherodon galilaeus (GB)
collected from Western Lagoon were clustered with a
Jaccard’s similarity coefficient of only 0.44.

Table 4. Discrimination index (D) and number of
monomorphic and polymorphic RAPD
amplicons produced by each primer for the
nine samples of tilapia.

Number of RAPD Markers

Primer | D | Monomorphic | Polymorphic | Total
1 0.89 1 47 (98%) 48
2 0.75 0 45 (100%) 45
3 0.23 10 9 (47%) 19
4 0.75 2 36 (95%) 38
5 0.56 9 15 (63%) 24
6 0.83 0 27 (100%) | 27
7 0.75 0 26 (100%) | 26
8 0.56 4 15 (79%) 19
9 0.64 3 37 (93%) 40
10 0.81 0 54 (100%) 54
Total 29 311 (91.5%) 340

When the PCR patterns generated by the two RAPD
primers OPA-03 and OPA-19 were combined, each of
the nine tilapia samples had a unique RAPD profile
(Table 6). The D values for primers 1 and 6 were 0.89
and 0.83, respectively. However, the combined index
of discrimination (D) for RAPD primers 1 and 6 was 1
according to Simpson’s index of diversity. Likewise,
each of the nine tilapia samples displayed a unique
RAPD profile when the PCR patterns generated by
RAPD primers OPA-04, OPA-10, OPB-10, and OPC-
13 were combined. The D values for primers 2, 4, 7,
and 10 were 0.75, 0.75, 0.75, and 0.81, respectively.
The combined index of discrimination for RAPD
primers 2, 4, 7, and 10 was 1 according to Simpson’s
index of diversity. The 311 polymorphic bands
observed in the nine fish samples (ZF, ZB, ZS, NF,
NB, GF, GB, AF, and AB) were subjected to Principal
Component Analysis (PCA), using the computer
program NTSYS-pc (version 2.0) as described under
Materials and Methods. The RAPD marker loci were
treated as qualitative variables. The use of PCA is
helpful to further resolve the grouping of the various
populations of tilapia.

The number of components extracted; i.e. 9 was
equal to the number of populations being analyzed
(Table 6). The first principal component accounted for
a maximal amount of variance (46.94%). The second
principal component accounted for 15.32% of the total
variability. This component is uncorrelated with the
first component and accounts for variance in the data
set that was not accounted for by the first component.
The second component will be correlated with some of
the observed variables that did not display strong
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correlations with component 1. The first three principal
components accounted for 72.04% of the total
variability based on RAPD polymorphisms in the
studied tilapia samples. For the remaining components
that were extracted, each component accounted for a
maximal amount of variance that was not accounted for
by the preceding components, and is uncorrelated with
all of the preceding components.

Since the first two Principle Components PCs
accounted for nearly 62.26% of the variation, the
relationships among these tilapia samples can be
visualized through two dimensional graphs of these two
PC axes (Figures. 6A, B&C and 7). Either the first and
second components or the first and third components
could clearly separate the Nile tilapia (NF, and NB) and
green tilapia (ZF, ZB, and ZS) samples (Figure. 6). The
blue (AF, and AB) and white (GF, and GB) tilapia
samples were maximally separated by using the second
and third components (Figure 6A, B&C). All nine
tilapia samples were best resolved by using the first
three components as illustrated in Figure (7).

3.3. Two-Way cluster analysis

In addition of clustering a tilapia populations (1 —
way), a clustering algorithm was also used to arrange
the polymorphic RAPD markers according to the

Mohamed E. Megahed ef al.

similarity in the pattern of RAPD amplification (2 —
way).

Figure (8) shows the results of clustering of PCR
amplicons according to their presence or absence in the
tilapia genomes. The figure indicated that certain
RAPD markers cluster similarly across the genomes
studied. RAPD markers unique to ZF sample were
10b31, 10b27, 10b22, 10b03, 10b47, 10b42, 10b39,
10b32, and 10b37 (Figure 8A). RAPD markers unique
to NB sample were 1b33, 1b32, 1b20, 1b10, 1b06,
1b01, 10b53, 10b52, 10b45, 10b34, 10b28, 10b25,
10b17, 10b08, 10b05, 10b02, 4b37, 4b30, 4b27, 4b25,
4b23, 4b20, 4b18, 4b11, 4b08, 1b47, and 1b38 (Figure
8B). RAPD markers unique to ZS sample were 1b23,
1b12, 1b09, 1b02, 7b26, 7b24, 7b20, 7bl4, 7b12,
7b11, 7b07, 7b04, 1b37, and 1b28 (Figure 8&C).
Markers found only in GF were 1b27, 1b22, 1b14, and
1bl1l. Markers found only in GB are 10b10, 10b06,
10b44, 10b41, 10b53, 10b29, 10b24, 10b19, and
10b12. Markers found only in AF are 2b29, 2b26,
2b16, 2b13, 2b08, 2b05, 2b02, 2b01, 2b42, 2b39, 2b37,
and 2b35. Markers unique to NF are 2b44, 2b41, 2b36,
2b34, 2b21, 2bl5, 2bll, 2b07, 2b04, 1b24, 1bl5,
10b54, 10b48, 10b46, 10b40, 10b38, 10b36, 10b33,
10b26, 10b21, 10b18, 10b01, 7bl7, 7b09, 7b06,
7602, 4b13, and 4b06. No RAPD markers were unique

Table 6. PCR patterns generated by each primer in each population.

