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INTRODUCTION  

 

Fish production play a great role in the nutritional foods of the human because of its high 

source polyunsaturated fatty acids (PUFAs) especially omega-3, omega-6, vitamins and 

minerals, and relatively low caloric content. These properties could limit atherosclerosis 

and thrombosis. Also, fishs have different minerals,i.e iron (Fe), Calcium (Ca), Zinc (Zn), 

Phosphorus (P), Selenium (Se), Fluorine (F) and Iodine (I). These minerals are with high  
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Mullet species. 

Molecular markers were used as indicators in assessing the genetic diversity 

of a fish, they allow for direct observation of genetic information and estimation 

of genetic relationships between the population and species. In the present study, 

eleven  SCoT primers and ten ISSR primers were used to estimate the genetic 

diversity among the four mullet species namely Mugil cephalus, Liza ramada, 

Liza grana, and Valamugil seheli collected from four different  Egypt 

governorates Alexandria, Ismailia, Port Said and Damietta. The two markers  

SCoT and ISSR successfully amplified amplicons with a total number of 176 and 

132 of which 153 and 111 were polymorphic, representing a percentage of 

polymorphism of 86.9% and 84.1% polymorphic amplicons/ primer, 

respectively. The similarity indices ranged from 0.47 to 0.84, 054 to 0.92   and 

0.52 to 0.86  for SCoT, ISSR and combined, respectively. Cluster analysis based 

on similarity matrices of SCoT, ISSR and combined dendrograms revealed some 

similarities; for example, the grouping of the Mugile cephallus (Alexandria, 

Ismailia and Port Said) together and the grouping Valamugil seheli (Ismailia and 

Damietta)  based on the three dendrograms. Also, Liza ramada, Liza 

garana (Damietta) and Mugile cephallus ( Damietta) were clustered together 

based on the three dendrograms. From gene sequencing and NCBI Blast analysis 

identified of gene location in fish genomes. The NCBI blast tool was used to align 

our gene with the NCBI database and it revealed that this sequence is highly 

similar to a sequence located on fish species called Dicentrarchus labrax (the 

European bass). Also, the sequence is located on Chr1 near a gene called “Type II 

keratin E3”. 
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         bioavailability; they can easily be absorbed by the body (Pal et al., 2018). Mullet 

(Family: Mugilidae) are very important fish, which are cultured in many countries, due to 

their high quality flesh, superior growth and wide salinity and temperature tolerance. The 

family Mugilidae currently comprises 20 genera and 74 species (Eschmeyer and Fong, 

2016) The world fish production is 178.5 million tons, only 156.4 million tons are used 

for human consumption and remaining are used as the non-food purpose and discarded as 

waste material (FAO, 2018).The family has approximately 26 genera. As of 2017, there 

are 20 genera and 75 valid species within the order of Mugiliformes in the world. Species 

identification is uncertain in some parts of the world with morphological methods 

(Labastida et al., 2015). So aquaculture outputs are needed many aspects to be increased 

in order to meet the rising demands for fish in the coming years. Biotechnology can 

provide the means to increase the intensity and capacity of the operation (Sabry et al., 

2015). Molecular markers are useful tools for assessing the genetic diversity for 

individuals, populations and species. The genetic diversity data have varied applications 

in research on evolution, conservation and management of natural resources and the 

genetic improvement programms (Frankham et al.2004; Mahrous et al., 2011). Al-

Soudy (2018) studied the genetic diversity, relationships and population structure of sixty 

Egyptian camels derived from four breeds using ISSR (inter simple sequence repeat) and 

SCoT (Start codon targeted marker) primers. The results of the genetic relationship based 

on both markers (microsatellites and SCoT) confirmed the close relationship between the 

two breeds. The molecular markers research has made wide possible genetic 

characterization and biodiversity studies in fish populations (Sugama et al., 2012; El-

Tarras et al., 2017). Different molecular markers have been used for studying the genetic 

diversity for fish such as Inter Simple Sequence Repeat (ISSR), SCoT and barcoding. 

Moreover, the molecular markers were used to identify sex‐associated genomic regions 

(Luzio et al., 2015; Ibraheem et al., 2018). The sequence targets of ISSR are available 

in a eukaryotic genome, thus its revealed a much higher number of polymorphic 

fragments per primer than the RAPD markers (Esselman, 1999). ISSRs markers are  very 

useful  tools for  population differentiation  because of its  longer length of the primer, 

highly reproducibility and easy quick  handle (Bornet and Branchard, 2001).It has been 

widely used to detect intraspecific polymorphisms in different species  such as chickpea 

and Grevillea (Pharmawati et al., 2004). ISSR marker is the most accurate tool for 

assessing genetic variation. Furthermore, the ISSR marker does not need to DNA 

sequence information of the species (Maheswaran, 2004). Newly, genetic diversity has 

been evaluated  using the SCoT (start codon targeted marker) among female fish in early 

development stages (Ibrahim, 2018). Start Codon Targeted (SCoT) polymorphism has 

been developed as a new functional marker system depended on the short conserved 

region flanking the ATG start codon. SCoT markers are generally highly reproducible, 

targeted marker and could be used for genetic diversity searches, quantitative trait loci 

(QTLs) mapping and bulk segregation analysis (Nolte et al., 2005; Mehta and Sahani., 
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2014).The microsatellite markers are targeting repetitive sequences, while the SCoT 

markers were employed to target the polymorphism in sequences near the genes (Penedo 

et al., 1999; Nouairia et al., 2015). The SCoT Polymorphism technique is similar to 

RAPD  (Randomly Amplified Polymorphic) DNA and ISSR (Inter Simple Sequence 

Repeat) because it uses a single forward and reverses primer. So the SCoT markers are 

expected to be linked to functional genes and corresponding traits, (Bhattacharyya et al., 

2013). Studying the evolution and phylogenetic relationships of the aquatic organism 

including fish species were created by analysis of partial sequencing of certain 

mitochondrial genes such as12s rRNA, 16s rRNA, COI, D-Loop and cytochrome 

b.(Carvalho and Hauser, 1994; Healey et al., 2017) and concerning mullet fishes 

among some Mugilidae fishes (Abudefduf vaigiensis, Labracinus cyclophthalmus and 

Oryzias latipes  (Durand et al., 2012). Saad et al. (2019) studied the sequencing of 

Sox14 gene to identify the molecular variations among three mullet fishs (M. seheli, L. 

carinata and M. cephalus) comparatively with COI barcoding system. The complete 

phylogenetic position of teleost fishes can be done by using the sequenced genomes in a 

large mitogenomic context for the whole genome (Martin et al., 2017). The present 

study was focused on the molecular variability among the four Mullet species (M. 

cephalus, L.ramada,V. seheli, L.grana) using two molecular markers (SCoT and ISSR). 

Also, to assess the genetic relationship  among the four genotypes. In addition, to identify 

the unique markers related to some species traits which can differentiate among the 

studied genotypes by bioinformatics tools. 

