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Abstract 
         NADH dehydrogenase is a very important protein and is expressed by the mitochondrial 

NADH dehydrogenase gene (mtND2).  Dehydrogenase enzyme is used to remove hydrogen 
from its substrate, which is used in the cytochrome (hydrogen carrier) system in respiration to 

produce a net gain of ATP. Also, it reversibly catalyses the oxidation of NADH to NAD and 

reduced acceptor. The size of mtDN2 of Tilapia species and their hybrids is ~1050 base pairs 
and was detected by using the polymerase chain reaction technique. To identify the molecular 

phylogeny and the physical characteristics of mtND2 gene of Tilapia species were done by 

using the restriction fragment length polymorphisms (RFLPs) with some restriction 
endonucleases(AccI, AvaII, AvaI, StyI, Bg1I and EaeI). The PCR-RFLPs of NADH dehydro-

genase gene of Tilapia species and their hybrids may prove that the gene is quite evolution 

phylogenetic difference from one species to another. At the same time, This study investigated 

the feasibility of mitochondrial DNA (mtDNA) based approaches in addressing problems of 
identification of Tilapia species and their hybrids, isolated from the River Nile by using the 

PCR-RFLPs analysis of mtND2 gene.  
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Introduction 
         Tilapias are a group of 40-50 species 

of cichlid fish (genus Oreochromis, 

Sarotherodon and Tilapia) native to Africa, 
in particular Egypt. The significance of 

Tilapia for human culture predates their 

modern scientific investigation, e.g., 
Oreochromis niloticus, a geographically 

widespread Tilapia, was already known to 

the early Egyptian cultures and played a 
significant role in their lives, as indica -ted 

by their presence in ancient Egyptian art 

(Fryer and Iles, 1972). Tilapias continue to 

have great econo -mic importance because 
several species are an important source of 

protein in human diets, particularly in 

Egypt, and increasingly, through aquacul-
ture, worldwide (Pullin and Lowe-Mc 

Connell, 1982 and Trewavas, 1982). 

Widespread exploitation and aquaculture of 
Tilapia has lead to their introduction in all 

tropical regions around the globe, often 

adversely affecting the natural 

ichthyofauna. 
         The first genetic linkage map of the 

O. niloticus linked 162 microsatellite and 

AFLP markers (Kocher et al., 1998). The 

second generation map is based on an F2 

cross between O. niloticus and O. aureus, 
and contains over 500 microsatellite 

markers (Danley and Kocher, 2001). 

         Tilapia fish have received wide 
attention from evolutionary biologists for 

more than 100 years because of their 

extremely diverse morphology, behavior, 
and ecology (Fryer and Iles, 1972; Liem 

and Osse, 1975; Greenwood, 1978; 

Trewavas, 1983; Oliver, 1984; Meyer et al., 

1990; Keenleyside, 1991; Meyer, 1993; 
Meyer et al., 1994; Stiassny and Meyer, 

1999).  

         Phylogenies for Tilapia genera were 
inserted at positions suggested by Sodsuk 

(1993) and Schliewen et al. (1994), and 

Sturmbauer et al. (1994), respectively. 
Previous research on Tilapia focused on all 

aspects of their biology, including behavior, 

ecology, and evolutionary biology 

(Keenleyside, 1991). The recently gathered 
knowledge of Tilapia spp. phylogenetic 

relation -ships (e.g., Oliver, 1984; Stiassny, 
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1991; Kocher et al., 1993; Meyer, 1993; 

Zardoya et al., 1996; Kullander, 1998; 

Streelman et al., 1998 and Farias et al., 
1999) has permitted the study of the 

evolution of their diverse ecology and 

varied mating and parental care behaviors 

(Goodwin et al., 1998). Until quite recently, 
the investigation of phylogenetic 

relationships among cichlids was restricted 

to morphological characteristics (Stiassny, 
1991 and Kullander 1998). However, 

although Tilapias are a morphologically 

extrem -ely diverse group, there are only 

few morphological characteristics which 
can be used to examine the intrafamilial 

relationships (Stiassny, 1991). 

         The phylogenetic validity of the 
morphological criterion and the conseq-

uential subdivision of Tilapia fish have 

been repeatedly challenged during the last 
80 years (Regan, 1920; 1922; Greenwood, 

1978; Stiassny, 1991 and Kullander 1998). 