Eigenvalues

PC1 | 422519563

PC2 | 1.37882788

PC3 | 0.87987908

PC4 | 0.59871605

PC5 | 0.54394687

PC6 | 0.46668482

PC7 | 0.38156284

PC8 | 0.30762929

PC9 | 0.21755752

Percent | Cumulative
46.9466 46.9466
15.3203 62.2669
9.7764 72.0434
6.6524 78.6958
6.0439 84.7396
5.1854 89.9250
4.2396 94.1646
3.4181 97.5827
2.4173 100

Sum 9.0

Table 7. Eigenvalues, percent of variance, and cumulative percentage of the nine principal components extracted in

this study.

Primer | D' | ZF | ZB | ZS | NF | NB | GF | GB | AF | AB
1 089 | Ay | A, | B | E, | FF | C | A | D | D
6 083 | As | Bs | As | As Cs B D¢ Cs Ds
10 081 AIO BIO B10 C10 DlO BIO EIO AIO BIO
2 075 | A [ A | A | D |G |G |G| B | A
4 075 | Ay | Ay | A, | B | C, | D, | D, | D, | Dy
7 075 | A7 | A | B, | G | D | D | D | A | A
9 064 | Ag | Co | Co | G | G | B | Co | By | By
5 056 | A5 | A5 | A5 | A5 | A5 | B5 | B5 | B5 | B5
8 056 | Bs | Bs | Bs | Bs | Ag | As | Ag | As | Ay
3 023 | As | Ay [ As | Ay | Ay | As | Ay | Ay | Bs

'D: the discrimination index
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Figure 2. RAPD- PCR analysis of Amplification products of DNA from nine tilapia fish populations using primers
P, (OPAO03), P, (OPA04), P;(OPA-07) and P, (OPA10). Lane M: Molecular size (100 bp DNA ladder).
Lanes ZF, ZB, ZS, NF, NB, GF, GB, AF and AB represent fish samples from different locations.
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Figure 3. RAPD- PCR analysis of Amplification products of DNA from nine tilapia fish populations using primers
Ps (OPA-13), P4 (OPA-19), P, (OPB-10) and Pg (OPB-03). Lane M: Molecular size - marker (100 bp DNA ladder).
Lanes ZF, ZB, ZS, NF, NB, GF, GB, AF and AB represent fish samples from different locations.
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Figure 4. RAPD- PCR analysis of Amplification products of DNA from nine tilapia fish populations using primers
Py (OPC-11), P;o(OPC-13). Lane M: Molecular size - marker (100 bp DNA ladder). Lanes ZF, ZB, ZS, NF,
NB, GF, GB, AF and AB represent fish samples from different locations.
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Figure 5. A dendrogram constructed from the Pair wise comparisons of Jaccard's similarity coefficients calculated
based on 340 RAPD bands (311 polymorphic bands) using ten RAPD primers on each fish sample of all
fish samples.
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Figure 8. RAPD amplicons were clustered according to their presence or absence in the tilapia genomes. Clustering
was performed by using cluster as Tree View software, (Stanford University, USA), as described under
Materials and methods.
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to either ZB or AB. On the other hand, RAPD markers
found in both ZF and AF only were 10b31, 10b27,
10b22, 10b03, 10b47, 10b42, 10b39, and 10b32.
RAPD markers present in ZS and ZB but absent from
ZF are 9b39, 9b38, 9b36, 9b32, 9b28, 9b25, 9b23,
9b20, 9b15, 9b12, 9607, and 9b05 (Figure. 9D). RAPD
markers present in GB but absent in GF are 6b24, 6b12,
6b10, 6b08, 6b04 and 6b01, while RAPD markers
present in GF but absent in GB are 9b27, 9b21, 9b18,
9b17, 9b16, 9b13, 9b11, 9608, 9606, 9603, 9b02, 9b01,
9b33, 9b31, 9b24, 9b04, 9b40, 9b35, and 9b30 (Figure
8E). RAPD markers absent from ZS but present in ZF
and ZB are 7b18, 7b03, 7b21, 1b39, 1b05, 1b04, 1b48,
1b45, 1b44, 1b21, 1b07, 1b46, and 1b03 (Figure 8F).