 

MATERIALS AND METHODS  

 

Materials: 

Sixteen samples of Mullet fish species (four replicates for each species) used in the 

present investigation(  Mugil cephalus, Liza ramada, Liza grana and Valamugil seheli ) 

were collected from four different  locations which be: Alexandria, Ismailia, Port Said 

and Damietta. 

Methods                                                                   

DNA extraction and purification 

DNA extraction and purification was carried out according to DNeasy Kit (Qiagen). 

DNA concentration 

The concentration of genomic DNA was estimated by comparing the size and intensity of 

each sample band with those of a sizing standard marker. The DNA samples was diluted 

(l:5) (2 μl of DNA + 8ul dd. H2O). The DNA samples were loaded on 1% agarose gel in 

comparison to 10 µl of a DNA size marker (lambda DNA Hind III digest Phi X 

174/HaeIII digest). To estimate DNA concentration, compare the degree of fluorescence 

of the DNA sample with the different bands in the DNA size marker. 
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To detect the genetic variability among the four fish species by eleven  SCoT markers( 

Table 1). The analysis reaction  was conducted according  to Collard and Mackill 

(2009). 

The amplification reaction was carried out in 25 μl reaction volume containing 1X PCR 

buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 1 μM primer, 1 U Taq DNA polymerase and 30 

ng templates DNA. PCR amplification was performed in a Perkin-Elmer/GeneAmp® 

PCR System 9700 (PE Applied Biosystems). The thermocycling profile was as follows: 

an initial primary denaturation cycle at 94 °C for 3 min; followed by 35 cycles of 94
°
C/50 

s, 50
°
C/1 min and 72

°
C/2 min; the final extension at 72

°
C/5 min.The PCR products were 

resolved on 1.5% agarose gel electrophoresis in 1X TBE buffer, stained with ethidium 

bromide (0.5 mg/mL) and visualized under UV light. 

2- ISSR -PCR Reactions: 

A set of ten ISSR primers (Table 2) was used in the detection of polymorphism among 

four fish  species according to Hills et al. (1996).The amplification reaction was carried 

out in 25 μl reaction volume containing 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 

1 μM primer, 1 U Taq DNA polymerase and 40 ng templates DNA. PCR amplification 

was performed in a Perkin-Elmer/GeneAmp® PCR System 9700 (PE Applied 

Biosystems) programmed to fulfill 35 cycles after an initial denaturation cycle for 5 min 

at 94ºC. Each cycle consisted of a denaturation step at 94ºC for 1 min, an annealing step 

at 50ºC for 1 min, and an elongation step at 72ºC for 1 min. The primer extension 

segment was extended to 7 min at 72ºC in the final cycle. PCR products were visualized 

using the same procedure as in SCoT. 

 

 

Table (1): The sequence of the eleven and names of SCoT primers used to detect  

                 the genetic variability among the four Mullet fish species. 

No. Primer name  Sequence  

1 SCoT-2 5'- ACCATGGCTACCACCGGC -3' 

2 SCoT-3 5'- ACGACATGGCGACCCACA -3' 

3 SCoT-4 5'- ACCATGGCTACCACCGCA -3' 

4 SCoT-5 5'- CAATGGCTACCACTAGCG -3' 

5 SCoT-11 5'- ACAATGGCTACCACTACC -3' 

6 SCoT-12 5'- CAACAATGGCTACCACCG -3' 

7 SCoT-13 5'- ACCATGGCTACCACGGCA -3' 

8 SCoT-14 5'- ACCATGGCTACCAGCGCG -3' 

9 SCoT-16 5'- CCATGGCTACCACCGGCA -3' 

10 SCoT-20 5'- CAACAATGGCTACCACGC -3' 

11 SCoT-22 5'- CCATGGCTACCACCGCAC -3' 
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Table(2) : Primers code, nucletiode sequence  of the eleven, names of  ISSR   primers used to 

detect the genetic variability among the four Mullet fish species. 

 

 

 

 

 

 

 

Data Analysis for SCOT and ISSR markers: 

   The banding patterns generated by SCoT and ISSR markers were compared to 

determine the genetic relationships among the four Mullet fish species. Clear and distinct 

amplification products were scored as (1) for present and (0) for absent bands for all 

samples. Bands of the same mobility were scored as identical. SCoT and ISSR banding 

patterns were compared to determine the genetic relationships among the different 

species, using Phortix nonlinear dynamics (UK) software Version 10. 

 3- DNA sequencing for SCOT 5' products : 

Purification of PCR Products: 

PCR products of SCoT  were purified using EZ-10 spin column PCR products 

purification. PCR reaction mixture was transferred to 1.5 ml microfuge tube and three 

volumes was added in binding buffer 1 after that the mixture solution was transferred to 

the EZ-10 column and let it stand at room temperature for 2 minutes after that centrifuge, 

750 ul of wash solution was added to the column and centrifuge at 10.000 rpm for two 

minutes, repeated washing, 10.000 rpm was spine for an additional minute to remove any 

residual wash solution. The column was transferred into a clean 1.5 ml microfuge tube 

and adds 50 ul of elution buffer, incubated at room temperature for 2 minutes and when 

store purified DNA at -20°C. 

Fragment SCoT sequencing analysis: 

The purified fragment DNA was sent to Microgen Company, Germany, for  sequencing. 

The sequences were analyzed using the BLAST program (http://www.ncbi.nlm. 

nih.gov/BLAST).Sequences were aligned using Align Sequences Nucleotide BLAST and 

Sequences were aligned with MEGA5 program 

Primer code Sequence 

ISSR- 1 5'-AGAGAGAGAGAGAGAGYC-3' 
ISSR- 2 5'-AGAGAGAGAGAGAGAGYG-3' 
ISSR- 4 5'-ACACACACACACACACYG-3' 
ISSR- 8 5'-AGACAGACAGACAGACGC-3' 

ISSR- 10 5'-GACAGACAGACAGACAAT-3' 
ISSR- 14 5'-CTCCTCCTCCTCCTCTT-3' 
ISSR- 15 5'-CTCTCTCTCTCTCTCTRG-3' 

ISSR- 16 5'-TCTCTCTCTCTCTCTCA-3' 
ISSR- 18 5'-HVHCACACACACACACAT-3' 
ISSR- 19 5'-HVHTCCTCCTCCTCCTCC-3' 
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Mullet fish species (four replicates for each species) used in the present investigation 

(Mugil cephalus, Liza ramada, Liza grana and Valamugil seheli ) were collected from 

four different  Egypt governorates Alexandria, Ismailia, Port Said and Damietta. 

 

Methods                                                                   

DNA extraction and purification 

DNA extraction and purification was carried out according to DNeasy Kit (Qiagen). 

Estimation for the DNA concentration 

The concentration of genomic DNA was estimated by comparing the size and 

intensity of each sample band with those of a sizing standard marker. The DNA samples was 

diluted (l:5) (2 μl of DNA + 8ul dd. H2O). The DNA samples were loaded on 1% agarose 

gel in comparison to 10 µl of a DNA size marker (lambda DNA Hind III digest Phi X 

174/HaeIII digest). To estimate DNA concentration, compare the degree of fluorescence of 

the DNA sample with the different bands in the DNA size marker. 