Even the Egyptian Tilapias are questioned 

by some modern scientists (Stiassny, 1991; 
Zardoya et al., 1996; Kullander, 1998 

Streelman et al., 1998; Farias et al., 1999; 

2000 and 2001). 
         Tilapias, by Stiassny’s definition, are 

a more reduced grouping, as compared with 

the taxonomic entity characterized by 
Tilapia-type apophysis by Regan (1920) 

and corresponds well with the traditional 

view of the genus Tilapia. Tilapia was split 

by Trewavas into several genera, including 
Tilapia, Oreochromis, and Sarotherodon 

(Trewavas, 1983). 

         It is known that dehydrogenase 
enzyme is used to remove hydrogen from 

its substrate, which is used in the cytoc-

hrome (hydrogen carrier) system in respira-

tion to produce a net gain of ATP. Also, it 
reversibly catalyses the oxidation of NADH 

(Nicotinamide Adenine Dinucleotide, redu-

ced form to NAD (Nicotinamide Adenine 
Dinucleotide) and reduced acceptor.  

         The present study determined the 

DNA PCR-RFLPs of the mitochondrial 
NADH dehydrogenase subunit 2 (ND2) 

genes from a representative collection of 

some Egyptian Tilapia to further examine 

behavioral and morphological hypotheses 
concerning the evolution of the Tilapia spp. 

This gene was previously analyzed by 

Kocher et al., (1995) in an effort to 

elucidate taxonomic relationships among 

the east African cichlids of Lakes Malawi 
and Tanganyika.  

 
Material And Methods 
Fish Collection: 

          Live Tilapia fish were fished from 
El-Tawfiqi Stream (a branch of the Nile 

river) and carried to the laboratory in 

Faculty of Science- Zagazig University- 
Benha- Egypt. By using the morphometric 

analysis and the meristic analysis, the 

Tilapia spp. were arduously identified into 

T. zillii (Tilapia), O. niloticus and O. aureus 
(Oreochromis), S. galilaeus (Sarotherodon) 

and two hybrids (H1 and H2; Azab, in 

press). The fish were killed and liver pieces 
were stored in the freezer until the DNA 

extraction started within one week. 

Total DNA content Extraction:  
         Total DNA was extracted from the  

liver of the Tilapia species ( T. zillii, O. 

niloticus, O. aureus and S. galilaeus) and 

their hybrids using the UNSET lysis 
solution (Hugo et al., 1992 and El-Serafy et 

al., in press). One μl of the total DNA 

content was checked by 0.8% gel 
electrophoresis for the presence of DNA, as 

in Figure 1. 

Detection and Amplification of ND2 gene    

         The mitochondrial NADH dehydro-
genase (ND2) gene was PCR amplified 

using published primers in the flanking 

methionine (‘‘ND2Met’’ 59-CATACCCC 
AAACATGTTGGT- 39, internal primer 

number 2, Kocher et al. 1995) and trypto-

phan (‘‘ND2Trp’’ 59- GTSGSTTTTCACT 
CCCGCTTA- 39, Kocher et al., 1995).  

         The standard polymerase chain reac-

tion program for amplification of nuclear 

srRNA was: 30-35 cycles; one minute, at 
94

0
C; two to three minutes, at 45

0
C; and 

three minutes, at 72
0
C (El-Serafy et al., in 

press). 

Production and Evaluation of the 

Mitochondrial ND2 gene RFLPs Profiles: 

          The enzymes were tested including 
AccI, AvaII (Boehringer Mannheim), AvaI, 

StyI (Sigma-Aldrich), Bg1I (Amersham, 

Life Science) and EaeI (Roche Applied 

Science), to distinguish the ND2 gene of  
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all Tilapia species and their hybrids. One 

microlitre (10-12 units) was used for each 

digestion reaction, together with 1.2 µl of 
the respective enzyme buffer for a final 

volume of 12.2 µl. The digestion was 

performed for ~3.5 h at ~37°C, and the 

digestion products were evaluated on 2% 
TBE-agarose gels and stained with 

ethidium bromide. Bands were detected 

upon ultraviolet transillumination and 
photographed. 

 

Results 
         Tilapia were identified by using 

morphometric and meristic analysis into 

four species and two hybrids. The genus 
Oreochromis included Oreochromis 

niloticus and Oreochromis aureus. The 

third species was Tilapia zillii and the 
fourth was Sarotherodon galilaeus. Another 

two individuals were identified as hybrids 

(H1 and H2). PCR-RFLPs tools were used 
in order to validate the evolution of mtND2 

of these species taking into consideration 

the morphometric and meristic analysis. 