4. Discussion

In this study, environments were chosen because
they differ in several major abiotic and biotic variables.
In order to demonstrate the differences between the
three environments, water quality parameters and
chlorophyll @ content were measured in each
environment.  There were significant differences
among the three investigated environments (Table 3).
Water temperature in Western Lagoon was
significantly higher than that of Ismailia freshwater
canal or Lake Timsah. This result is expected since
Western Lagoon represents a semi-closed water
ecosystem. The timing of reproduction of annually
spawning temperate fishes is thought to be controlled
by an endogenous cycle, which in turn entrained by
environmental cues (Barbieri, 1989), such as
temperature (Torrans and Lowell, 1985).

The high temperature might be the spawning cue
for most of tilapia species, and the low temperature is
not favorable to spawning. However, Adeogun et al
(2005) reported that water temperature exerted a lesser
influence on fish production than other water quality
parameters. Environmental factors have been proven to
play an important role in the occurrence, density and
growth of fishes in the early life stage (Porath et al.,
2005 and Person and Stenberg, 2006). Lagoons, which
receive drain water containing high concentration of
nutrients from land run-off support high productivity
than in the sea water (Lopes ef al., 2007). The use of
Lagoon's water as a nursery grounds has been reported
for many fish organisms including commercially
available tilapia fish (Niencheski and Johanke, 2002).
The Lake Timsah water receives little fresh water, and
is utilized as shellfish (Clams) nursery grounds. The
River Nile water is poor in nutrients and support few or
less productivity than Western Lagoon and Lake
Timsah.

Salinity is one of the environmental factors that
differs among the three investigated environments. The
salinity and dissolved oxygen in Lake Timsah were
significantly higher than those of Western Lagoon and
Ismailia fresh water canal. The distribution of tilapia
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species in the Suez Canal zone was positively
correlated with salinity and salinity associated factors
(Jana et al., 2006 and Sipauba—Tavares et al., 2000),
and the salinity of the surface water was one of the
primary factors that were positively correlated to the
aggregation, recruitment and commercial catches of
tilapia species in the Suez Canal zone. Chlorophyll a
in Western Lagoon or Lake Timsah was significantly
higher than that of Ismailia freshwater canal.
Therefore, it is conceivable the duration and abundance
of the tilapia species would be relatively short in
Ismailia freshwater canal. The Western Lagoon and
Lake Timsah receives high loads of domestic sewage
and industrial wastes, both are known to cause adverse
effects on growth and survival of fish larvae (Kumar,
2006; Sipauba-Tavares et al., 2006; Uddin, et al.,
2000).

RAPD analysis has been used effectively for initial
assessment of genetic variation among fish species
(Dinesh et al., 1993; Johnson et al., 1994; Foo et al.,
1995; Bielawski and Pumo, 1997; Caccone et al., 1997,
Barman et al., 2002; Ali, 2003; Ali et al., 2004). In this
study, the total number of sites amplified from the nine
tilapia samples by RAPD PCR using the ten primers
was 340.

RAPD analysis, therefore, proved to be a reliable
marker in small low-tech laboratories.For genome
mapping, AFLPs were highly superior to RAPDs
because of their better reproducibility (Kjolner et al.,
2004). Interestingly, only two RAPD primers (OPA-03
and OPA-19) were adequate to distinguish the nine
tilapia samples in this study.

The ability of the RAPD technique to reveal intra-
specific variation can be very useful. Evidence was
presented by Bardacki and Sibrinski (1994) that RAPD
markers might be useful for systematic investigation at
the level of species and subspecies. RAPD analysis was
applied to three species of the tilapia genus
Oreochromis and four subspecies of O. niloticus and
different RAPD fragment patterns were observed for
different species, although not always for different
subspecies. Hassanien et al. (2004) showed by using a
molecular phylogenetic tree that Manzallah and
Burullus populations of O. niloticus populations in
Egypt were strongly linked and separated from the
population of Assuit and Cairo populations, with Qena
population as an outgroup. Using of PCA to analyze
RAPD polymorphisms, the first three principal
components accounted for 72.04% of the total
variability. All nine tilapia samples were best resolved
by using the first three components.

The genetic documentation in this study covers
only a part of the data needed for better management of
tilapia species in Suez Canal zone. Further
documentation, both of natural and farm populations
need to be completed. For this purpose, collection of
samples from many additional locations should be
done. New populations, sampled must include tilapia
from fish farms and waters adjacent to the aquaculture
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farms. The results of this study will give a more
complete picture of the genetic resources of the four
tilapia species in Suez Canal zone, including the degree
of hybridization and introgression between natural and
farm population that have occurred. Recommendations
arising from these studies may include the maintenance
of populations in natural waters, reproduction and
population control, genetic improvement programs, and
better control of hybrid populations in the farms as well
as in the natural surroundings.
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