                 1- SCoT-PCR Reactions 

To detect the genetic variability among the four fish species by eleven  SCoT markers 

(Table 1). The   analysis reaction  was described in detail in according  to Collard and 

Mackill (2009). The amplification reaction was carried out in 25 μl reaction volume 

containing 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 1 μM primer, 1 U Taq DNA 

polymerase and 30 ng templates DNA. PCR amplification was performed in a Perkin-

Elmer/GeneAmp® PCR System 9700 (PE Applied Biosystems). The thermocycling 

profile was as follows: an initial primary denaturation cycle at 94 °C for 3 min; followed 

by 35 cycles of 94
°
C/50 s, 50

°
C/1 min and 72

°
C/2 min; the final extension at 72

°
C/5 

min.The PCR products were resolved on 1.5% agarose gel electrophoresis in 1X TBE 

buffer, stained with ethidium bromide (0.5 mg/mL) and visualized under UV light 

  

Table 1. The sequence of the eleven and names of SCoT primers used to detect  

                 the genetic variability among the four Mullet fish species. 
No. Primer name  Sequence  

1 SCoT-2 5'- ACCATGGCTACCACCGGC -3' 

2 SCoT-3 5'- ACGACATGGCGACCCACA -3' 

3 SCoT-4 5'- ACCATGGCTACCACCGCA -3' 

4 SCoT-5 5'- CAATGGCTACCACTAGCG -3' 

5 SCoT-11 5'- ACAATGGCTACCACTACC -3' 

6 SCoT-12 5'- CAACAATGGCTACCACCG -3' 

7 SCoT-13 5'- ACCATGGCTACCACGGCA -3' 

8 SCoT-14 5'- ACCATGGCTACCAGCGCG -3' 

9 SCoT-16 5'- CCATGGCTACCACCGGCA -3' 

10 SCoT-20 5'- CAACAATGGCTACCACGC -3' 

11 SCoT-22 5'- CCATGGCTACCACCGCAC -3' 
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2- ISSR -PCR Reactions: 

Aset of ten ISSR primers (Table 2) was used in the detection of polymorphism among 

four fish  species according to Hills et al. (1996). The amplification reaction was carried 

out in 25 μl reaction volume containing 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 

1 μM primer, 1 U Taq DNA polymerase and 40 ng templates DNA. PCR amplification 

was performed in a Perkin-Elmer/GeneAmp® PCR System 9700 (PE Applied 

Biosystems) programmed to fulfill 35 cycles after an initial denaturation cycle for 5 min 

at 94ºC. Each cycle consisted of a denaturation step at 94ºC for 1 min, an annealing step 

at 50ºC for 1 min, and an elongation step at 72ºC for 1 min. The primer extension 

segment was extended to 7 min at 72ºC in the final cycle. PCR products were visualized 

using the same procedure as in SCoT. 

Table 2. Primers code, nucletiode sequence  and annealing tamprature of the eleven, names of  

ISSR   primers used to detect the genetic variability among the four Mullet fish species. 

Primer code  Sequence  

ISSR- 1 5'-AGAGAGAGAGAGAGAGYC-3' 
ISSR- 2 5'-AGAGAGAGAGAGAGAGYG-3' 
ISSR- 4 5'-ACACACACACACACACYG-3' 
ISSR- 8 5'-AGACAGACAGACAGACGC-3' 

ISSR- 10 5'-GACAGACAGACAGACAAT-3' 
ISSR- 14 5'-CTCCTCCTCCTCCTCTT-3' 
ISSR- 15 5'-CTCTCTCTCTCTCTCTRG-3' 

ISSR- 16 5'-TCTCTCTCTCTCTCTCA-3' 
ISSR- 18 5'-HVHCACACACACACACAT-3' 
ISSR- 19 5'-HVHTCCTCCTCCTCCTCC-3' 

Data Analysis for SCOT and ISSR markers: 

   The banding patterns generated by SCoT and ISSR markers were compared to 

determine the genetic relationships among the four Mullet fish species. Clear and distinct 

amplification products were scored as (1) for present and (0) for absent bands for all 

samples. Bands of the same mobility were scored as identical. SCoT and ISSR banding 

patterns were compared to determine the genetic relationships among the different 

species, using Phortix nonlinear dynamics (UK) software Version 10. 

3- DNA sequencing for band 3' SCOT 5': 

Purification of PCR Products: 

Amplified products for all PCR were purified using EZ-10 spin column PCR products 

purification PCR reaction mixture was transferred to 1.5 ml microfuge tube and three 

volumes was added of binding buffer 1 after that the mixture solution was transferred to 

the EZ-10 column and let it stand at room temperature for 2 minutes after that centrifuge, 

750 ul of wash solution was added to the column and centrifuge at 10.000rpm for two 

minutes, repeated washing, 10.000 rpm was spine for an additional minute to remove any 
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residual wash solution. The column was transferred into a clean 1.5 ml microfuge tube 

and adds 50 ul of elution buffer, incubated at room temperature for 2 minutes and when 

store purified DNA at -20°C.  

Fragment SCoT sequencing analysis: 

The purified fragment DNA was sent to Microgen Company, Germany, for  sequencing. 

The sequences were analyzed using the BLAST program (http://www.ncbi. nlm. 

nih.gov/BLAST).Sequences were aligned using Align Sequences Nucleotide BLAST and 

Sequences were aligned with MEGA5 program. 

RESULTS  

Assessment of the genetic diversity and relationship among the four mullet species 

by molecular markers :  

The molecular markers research has made wide possible to genetic characterization and 

biodiversity studies in fish populations (El-Tarras et al., 2017). Many properties can be 

obtained with different molecular marker platforms uses including reliability, 

reproducibility, coverage, cost and automation (Agrawal et al., 2008). 

(1) Genetic relationships as revealed by by SCoT markers 

     In the present study, eleven SCoT and ten ISSR markers were used to assess the 

genetic diversity among the four mullet species. As shown in table (3) the total number of 

DNA generated by eleven SCoT primers was 176 with an average of 16 

amplicons/primer. The highest number of amplicon was 21generated by SCoT-16 and the 

lowest number was 13 generated by SCoT-2.The total number of polymorphic amplicons 

was 153 with an average 13.9 / primer. The polymorphic amplicons ranged from 12 to 21 

amplicons. Therefore, the eleven SCoT primers expressed different levels of 

polymorphism, ranging from 75% with the primer SCoT-20 to 100 % with the primer 

SCoT-16. The molecular size of amplified fragments varied all eleven SCoT primers, 

ranging from 100 to 1,500 bp (Fig. 1). 