Total genomic DNA (nDNA and mtDNA) 
was extracted from liver of Tilapia species 

(T. zillii, O. niloticus, O. aureus, S. galil-

aeus and their hybrids) and represented in 
Figure 1; lanes 1-6 represented T. zillii, O. 

niloticus, O. aureus,  S. galilaeus, H1 and 

H2 DNA genome, in that order. The sizes 
of the PCR products of the mtND2 gene 

were ~1050 bp (Figure 2). 

 AccI restriction endonuclease 

digested mtND2 gene of O. auraeus 
uniquely into two restriction patterns (~100 

and ~ 950 bp, lane 3; Figure 3 and Table 1) 

and did not react with the mtDN2 gene of 
the others and their hybrids (Figure 3 and 

Table 1). The mtDN2 gene of O. niloticus, 

O. aureus, H1 and H2 was digested with 

AvaI into two restriction fragments (~150 

and ~900 bp, lanes 2-3 and 5-6; Figure 4 

and Table 2), without digesting the same 

gene of T. zillii and S. galilaeus (lanes 1 
and 4; Figure 4 and Table 2). The 

restriction enzyme, AvaII fragmented 

mtDN2 gene of O. aureus, S. galilaeus, H1 

and H2 into same size of two restriction 
fragments (~350 and ~700 bp, lanes 3-6; 

Figure 5 and Table 3) whenever did not cut 

the mtDN2 gene of T. zillii and O. niloticus 
(lanes 1 and 2; Figure 5 and Table 3). O. 

niloticus, O. aureus and H2 of Tilapia 

species, their mtND2 gene cut into two 

bands (~150 and ~900 bp, lanes 2-3 and 6; 
Figure 6 and Table 4) when treated with 

Bg1I restriction endonuclease. The same 

restriction endonuclease undigested the 
genes of T. zillii, S. galilaeus and H1 (lanes 

1 and 4-5; Figure 6 and Table 4) . EaeI 

restriction enzyme differentiated the 
mtDN2 gene of T. zillii and S. galilaeus 

when digesting this gene into two 

restriction fragments (~50 and ~1000 bp, 

lanes 1 and 4; Figure 7and Table 5), 
whenever the same restriction endonuclease 

did not digest the same gene of the other 

species of Tilapia species (lanes 2-3 and 5-
6; Figure 7and Table 5). StyI restriction 

endonuclease digested and identified the 

mtND2 gene of Tilapia species and their 
hybrids into three groups (Figure 8 and 

Table 6). The restriction endonuclease, StyI 

gathered O. niloticus, H1 and H2 in a group 

when digesting their mtND2 gene into three 
fragment patterns (~50, ~100 and ~900 bp, 

lanes 2 and 5-6), mtND2 of T. zillii and O. 

aureus in another group with two restriction 
fragments (~50 and ~1000 bp, lanes 1 and 

3) while the same enzyme clustered the 

mtND2 of S. galilaeus in another different 

group with three different patterns (~50, 
~400 and ~600 bp, lane 4).

 

Table 1: Shows the length of mtND2 genes fragments, resulted from digestion with AccI 

enzyme in the six Tilapia species. 
 

Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~1050 ------ ------ 

O. niloticus ~1050 ------ ------ 

O. aureus ~100 ~ 950 ------ 

S. galilaeus ~1050 ------ ------ 

H1 ~1050 ------ ------ 

H2 ~1050 ------ ------ 
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Table 2: Shows the length of mtND2 genes fragments, resulted from digestion with AvaI 

enzyme in the six Tilapia species. 

 
Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~1050 ------ ------ 

O. niloticus ~150 ~900 ------ 

O. aureus ~150 ~900 ------ 

S. galilaeus ~1050 ------ ------ 

H1 ~150 ~900 ------ 

H2 ~150 ~900 ------ 

 

Table 3: Shows the length of mtND2 genes fragments, resulted from digestion with AvaII 

enzyme in the six Tilapia species. 

 
Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~1050 ------ ------ 

O. niloticus ~1050 ------ ------ 

O. aureus ~350 ~700 ------ 

S. galilaeus ~350 ~700 ------ 

H1 ~350 ~700 ------ 

H2 ~350 ~700 ------ 

 

Table 4: Shows the length of mtND2 genes fragments, resulted from digestion with Bg1I 

enzyme in the six Tilapia species. 
 