(2) Genetic relationships as revealed by ISSR markers: 

   The polymorphic among the four species was investigated using the ten ISSR primers 

(Table 4). Fig. (2) shows the ISSR profiles amplified with the ten ISSR primers. The 

total number of DNA fragments amplified  generated   by ten ISSR primers was 132 

with an average of 13.2 amplicons / primer. The ISSR profiles amplified by the 

different primers contained multiple bands ranging from 10 with ISSR 8 to 17 with 

ISSR 14   amplicons. The total number of polymorphic amplicons that generated   by 

ten primers 111 amplicons with an average of 11.1. The polymorphic amplicons was 

ranged from 7 with ISSR 8  to 15 with ISSR 14. The highest number of amplicons was 

17 amplicons generated by primer ISSR-14, and the lowest number was 10 amplicons 
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generated by primer ISSR -8. Therefore, all ten ISSR primers expressed different levels 

of polymorphism, ranged from 70% with the primer ISSR -8 to 100 % with the primer 

ISSR-16 with an average of 83.5 %. In addition, the highest percentage (100%) of 

polymorphism was exhibited by ISSR-16 primer. The molecular size of amplified 

fragments varied   in all ten ISSR primers, ranging from 100 to 1,500  bp (Fig. 2). 

 

Fig. 1. SCoT profiles of the four mullet species as revealed by SCoT primers. lane. 1.5.9.13    

Mugile  cephlus  (Alexanderia, Ismailia, Port Said, Damietta) respectively, 2.6.10.14   Liza 

ramada ( Alexanderia,Ismailia, Port Said, Damietta) respectively.,3.7.11.15 valamugil  sehili 

(Alexanderia, Ismailia, Port Said, Damietta) respectively. and 4.8.12.16    Liza  garana    ( 

Alexanderia,Ismailia, Port Said,Damietta) respectively. M=1 Kb marker. 

Table 3. Total number of amplicons, monomorphic amplicons, polymorphic amplicons  and 

percentage of polymorphic as revealed by SCoT markers among the four mullet species. 

Primer code  Total number 
of amplicons  

Monomorphic 
amplicons  

Polymorphic 
amplicons 

      % polymorphic 

SCoT  2 

SCoT  3 

SCoT  4 

SCoT  5 

SCoT 11 

SCoT 12 

SCoT 13 

SCoT 14 

SCoT 16 

SCoT 20 

SCoT 22 

Total 

 average 

 

13 

15 

15 

17 

15 

16 

15 

18 

21 

16 

15 

176 

16 

0 

2 

2 

4 

2 

2 

2 

2 

0 

4 

3 

23 

2.09 

13 

13 

13 

13 

13 

14 

13 

16 

21 

12 

12 

153 

13.9 

100 

86.7 

86.7 

76.5 

86.7 

87.5 

86.7 

88.9 

100 

75.0 

80 
86.9 
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Fig. 2. ISSR profiles of the four mullet species as revealed by ISSR. Lane: 1.5.9.13    Mugile  

cephlus  ( Alexanderia,Ismailia, Port Said,Damietta) respectively, 2.6.10.14   Liza ramada ( 

Alexanderia,Ismailia, Port Said,Damietta) respectively.,3.7.11.15    valamugil  sehili ( 

Alexanderia,Ismailia, Port Said,Damietta) respectively.and 4.8.12.16    Liza  garana    ( 

Alexanderia,Ismailia, Port Said,Damietta) respectively. M=1 Kb marker. 

Table 4. Primer code,total number of amplicons, monomorphic amplicons, polymorphic 

amplicons and  percentage of polymorphic as revealed by ISSR marker among the mullet 

species. 
Primer 

code 

Total number of 

amplicons 

Monomorphic 

amplicons 

Polymorphic 

amplicons 

% polymorphic 

ISSR 1 

ISSR 4 

ISSR 8 

ISSR 10 

ISSR 14 

ISSR 15 

ISSR  2 

ISSR 16 

ISSR 18 

ISSR 19 

Total 

average 

14 

16 

10 

14 

17 

13 

13 

11 

11 

13 

132 

13.2 

1 

3 

3 

3 

2 

2 

2 

0 

3 

2 

21 

2.1 

13 

13 

7 

11 

15 

11 

11 

11 

8 

11 

111 

11.1 

92.9 

81.3 

70.0 

78.6 

88.2 

84.6 

84.6 

100 

72.7 

84.6 

84.1 

 
  

In this respect,  Ibrahim et al., (2018) used ISSR and SCoT markers to sex sequences 

determination of an early age of fish.  The total number of amplicons generated by the 

SCoT and ISSR markers was 575 and 190 amplicons, respectively. Marie and Allam 

(2017) used twelve  Start Codon Targeted (SCoT) markers for studying the genetic 

diversity and relationships among three species of Red Sea fishes, carangids, 

(Carangoides bajad, Caranx sexfasciatus and Caranx melampygus). 
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A total of 325 fragments were generated by the twelve SCoT primers in the three species. 

192 amplicons generated in the two species (Carangoides bajad and Caranx 

sexfasciatus), out of these amplicons 98 (51%) were common between the two species, 

while 248 amplicons were in the two species (Carangoides bajad and Caranx 

melampygus), out of the 162 (65%) were common between the two species, 210 

amplicons were generated by the Twelve primers and only 98 (47%) amplicons of them 

were common between the two species (Caranx sexfasciatus and Caranx melampygus). 

Also, Luzio et al. (2015) stated that the ISSR marker could use for screening and 

identification of potential sex-associated sequences in Danio rerio. All 100 ISSR primers 

on both bulks by PCR were tested, confirmed the differences in all individual samples of 

male or female. Obtained a total of 516 bands, with an average 8.32 bands per ISSR 

primer. A total of 36 reproducible bands were obtained by five primers, of which nine 

were polymorphic (25%). When used these five primers to generate profiles of 50 

individuals, did not produce a predominant band in individuals of the same sex. 

Moreover, Sabry et al., (2015), who reported that three ISSR and six RAPD markers are 

useful tools to determining molecular characterization of seven popular Saudi fish 

species, Morgan (Nemipteru sjaponicus), Mousa (Solea solea), Hamor (Greasy grouper), 

Shour (Lethrinus lentjan), Dennis (Caranxsex fasciatus), Harid (Scarus arabicus) and 

Black surgeon (Acanthurus gahhm).These markers generated  187 distinct bands 89.4% 

bands were considered as polymorphic and 10.6% were considered as monomorphic 

bands. 

(3) Genotype identification by unique SCoT and ISSR markers: 

Unique markers are bands that define specifically an individual/samples from the others, 

by their presence or absence. Positive unique markers (PUM) for the bands that are 

present in one species but not found in the others, in contrast the negative unique markers 

(NUM) are called for the bands that absent in a specific genotype. The genotype could be 

identified by these bands.  

As shown in tables (5 and 6) the SCoT and ISSR markers permitted the identification of 

the four species of mullet fish genotypes by unique positive and negative markers. The 

total number of unique markers produced by SCoT and ISSR primers was 23 and 21 

positive respectively. All species showed a positive unique marker. Among the four 

spesies two species were characterized by 2 negative unique  markers. Mugile cephallus 

collected from Ismailia exhibited one negative unique marker by SCoT- 22 primer,  

while, Liza grana collected from Port Said and Damietta was distinguished by two 

negative unique markers one by SCoT-11 primer  and ISSR-8, respectively. In addition, 

Valamugil.seheli was characterized by the highest number of unique positive (14) by 

SCoT and (12) by ISSR markers.  

In this respect,  Marie and Allam (2017) reported that several amplified fragments were 

clearly distinguishable bands from the total number of polymorphic and appearance of 

unique bands marker between the three fish species (Carangoides bajad, Caranx 
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sexfasciatus and Caranx melampygus). Ibrahim et al, (2018) detected About 33 SCoT 

and 30 ISSR markers for S. aegyptiaca species were unique bands for this species at the 

male and female levels, gender specific markers for S.aegyptiaca.  and for S.vulgari were 

detected by ISSR-15590, ISSR-71410, ISSR-9550, and about 11 SCoT and 15 ISSR PCR-

bands were unique for this species. Moreover, SCoT-3740, SCoT-24740, SCoT-21800 and 

SCoT-21482, ISSR-9300, ISSR-9850 ISSR-10300, ISSR-14400, ISSR-14500 and ISSR-14950 

were gender specific markers for S. vulgaris. Also,  Abou-Gabl et al.  (2018) stated that, 

the both unique and polymorphic RAPD markers can be used to differentiate for the 

mullet species. 

(4) Genetic relationships and cluster analysis as revealed by SCOT markers:      

 The estimated similarities among the four species ranged from 0.47 between Liza grana 

(Damietta)   and  Mugile cephallus (Alexandria )  to 0.84 between Liza grana (Damietta) 

and Liza ramada (Damietta). The highest genetic similarity was (0.84) between Liza 

grana (Damietta) and Liza ramada (Damietta).This was followed by 0.83 between Liza  

garana    (Damietta) and  Mugile cephallus (Damietta). The UPGMA clustering analysis 

was carried out in order to represent the genetic distances among the 4 mullet species 

(Fig. 3). 

 

Table 5. Genotypes characterized by unique positive and / or negative SCoT markers, marker 

size and total number of bands identifying  each genotype.   

                           Unique positive Unique negative 
Species 

 
Primer Name 

 
Size of 

Band  

 

Total Marker 

numberof / 

species 
 

Primer 

Name 
 

Size of 

Band 
Total of 

number

/ species 
 

Grand 

Total 

 

Mugil.cephalus SCoT-5 

SCoT-11 

SCoT-13 

SCoT-22 

190 

370 

560 

740&520 

 

5 

SCoT-22 

 

180 1 6 

Liza. Ramada SCoT-3 

SCoT-4 

SCoT-20 

290&150 

260 

600 

 

4 

 4 

Valamugil.seheli SCoT-2 SCoT-4 

SCoT-12 

SCoT-14 

SCoT-16 

 

 

920 

840 

700&460 

430&330&3

00&190 

&170&1109

70& 

420 

 

 

12 

  

 

12 

 

Liza. grana 

 

SCoT-14 

SCoT-12 
220 

1050 

2 

 

SCoT-11 250 1 3 

Total  23   2 25 
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Table (6): Genotypes characterized by unique positive and / or negative ISSR markers, 

marker size and total number of bands identifying  each genotype 

Unique positive Unique negative 
Species Primer Name Size of Band Total 

number 

of band/ 

species 

Primer 

Name 

Size of 

Band 

Total 

number of 

band/ 

species 

Grand 

Total 

 

Mugil.cephalus ISSR-8 1118 1  
 

1 

Liza. Ramada 

 

ISSR-1 

ISSR-10 

 

1046&434 

947 

3   

 

3 

Valamugil.sehel

i 

 

ISSR-1 

ISSR-4 

ISSR-10 
ISSR-14 

ISSR-15 

ISSR-2 
ISSR-16 ISSR-18 

ISSR-19 

460 

198 

202 
881,678,225 

555,222,204 

251 
1118&523 

607 

288 

 

 

 
 

14 

 
 

 

 
 

 

  

 

 
 

14 

 

Liza. grana ISSR-4 
ISSR-8 

ISSR -11 

194 
396 

809 

 
 

3 

 

 
 

ISSR-8 

 
 

420 

 
 

1 

 
 

4 

 

Total  21   1 22 

 

The Phylogenetic tree grouped the four mullet species into two main clusters. 

The first cluster was divided into two subclusters. The first subcluster contained 

Mugile cephallus  (Alexandria, Ismailia  and Port Said), while  the second subcluster 

included  Valamugil seheli   (Ismalia and Damietta ).The second cluster was divided 

into two subclusters. Valamugil seheli (Alexandria) was separated from the other 

remaining (10) genotypes. On the other hand, the second subcluster was divided into 

two groups. Liza ramada (Alexandria) was separated into one group. While, the 

second group was divided into two subgroups. the first subgroup was divided into two 

classes,the first one contains  Liza grana  (Ismalia) and Liza ramada (Port Said). 

Meanwhile, the second class contains Valamugil seheli (Port Said) and Liza grana 

(Ismalia). The second subgroup was divided into two classes, Liza ramada   (Ismalia) 

was separated in one class.While the second class  included  Liza grana (Alexandria), 

Mugile cephallus (Damietta), Liza ramada (Damietta) and   liza garana (Damietta). 

Liza ramada (Damietta) and   liza garana  (Damietta)  were clustered together. 
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Table 7. Genetic similarity matrix computed from ISSR data for the four mullet species 

Speies(1.5.9.13 Mugile  cephlus  ( Alexanderia, Ismailia, Port Said, Damietta), 2.6.10.14   Liza ramada 

(Alexanderia,Ismailia, Port Said, Damietta). 3.7.11.15  valamugil  sehili (Alexanderia, Ismailia, Port Said, 

Damietta) and 4.8.12.16 Liza garana (Alexanderia, Ismailia, Port Said, Damietta) 

 
Fig. 3. Dendrogram revealing the genetic relationships among the four mullet species based on the genetic 

similarity computed from SCoT data using the UPGMA algorithm. 1.5.9.13 Mugile  cephlus (Alexanderia, 

Ismailia, Port Said, Damietta), 2.6.10.14 Liza ramada (Alexanderia, Ismailia, Port Said, Damietta), 

3.7.11.15 valamugil sehili (Alexanderia, Ismailia, Port Said, Damietta) and 4.8.12.16  Liza  garana 

(Alexanderia, Ismailia, Port Said, Damietta). 