 

 

Table 5: Shows the length of mtND2 genes fragments, resulted from digestion with EaeI 

enzyme in the six Tilapia species. 

 
Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~50 ~1000 ------ 

O. niloticus ~1050 ------ ------ 

O. aureus ~1050 ------ ------ 

S. galilaeus ~50 ~1000 ------ 

H1 ~1050 ------ ------ 

H2 ~1050 ------ ------ 

 

Table 6: Shows the length of mtND2 genes fragments, resulted from digestion with StyI 

enzyme in the six Tilapia species. 

 
Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~50 ~1000 ------ 

O. niloticus ~50 ~100 ~900 

O. aureus ~50 ~1000 ------ 

S. galilaeus ~50 ~400 ~600 

H1 ~50 ~100 ~900 

H2 ~50 ~100 ~900 

Tilapia spp. Band 1 Band 2 Band 3 

T. zillii ~1050 ------ ------ 

O. niloticus ~150 ~900 ------ 

O. aureus ~150 ~900 ------ 

S. galilaeus ~1050 ------ ------ 

H1 ~1050 ------ ------ 

H2 ~150 ~900 ------ 
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Figure 1: DNA genome from Tilapia spp.. 

Lane M is the 1 kb DNA ladder. Lanes 1 – 
6 represent the DNA genome of T. zillii, O. 

niloticus, O. auraeus, S. galilaeus, H1 and 

H2 respectively.  

Figure 2: Symbolized full-segment mtND2 
(~1050 bp) of Tilapia spp.. Lane M is the 1 

kb DNA ladder. Lanes 1 – 6 represent 

srDNA of T. zillii, O. niloticus, O. aureus, 
S. galilaeus, H1 and H2 respectively. 

Figure 3: shows AccI restriction enzyme 

digested the mtND2 of O. aureus uniquely 

into two different band sizes (~100 and 
~950 bp, lane 3) whereas T. zillii, O. 

niloticus, S. galilaeus, H1 and H2 genes 

were not digested at all by this restriction 
enzyme (lanes 1, 2 and 4-6). 

Figure 4: shows the representative RFLPs 

patterns from Tilapia spp. with AvaI 
restriction endonuclease, which produced 

roughly the same fragments (two bands) 

with O. niloticus, O. aureus, H1 and H2 

(~150 and ~900 bp, lanes 2-3 and 5-6) 
whereas T. zillii and S. galilaeus genes were 

not digested at all by this restriction enzyme 

(lanes 1and 4). 
Figure 5: shows AvaII restriction enzyme 

digested the mtND2 of O. aureus, S. 

galilaeus, H1 and H2 to two different band 
sizes (~350 and ~700 bp, lanes 3-6) 

whereas T. zillii and O. niloticus genes were 

not digested at all by this restriction enzyme 

(lanes 1and 2). 
Figure 6: shows the representative RFLPs 

patterns from O. niloticus, O. aureus and 

H2 (two bands; ~150 and 900 bp; lanes 2, 3 
and 6);  T. zillii, S. galilaeus and H1 were 

not digested at all (lanes 1, 4 and 5) with 

Bg1I restriction endonuclease. 

Figure 7: shows EaeI restriction enzyme 
digested the mtND2 of Tilapia zillii and S. 

galilaeus into two restriction fragments 

(~50 and ~1000 bp; lanes 1 and 4) whereas, 
O. niloticus, O. aureus, H1and H2 mtND2 

genes were not digested at all by this 

restriction enzyme (lanes 2, 3, 5 and 6).  
Figure 8: shows StyI restriction enzyme 

digested the mtDN2 of O. niloticus, S. 

galilaeus, H1 and H2 to three different 

band sizes (~50, ~100 and ~900 bp, lanes 2, 
4, 5 and 6) whereas T. zillii and O. aureus 

mtDN2 genes cut into two restriction 

patterns ( ~50 and ~1000 bp; lanes 1and 3). 

Discussion 
         Differences in rates of evolution 
between and within mtND2 gene regions 

have important implications for phylogeny 

reconstruction and understanding the 

morphological, physiological, behavioral 
and ecological characteristics of the 

organisms specially Tilapia species (Fryer 

and Iles, 1972; Liem and Osse, 1975; 
Greenwood, 1978; Trewavas, 1983; Oliver, 

1984; Meyer et al., 1990; Keenleyside, 

1991; Meyer, 1993; Meyer et al., 1994 and 

Stiassny and Meyer, 1999).  
         These differences have been well 

documented for several gene regions 

(Holmquist et al., 1983; Li and Graur, 1991 
and El-Serafy et al., in press). Ideally, 

differences in rates of evolution within and 

between gene regions would be reflected in 
phylogenetic weighting schemes by giving 

more weight to relatively conserved sites 

and substitution types which occur less 

frequently, thus emphasizing sites and 
changes with a lower probability of 

homoplasy. 

         Comparisons of the evolution of 
mitochondrial gene regions (Jacobs et al., 

1988; Li and Graur, 1991; Mindell and 

Thacker, 1996 and Russo et al., 1996) 
suggest considerable variation in rates of 

change within and between gene regions. 

Comparisons of widely divergent taxa 

suggest differences in the rate and mode of 
evolution of NADH dehydrogenase subunit 

2 (ND2) between the different species 

(Jacobs et al., 1988; Meyer, 1994 and 
Russo et al., 1996). It is important to 

determine whether or not these differences 

in constraints are evident at all taxonomic 

levels and whether these differences cause 
sequences of the mtND2 gene regions to be 

phylogenetically incongruent (Johnson and 

Sorenson, 1998). 
         Englander and Moav, 1989; Wright, 

1989; Franck et al., 1992; Seyoum and 

Kornfield, 1992; Agnese et al., 1997; 
Rognon et al., 1996; Farias et al., 1999 and 

El-Serafy et al., (in press) used restriction 

fragment length polymorphisms of nuclear 
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and mitochondrial DNA PCR products 

(RFLPs\PCR) as a basis for examining 

relationships among Tilapia spp. and 
finding out if the species is 

monophylogenetic or polyphylogenetic 

species and discovering specific enzymes to 

identify individual subspecies. 
         The present study clarified the 

evolution phylogeny of the NADH 

dehydrogenease gene (mtND2) of the 
Tilapia species in Egypt by using 

PCR/RFLPs technique. Uniquely, AccI 

restriction endonuclease differentiated 

mtND2 of the O. auraeus of the Tilapia 
species. Thus, mtND2 gene of O. auraeus 

is polyphylogenetic relationship when 

compared with the other species gene and 
differ than the others in the sequence. Also, 

mtND2 of O. niloticus, O. auraeus, H1 and 

H2 is evolutional phylogeneric difference 
with T. zillii and S. galilaus, when reacted 

with AvaI restriction enzyme. The  

evolution phylogeny of mtND2 of O. 

auraeus, S. galilaeus, H1 and H2 is 
different than the gene of T. zillii and O. 

niloticus when their gene fragmented with 

AvaII restriction enzyme. The ristriction 
endonuclease Bg1I differentiated the 

mtND2 gene of Tilapia species into two 

groups ; O. niloticus, O. auraeus and H2 as 
a group and T. zillii, S. galilaeus and H1 as 

a group. While EaeI restriction enzyme 

differentiated the gene of T. zillii and S. 

galilaeus without cutting in the gene of the 
rest of Tilapia species gene. StyI restriction 

endonuclease clustered the mtND2 gene of 

Tilapia species, evolution phylogenetically, 
to three clusters when grouped the gene of 

O. niloticus, H1 and H2 in one group, the 

gene of T. zillii and O. auraeus in another 

and the mtND2 gene of S. galilaeus only in 
a separate group. 

         The PCR-RFLPs of NADH dehydro-

genase gene of Tilapia species and their 
hybrids may prove that the gene is quite 

evolution phylogenetic difference from one 

species to another. At the same time, This 
study investigated the feasibility of mitoch-

ondrial DNA (mtDNA) based approaches in 

addressing problems of identification of 

Tilapia species and their hybrids, isolated 
from the River Nile by using the PCR-

RFLPs analysis of mtND2 gene.  
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العلاقات التطىرية لجين إنزيم الناده ديهيذروجينيز الخاص بالميتىكنذريا 

 فً أسماك البلطً المصري
 

 محمذ حسين عىاد
 فصع ثْٖب –عبٍعخ اىطقبضيق  –مييخ اىعيً٘  –قػٌ عيٌ اىحي٘اُ 

  

ثخ فٚ إُ أغَبك اىجيطٚ رعزجص ٍِ إٌٔ أّ٘اع الأغَبك عيٚ الإطلاق اىزٚ رعيش فٚ اىَيبٓ اىعس         

ٗىٖسا فإّٖب رػتزدرً فتٚ اىزيسيتخ ٗفتٚ ٍغتبتد اقزصتبذيخ عريترح ّدتصا ىغت٘ذح ىحٍٖ٘تب ٍٗعتره , ٍصص