            (5) Genetic relationships and cluster analysis as revealed by ISSR markers: 

     Table (8) showed the genetic similarity by the ISSR marker among the four mullet 

species. The genetic similarity ranged from 0.54 to 0.92. The highest genetic similarity 

revealed by ISSR analysis (0.92) was among Mugile cephallus (Dimmiate) and 

Liza.ramada( Dimmiate).While, the lowest (0.54) was among the Mugile 

Speies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 1 

               2 0.69 1 

              3 0.53 0.53 1 

             4 0.47 0.55 0.67 1 

            5 0.70 0.56 0.56 0.52 1 

           6 0.56 0.63 0.61 0.79 0.58 1 

          7 0.62 0.56 0.60 0.63 0.63 0.70 1 

         8 0.60 0.73 0.61 0.70 0.59 0.76 0.62 1 

        9 0.72 0.62 0.52 0.54 0.77 0.62 0.64 0.65 1 

       10 0.59 0.63 0.59 0.70 0.60 0.72 0.68 0.77 0.65 1 

      11 0.54 0.60 0.61 0.78 0.56 0.77 0.65 0.71 0.58 0.79 1 

     12 0.54 0.68 0.54 0.66 0.52 0.71 0.54 0.76 0.60 0.75 0.81 1 

    13 0.55 0.57 0.63 0.77 0.61 0.70 0.62 0.68 0.58 0.75 0.80 0.71 1 

   14 0.50 0.60 0.66 0.80 0.58 0.77 0.60 0.76 0.57 0.78 0.81 0.76 0.81 1 

  15 0.62 0.57 0.60 0.62 0.65 0.62 0.71 0.65 0.63 0.65 0.63 0.59 0.67 0.59 1 

 
16 0.52 0.63 0.64 0.80 0.63 0.74 0.64 0.79 0.61 0.79 0.78 0.71 0.83 0.84 0.68 1 



15              Molecular characterization of four Mullet species based on SCoT and ISSR markers 
 

 

 

cephallus(Alexandria) and Liza garana  (Damietta). The genetic relationships among the 

four mullet species were estimated by the UPGMA cluster analysis to generate a 

dendrogram (Fig. 4). The dendrogram revealed that  Valamugil sehili (Alexandria) was 

separated from the other remaining (15) genotypes in one cluster.The other cluster was 

divided into  two main subclusters, the first  subcluster was divided into two groups, 

Liza ramada (Alexandria ) was separated from one group, while the other group 

collecting Mugile cephallus (Alexandria, Ismailia  and Port Said). On the other hand, 

the second subcluster was divided into two groups, the first group contains  Valamugil 

seheli  (Ismailia  and Damietta ),and the second group was divided into two subgroups, 

one containing  Liza.ramada and Liza.grana (Ismailia), and the other subgroup was 

divided into two classes. Liza grana (Damietta ) separated in one class  while, the 6 

remaining genotypes  in the other class, Liza grana and Liza ramada ( Port Said) 

clustered together. Meanwhile, Liza garana (Alexandria), Valamugil seheli  ( Port Said), 

Mugile cephallus (Damietta ) and Liza ramada (Damietta ) were grouped together. 

 

Table 8. Genetic similarity matrix computed from ISSR data for the four mullet species. 

species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 1 

               2 0.69 1 

              3 0.55 0.56 1 

             4 0.57 0.70 0.68 1 

            5 0.72 0.65 0.66 0.67 1 

           6 0.55 0.68 0.59 0.78 0.65 1 

          7 0.63 0.65 0.55 0.64 0.67 0.75 1 

         8 0.55 0.61 0.55 0.71 0.56 0.82 0.68 1 

        9 0.76 0.71 0.64 0.75 0.80 0.65 0.72 0.63 1 

       10 0.61 0.71 0.60 0.83 0.66 0.81 0.66 0.79 0.76 1 

      11 0.58 0.67 0.61 0.83 0.64 0.79 0.65 0.75 0.67 0.80 1 

     12 0.62 0.70 0.63 0.78 0.69 0.78 0.69 0.74 0.71 0.83 0.82 1 

    13 0.61 0.63 0.68 0.82 0.63 0.76 0.60 0.72 0.69 0.79 0.89 0.81 1 

   14 0.59 0.65 0.65 0.83 0.63 0.76 0.62 0.72 0.69 0.80 0.85 0.81 0.92 1 

  15 0.57 0.57 0.62 0.68 0.67 0.64 0.67 0.59 0.66 0.63 0.71 0.62 0.69 0.69 1 

 16 0.54 0.62 0.61 0.76 0.67 0.76 0.63 0.70 0.69 0.75 0.79 0.80 0.81 0.85 0.69 1 

Speies (1.5.9.13 Mugile  cephlus ( Alexanderia, Ismailia, Port Said, Damietta), 2.6.10.14   Liza ramada (Alexanderia, Ismailia, Port 

Said, Damietta) ,3.7.11.15 valamugil sehili (Alexanderia, Ismailia, Port Said, Damietta) and 4.8.12.16 Liza  garana (Alexanderia, 

Ismailia, Port Said, Damietta) 
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Fig. 4. Dendrogram revealing the genetic relationships among the four mullet species based on the 

genetic similarity computed   from ISSR data using the UPGMA algorithm. 1.5.9.13  Mugile  cephlus 

(Alexanderia, Ismailia, Port Said, Damietta), 6.10.14 Liza ramada (Alexanderia, Ismailia, Port Said, 

Damietta), 3.7.11.15 valamugil  sehili (Alexanderia, Ismailia, Port Said, Damietta) and 4.8.12.16  Liza  

garana  (Alexanderia, Ismailia, Port Said, Damietta). 

 

(6) Genetic relationships and cluster analysis as revealed by the combined of SCoT 

and ISSR markers. 

In the present study, eleven SCoT primers, and ten ISSR primers were used to 

characterize the four  mullet species. The genetic similarity by combined SCoT and ISSR 

markers among four mullet species ranged from 0.52 to 0.86 (Table 9).The highest 

genetic similarity (0.86)  revealed by the combined marker  analysis was among Liza 

ramada(Damietta) and   Mugile cephallus (Damietta).While, the lowest similarity (0.52) 

was among the Liza garana (Alexandria) and Mugile cephallus (Alexandria). The 

dendrogram was based on the combined data  from SCoT  and ISSR  markers which 

separated the Valamugil seheli (Alexandria) genotype from all the other remaining 

genotypes.The cluster containing 16 genotypes was divided into  two main subclusters 

one of these subclusters was divided into two groups. Liza ramada  (Alexandria)  

separated in  one group  while, the second group containing Mugile cephallus species 

(Alexandria,, Ismailia and  Port Said). The second subcluster was divided into two 

groups, the first group  contains Valamugil seheli (Ismailia and Damietta).While,  the 

second group  was divided into two subgroups, the first subgroub containing Liza  garana 

and Liza ramada (Ismailia ).The second subgroup was  divided into two classes, the first 

class contains Liza  garana and Liza ramada  ( Port Said ), the secondr class included the 

5 remaining genotypes, Liza grana (Alexandria) Valamugil seheli (Port Said), Liza grana 

(Damietta),  Mugile cephallus (Damietta)  and Liza ramada (Damietta). 

 

 



17              Molecular characterization of four Mullet species based on SCoT and ISSR markers 
 

 

 

Table 9. Genetic similarity matrix computed from combined SCoT and ISSR  data for the four 

mullet species. 

Speies(1.5.9.13 Mugile  cephlus ( Alexanderia,Ismailia, Port Said,Damietta), 2.6.10.14   Liza ramada ( Alexanderia,Ismailia, Port Said 

Damietta).,3.7.11.15   valamugil  sehili (Alexanderia,Ismailia, Port Said,Damietta) and 4.8.12.16  Liza  garana (Alexanderia, Ismaili, Port 

Said, Damietta) 
 

 

 
Fig. 5. Dendrogram revealing the genetic relationships among the four mullet  species based on the genetic 

similarity computed from SCoT  and ISSR marker data using the UPGMA algorithm. 1.5.9.13  Mugile  

cephlus (Alexanderia, Ismailia, Port  Said, Damietta), 2.6.10.14 Liza ramada (Alexanderia,Ismailia, Port 

Said, Damietta), 3.7.11.15 valamugil sehili (Alexanderia, Ismailia, Port Said, Damietta) and 4.8.12.16    

Liza  garana  (Alexanderia, Ismailia, Port Said, Damietta). 