 .رنبصصٕب اىػصيع

ٕسٓ الأغتَبك ٕتٚ أغتَبك اىجيطتٚ اىزتٚ رزَيتط عتِ ايصٕتب ثتبىزْ٘ع إىتٚ ذشعتخ مجيتصح ٍَتب ذفتع         

بئص ٍَيتطح ىنتو ّت٘ع ٍْٖتب اىجبحضيِ إىٚ اىجحش فٚ رَييط ٕسٓ الأّ٘اع ثعضٖب ٍِ ثعض ٗإيغبذ خص

, ّييت٘رينع الأٗشٗمصٍٗتبظىسا فقر اغزٖرفذ اىرشاغخ الأشثعخ أّ٘اع اىصئيػيخ ٕٗتٌ . عِ اىْ٘ع الآخص

اىٖغتيِ )ٍٗعٌٖ اصْتيِ ٍتِ اىٖغتِ  ضيييٚ ٗاىزيلاثيب عبىييي٘ظ اىػبشٗصيصٗذُٗ, أٗشيب الأٗشٗمصٍٗبظ

ع ثبىطصق اىزقييريخ ٕٗٚ رحريتر اىصتتبد ٗزىل ثعر اىزعصف ٗاىزَييط عيٚ ٕسٓ الأّ٘ا(  2ٗ اىٖغيِ  1

 .اىَ٘شفٍ٘زصيخ ٗاىصتبد اىَيصيػزَيخ

يٖترف ٕتسا اىجحتش ذشاغتخ اىعلاقتبد اىزط٘شيتتخ ىيغتيِ اىتسٙ يْتزظ إّتطيٌ اىْتبذٓ ذيٖيتترشٗعيْيط  

حيتتش أُ ٕتتسا الإّتتطيٌ ٗثبتمتتزصاك ٍتتع , اىدتتبب ثبىَيز٘مْتترشيب ٕتتٚ ٕتتسٓ الأغتتَبك ٗزىتتل لإَٔيزتتٔ

قخ ٗمتسىل رنت٘يِ الأذّتيِ صلاصتٚ اىت٘غتتبد ٗزىتل ٍتِ ختلاه عَييتخ متصيجع اىػيز٘مصًٗ ة يْزظ اىطب

ٗعيئ اغزدرٍذ رقْيخ اىزيبيص فٚ ط٘ه اىقطع اىَحترذح . . ٗثبىزبىٚ عَييخ اىزْتع ىيدييخ ٗاىنبئِ اىحٚ

ٗاىتسٙ يدزيتح حػتت , ىغيِ اىْبذٓ ذيٖيترشٗعيْيط اىدتبب ثبىَيز٘مْترشيب ىاّت٘اع اىػتذ غتبىتخ اىتسمص

 .يْزَٚ اىئ اىنبئِ اىحٚاىطصاض اىسٙ 

إّتطيٌ اىْتبذٓ ذيٖيترشٗعيْيط اىدتبب ٗقر رٌ عِ طصيتق اىتتصذ أٗ اىتصتو اىنٖصثتٚ اغتزدلاب عيْتبد 

إّتتتطيٌ اىْتتتبذٓ ٗقتتتر ٗعتتتر أُ ٍتتت٘شس . ثطصيقتتتخ اىزتتتتبعلاد اىَززبثعتتتخ لإّتتتطيٌ اىجيَتتتصح ثبىَيز٘مْتتترشيب

ٍتِ أضٗاط اىق٘اعتر  1151ىغَيتع اىعتطتد عجتبشح عتِ حت٘اىٚ  ذيٖيرشٗعيْيط اىدتبب ثبىَيز٘مْترشيب

 .اىْيزصٗعيْيخ

ٕتٚ اىزتٚ قتر  الأٗشٗمصٍٗتبظ أٗشيتبأُ غتلاىخ عتْع  AccIٗقر ٗعر أّٔ عْتر ٕضتٌ اىغتيِ ثتإّطيَٚ 

ٍتِ    051ٗ  111حت٘اىٚ )ٕضٌ ٗىٌ رقطع عيْبد ثتبقٚ اىػتلاتد ٗمتسىل ٕغتٌْٖ  أعطتذ قطعزتبُ 

اىدتتبب ثبىَيز٘مْتترشيب ىػتتَنخ  ٗعيتتٚ ٕتتسا فتتإُ عتتيِ إّتتصيٌ اىْتتبذٓ ذيٖيتترشٗعيْيط(. أضٗاط اىق٘اعتتر

ىٔ صتبد رط٘شيخ خبصتخ ٍٗدزيتتخ عتِ عيْتبد الأّت٘اع الأختصٙ ٍتِ أغتَبك الأٗشٗمصٍٗبظ أٗشيب 

 .اىجيطٚ

 عتبىييي٘ظ اىػتبشٗصيصٗذُٗمسىل فإُ عيِ إّصيٌ اىْبذٓ ذيٖيرشٗعيْيط اىدتبب ثبىَيز٘مْترشيب ىْت٘عٚ  

حيتش أُ إّتطيٌ . َٖب ٍٗدزيتخ عِ ثيقٚ الأّ٘اعىَٖب علاقبد رط٘شيخ ٍزشبثٖخ فيَب ثيْ ٗاىزيلاثيب ضيييٚ

, الأٗشٗمصٍٗتتبظ أٗشيتتب, الأٗشٗمصٍٗتتبظ ّييتت٘رينع)قتتر قطتتع عتتيِ الأّتت٘اع الأشثتتع  AvaIاىقطتتع 

ٗىتتٌ يٖضتتٌ اىغتتيِ ( ٍتتِ أضٗاط اىق٘اعتتر 011ٗ  151حتت٘اىٚ )إىتتٚ قطعزتتيِ ( 2ٗاىٖغتتيِ  1اىٖغتتيِ 

 .اىػبشٗصيصٗذُٗ عبىييي٘ظ ٗاىزيلاثيب ضيييٚىْ٘عٚ 

ذشاغتتخ اىعلاقتتبد اىزط٘شيتتخ ىغتتيِ إّتتطيٌ اىْتتبذٓ ذيٖيتترشٗعيْيط اىدتتبب ثبىَيز٘مْتترشيب ىنتتو ٕتتسٓ ٗعْتتر 

ٗعتتر أُ ْٕتتبك  AvaIIالأّتت٘اع ٍتتِ الأغتتَبك عتتِ طصيتتق ٕضتتٌ عيْتتبد ٕتتسٓ الأغتتَبك ثتتإّطيٌ اىقطتتع 

 1اىٖغتتيِ , اىػتتبشٗصيصٗذُٗ عتتبىييي٘ظ, الأٗشٗمصٍٗتتبظ أٗشيتتبعلاقتتبد رط٘شيتتخ ٍزشتتبثٖخ لأّتت٘اع 

اىزيلاثيتتتتب ضيييتتتتٚ ثبىَقبشّتتتتخ عتتتتِ ّتتتت٘عٚ  ( ٍتتتتِ أضٗاط اىق٘اعتتتتر 711ٗ  351٘اىٚ حتتتت)2ٗاىٖغتتتتيِ 
 .AvaIIحيش ىٌ يٖضٌ عيَْٖب ثإّطيٌ اىقطع  ٗالأٗشٗمصٍٗبظ ّيي٘رينع
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قر رجيِ أُ ْٕبك علاقبد رط٘شيخ ٍزشبثٖخ ثيِ عيِ إّطيٌ اىْبذٓ ذيٖيرشٗعيْيط اىدبب ثبىَيز٘مْترشيب 

( 2ٗ اىٖغتتيِ  الأٗشٗمصٍٗتتبظ أٗشيتب, ٗمصٍٗتبظ ّييت٘رينعالأٗش)ىتضلاس أّت٘اع ٍتتِ أغتَبك اىجيطتتٚ 

ٍتِ  011ٗ  151حت٘اىٚ )ٗأعطتٚ قطعزتيِ  Bg1Iٕضَذ عيْبد ٕتسٓ الأغتَبك ثتإّطيٌ اىقطتع  عيِ

عتيِ إّتطيٌ اىْتتبذٓ ذيٖيترشٗعيْيط اىدتبب ثبىَيز٘مْتترشيب ٗىتٌ يتت صص ٕتسا الإّتطيٌ عيتتٚ ( أضٗاط اىق٘اعتر

 .ىيضلاصخ الأّ٘اع الأخصٙ

عْتر ٕضتَٔ ىغتيِ إّتطيٌ اىْتبذٓ ذيٖيترشٗعيْيط اىدتبب ثبىَيز٘مْترشيب  EaeIاىقطتع ىقر أٗضت  إّتطيٌ 