 

In this respect,  Ibrahim et al, (2018) used SCoT and ISSR analysis; to constructed 

the phylogenetic dendrogram to differentiate between the two different sole species (S. 

aegyptiaca and S. vulgaris). The phylogenetic tree was divided into two clusters. One 

cluster includes  samples 1 to 10 belongs to S. aegyptiaca which has been divided into 

five sub clusters, where sample 1was clustered in one branch. The other cluster includes 

samples 11 to 20, which belongs to S. vulgaris. This cluster has been divided into four 

sub-clusters.  Marie and Allam (2017) carried out cluster analysis to the estimation of 

the relationship between the red sea fish species. Concluded that the lowest genetic 

similarity 47 was obtained between Caranx sexfasciatus and Caranx melampygus also 

these two species belong to the same genus Caranx, while the highest value 65 observed 

species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 1 

               2 0.69 1 

              3 0.54 0.54 1 

             4 0.52 0.61 0.67 1 

            5 0.71 0.60 0.60 0.58 1 

           6 0.56 0.66 0.60 0.79 0.61 1 

          7 0.62 0.60 0.58 0.63 0.65 0.72 1 

         8 0.58 0.68 0.58 0.70 0.58 0.79 0.65 1 

        9 0.73 0.66 0.57 0.62 0.78 0.63 0.68 0.65 1 

       10 0.60 0.67 0.59 0.75 0.62 0.76 0.67 0.78 0.69 1 

      11 0.56 0.63 0.61 0.80 0.60 0.78 0.65 0.73 0.62 0.80 1 

     12 0.58 0.69 0.58 0.71 0.60 0.74 0.61 0.75 0.65 0.78 0.81 1 

    13 0.58 0.60 0.65 0.79 0.62 0.73 0.61 0.70 0.63 0.77 0.85 0.76 1 

   14 0.54 0.62 0.65 0.81 0.60 0.76 0.61 0.74 0.62 0.79 0.83 0.78 0.86 1 

  15 0.60 0.57 0.61 0.65 0.66 0.63 0.69 0.62 0.64 0.64 0.67 0.60 0.68 0.64 1 

 16 0.53 0.62 0.63 0.78 0.65 0.75 0.63 0.75 0.64 0.77 0.79 0.75 0.82 0.84 0.68 1 
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between Carangoides bajad and Caranx melampygus. They found that  the least genetic 

distance was produced in Carangoides Bajad and Caranx melampygus.So genus 

Carangoides is genetically closer and show similarity with the genus Caranx which gave 

the possibility to combine all these species into one genus. Al-Soudy et al. (2018) 

reported that the genetic similarity among the four Egyptian camel breeds ranged from 

0.70 (between Baladi and Maghrabi) to 0.93 (between Sudani and Somali). Using SCoT 

and ISSR analysis dataset for clustering algorithm. Four Egyptian camel breeds were 

clustered into 2 main clusters.Maghrabi was separated from the other breeds in a separate 

cluster. While, the second cluster was comprised of two groups, Baladi was in one group 

while, Sudani and Somali formed the second group. Elizabeth et al. (2015) determined 

that highly polymorphic between lionfish population resulted by use ISSR markers. The 

genetic profile of individuals in Mexico was compared with the genetic profile of 

specimens from Cuba. Nei's genetic distance and the unrooted tree do not show 

significant differences between both localities. 

In the present investigation, the dendrograms revealed some similarities; for 

example, the grouping of the Mugile cephallus (Alexandria, Ismailia and Port Said) was 

clustered together in SCoT, ISSR, and combined dendrograms and the grouping 

Valamugil seheli (Ismailia and Damietta)  based on the three dendrograms. Also, Liza 

ramada, Liza garana (Damietta) and Mugile cephallus ( Damietta) were clustered together 

based on the three dendrograms.  

Sequence analysis using Bioinformatics tools. 

A total of five DNA fragments were characterized, isolated, purified, DNA sequencing 

was performed in Macrogen Company, Germany. Then, the sequence analysis was 

performed by blasting with the available sequences of the National Center for 

Biotechnology Information (NCBI) (http://www.NCBI.nlm.nih.gov/). The aligment of 

the nucleotide sequence of the five fragment from SCOT primers (11.5) and ISSR 

(1,8,15).   only one fragment revealed sequence  Fig. (6) that fasta format and contain 

333 bases.  The blasting  revealed that this sequence is highly similar to a sequence 

located on fish species called Dicentrarchus labrax (the European bass), which is a 

primarily ocean-going fish native to the waters off Europe's western and southern and 

Africa's northern coasts, though it can also be found in shallow coastal waters and river 

mouths during the summer months. Additionally, the sequence is located on Chr1 near 

gene called “Type II keratin E3” (Figure 7and 8). Keratins I and II form the largest 

subgroups of mammalian intermediate filament (IF) proteins and account as obligatory 

heteropolymers for the keratin filaments of epithelia. All human type I genes except for 

the K18 gene are clustered on chromosome 17q21, while all type II genes form a cluster 

on chromosome 12q13, that ends with the type I gene K18. Highly related keratin gene 

clusters are found in rat and mouse. Since fish seem to lack a keratin II cluster we 

screened the recently established draft genomes of a bird (chicken) and an amphibian 

(Xenopus). The results show that keratin I and II gene clusters are a feature of all 

http://www.ncbi.nlm.nih.gov/
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terrestrial vertebrates. Because hair with its multiple hair keratins and inner root sheath 

keratins is a mammalian acquisition, the keratin gene clusters of chicken and Xenopus 

tropicalis have only about half the number of genes found in mammals (Zimek and 

Weber, 2005). Also, Shibuya et al, 2019) found that the mucus keratins of fugu 

Takifugu rubripes function as antimicrobial molecules. They  suggest that fugu mucus 

keratin sequesters microbes into insoluble clumps, which are eventually eliminated from 

the mucus. Here, they present our finding of the novel function of keratin as a defense 

molecule in fish mucus. 

>191002-039_E24_SC_SC.ab1 333 

GGCATTACTTGTATGACCCTACTATTTTCCCGCTTTGAGACTTTGATATAACGTTTG

GATTACGTTACGATAGGATTGTGTACCGCTTTCTAATCA 

GCATGCCGCAACGTCTTAATACCGCCAAGTAGCGTCTCTAGCCAATTGAGACTGCT

CAATCGACAAAATACGCTATTTGTTGCTATGACAACGAAGCGAAGTGCCTATTAGG

TAACGGAATACACTGCTATGTGTACGACTTCTACATTTGGTTACTTCAAATACAAAA

CTGCTTAATATGTTAGAAAACCACAATGTGTACTACGTGTGATGGTCGTGGTAGCC

ATTGTTGAGTTG 

Fig. 6. The nucleotide sequences for fragment SCoT -5. 