ٗ  اىزيلاثيتتب ضيييتتٚلأغتتَبك اىجيطتتٚ أُ ْٕتتبك علاقتتبد رط٘شيتتخ ٍزشتتبثٖخ ٗاضتتحخ ثتتيِ عتتيِ ّتت٘عٚ 
ٍتتِ  1111ٗ  51حتت٘اىٚ )حيتتش قطتتع إّتتطيٌ اىقطتتع عيَْٖتتب إىتتٚ قطعزتتيِ  اىػتبشٗصيصٗذُٗ عتتبىييي٘ظ

عيِ إّطيٌ اىْبذٓ ذيٖيرشٗعيْيط اىدبب ثبىَيز٘مْرشيب ىاّت٘اع ٕسا الإّطيٌ  ٗىٌ يٖضٌ( أضٗاط اىق٘اعر

 .الأخصٙ

ىغتتتيِ إّتتتطيٌ اىْتتتبذٓ ذيٖيتتترشٗعيْيط اىدتتتبب قتتتر قػتتتٌ اىعلاقتتتبد اىزط٘شيتتتخ  StyIإُ إّتتتطيٌ اىقطتتتع   

ثبىَيز٘مْتترشيب لأغتتَبك اىجيطتتٚ إىتتٚ صلاصتتخ ٍغَ٘عتتبد ٗرضتتٌ متتو ٍغَ٘عتتخ عيتتٚ علاقتتبد رط٘شيتتخ 

 اىزيلاثيتب ضيييتٚ ٗ الأٗشٗمصٍٗتبظ أٗشيتبرضٌ اىَغَ٘عخ الأٗىتٚ أغتَبك . سٓ الأفصاذٍزشبثٖخ ىغيِ ٕ

ٗرضتٌ اىَغَ٘عتخ اىضبّيتخ ( ٍتِ أضٗاط اىق٘اعتر 1111ٗ  51حت٘اىٚ )حيش ٕضٌ عيَْٖب إىٚ قطعزيِ 

ح٘اىٚ )حيش ٕضٌ عيٌْٖ إىٚ صلاس قطع    2ٗاىٖغيِ  1اىٖغيِ , الأٗشٗمصٍٗبظ ّيي٘رينع أغَبك

 اىػتتبشٗصيصٗذُٗ عتتبىييي٘ظضتتٌ ٗأٍتتب اىَغَ٘عتتخ اىضبىضتتخ فز(  ٍتتِ أضٗاط اىق٘اعتتر 011ٗ  111,  51

 (.ٍِ أضٗاط اىق٘اعر 611ٗ 411,   51ح٘اىٚ )حيش ٕضٌ عيْٖب إىٚ صلاس قطع 

ىغتيِ إّتطيٌ اىْتبذٓ ذيٖيترشٗعيْيط اىدتبب ثبىَيز٘مْترشيب لأغتَبك ٗعيٚ ٕسا فتإُ اىعلاقتبد اىزط٘شيتخ 

مَتب يجتترٗ أيضتب أُ اىزيتبيص فتٚ طتت٘ه . أٍٗزعترذح اىصتتبد اىغيْيتٔشثَتب رنتُ٘ ٗاحترح الأصتتو اىجيطتٚ 

يَنتتِ اغتتزدرأٍ مَتترخو  ىغتتيِ إّتتطيٌ اىْتتبذٓ ذيٖيتترشٗعيْيط اىدتتبب ثبىَيز٘مْتترشيباىقطعتتخ اىَحتترذح 

 .ىيزعصف عيٚ اىدصبئص اىَعقرح ىٖسٓ الأغَبك

٘شح ر٘ضيحيخ عَتب أيضب يَنِ اىق٘ه أّٔ ٍِ اىَعزقر أُ اغزدراً طصق اىجي٘ى٘عيب اىغطيئيخ يعطٚ ص

عيِ إّتطيٌ اىْتبذٓ ذيٖيترشٗعيْيط اىدتبب ثبىَيز٘مْترشيب لأغتَبك اىجيطتٚ ٍزشتبثٖخ فتٚ اىشتنو إزا مبُ 

رصتْيتيخ أمضتص ذقتخ عتِ  ٗاىزصميت أً ٍدزيتخ ٗمسىل يَنِ ٍِ خلاه ذشاغخ ٕسا اىغيِ إعطبء ص٘شح

 .اغزدراً اىشنو اىزصميجٚ فٚ ٕسٓ اىرشاغبد