                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. The alignment of the amplified of the full nucleotides sequence of the fragment and the 

corresponding sequences in the database using BLAST 
     

 

 

 

 

 
 

 

 

 

 

Fig. 8. The fra BLAST results on the NCBI 
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CONCLUSION 

 

In the present study, we have used two different molecular markers, SCoT and ISSR  

to estimate the  genetic relationships  among four mullet species. The results obtained 

from the two dendrograms of ISSR and SCoT showed the presence of the two species of 

Liza ramada and Liza granana  in the same group except for the Liza ramada 

(Alexandria). However, further studies are needed to elucidate this relationship at the 

molecular level. 

 

REFERENCES  

 

Abou-Gabal, A. A.; Abbas, E. M.; Ali, H. M. M.; El-Baramawi, N.; Khaled, A. A. 

and El Deeb, S. I. (2018). Molecular Identification of Grey Mullet species in the 

Mediterranean Sea of Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 

 .125-139 :(4)22

Agrawal, M.; Shrivastava, N. and Padh, H. (2008). Advances in molecular marker 

techniques and their applications in plant sciences. Plant Cell Rep., 27(4):617-631.  

Al-Soudy, A.; El-Sayed, A.; El-Itriby, H. A. and Hussein, E. H. A. (2018). 

Assessment of the Genetic Diversity, Breeds Structure and Genetic Relationships in 

Four Egyptian Camel Breeds using Microsatellite and Start Codon Targeted (SCoT) 

Markers. Journal of Biodiversity & Endangered Species, 61:S2 DOI: 10.4172/2332-

2543.S2-001.  

Bhattacharyya, P.; Kumaria, S.; Kumar, S. and Tardon, P. (2013). Start Codon 

Targeted (SCoT) marker reveals genetic diversity of Dendrobium nobil Lindl., an 

endangered medicinal orchid species. Gene, 529(1): 21-26. 

Bornet, B. and Branchard, M. (2001). Non anchored Inter Simple Sequence Repeat 

(ISSR) Markers: Reproducible and Specific Tools for Genome Fingerprinting, Plant 

Molecular Biology Reporter, 19: 209–215.  

Carvalho, G. R. and Hauser, L. (1994). Molecular genetics and the stock concept in 

fisheries, Rev. Fish Biol. Fish, 4: 326-350. 

Collard, B. C. Y. and Mackill, D. J. (2009). Start codon targeted (SCoT) 

polymorphism: a simple, novel DNA marker technique for generating gene-targeted 

markers in plants. Plant Mol Biol Rep 27:86–93. 

Durand, J.; Shen, K.; Chen, W.; Jamandre, B.; Blel, H.; Diop, K.; Nirchio, M.; 

García, D.; Whitfield, A.; Chang, C. and Borsa, P. (2012). Systematics of the grey 

mullets (Teleostei: Mugiliformes:Mugilidae): Molecular phylogenetic evidence 



21              Molecular characterization of four Mullet species based on SCoT and ISSR markers 
 

 

 

challenges two centuries of morphology-based taxonomy, Molecular Phylogenetics and 

Evolution, 64: 73-92. 

Elizabeth, L.; Dorka, C.; Yann, H.; María, d.; Carmen, G. R.; Pedro, P. C. and 

Salima, M. M. R. (2015). The use of ISSR markers for species determination and a 

genetic study of the invasive lionfish in Guanahacabibes, Cuba. Lat. Am. J. Aquat. Res., 

43(5): 1011-1018.  

El-Tarras, A. E.; Shahaby, A.; Mohamed, A. A.; Hassan, M. M. and Gaber, A. 

(2017). Isolation of safe tissue glue and molecular fingerprinting of Hammour (Greasy 

grouper) fish. World J. Pharmaceut. life sci., 3: 94-100. 

Eschmeyer, W. N. and Fong, J. D. (2016). Species by family/subfamily.http:// research 

archive calacademy.org/research/ichthyology/ catalog/SpeciesByFamily.asp [Accessed 6 

March 2016]. 

Esselman, E. J.; Jianqiang, L.; Crawford, D. J.; Winduss, J. L. and Wolfe, A. D. 

(1999). Genetic variation and its relationship to population size in reintroduced 

populations of pink sand verbena, Abronia umbellata subsp. breviflora (Nyctaginaceae). 

Ecol. 8: 443-451.  

FAO (2018). The State of World Fisheries and Aquaculture. Food and  Agriculture 

Organization Rome, ( 2016, 200 10. Gopakumar K. Biochemical composition of fish. 

Textbook of Fish Processing Technology, Indian Council of Agricultural  Research, New 

Delhi. 

Frankham, R.; Ballou, J. D. and Briscoe, D. A. (2004). A Primer of Conservation 

Genetics. Cambridge University Press, London, 220pp. 

Healey, A.; Mc-Keown, N.; Potts, W.; de Beer, C.; Sauer, W. and Shaw, P. (2017). 

Phylogeny of the Sepia officinal is species complex in the eastern Atlantic extends the 

known distribution of Sepiavermiculata across the Benguela upwelling region, African 

Journal of Marine Science: 39: 307–313. 

Hillis, D. M.; Mable, B. K.; Larson, A.; Davis, S. K.  and Zimmer, E. A. (1996). 

Nucleic acids IV: Sequencing and cloing, In: D.M. Hillis, C. Moritz, B. Mable (Eds.), 

Molecular systematics 2nd edn., pp. 342-343. Sunderland,. 

Luzio, A.; Coimbra, A. M.; Benito, C.; Fontanhas, A. A. and Matos, M. ( 2015). 

Screening and identification of potential sex-associated sequences in Danio rerio. 

Molecular reproduction and development, 82(10):756-764. 

Labastida, Sonia, ;Santiago Sherwell-Cabello1 ;Antonio Maffuz-Aziz1; Silvia N. 

López-Hernández1; Carlos A.; Domínguez-Reyes1; -Almendaro and Sergio 



Elian et al., 2021 22 

Rodríguez-Cuevas (2015) Young Age: the Most Significant Factor Contributing to 

Poorer Prognosis in Mexican Women with Breast. Journal of Cancer Biology & Research 

Antonio Maffuz-Aziz, Instituto de Enfermedades de la Mama, FUCAM, Av Bordo 100 

Colonia Ejido de Santa Ursula Coapa, Mexico D.F, C.P. 04980. Mexico 

Maheswaran, M. (2004). Molecular Marker: History, Features and Applications 

(Department of Plant Molecular Biology and Biotechnology, Centre for Plant Molecular 

Biology Tamil Nadu Agricultural University, Coimbatore, Tamil. 

 Mahrous, K. F.; Ramadan, H. A. I.; Abdel, A. S. H.; Mordy, M. A. and Hamdan, D. 

(2011). Genetic variations between camels breed using microsatellite markers and RAPD 

techniques. J. Appl. Biosci., 39: 2626-2634. 

Martin, M.; Michael, M.; Ole, K. T.; Kjetill, S. J. and  Sissel, J. (2017). Whole 

genome sequencing data and de novo draft assemblies for 66 teleost species PO Box 422, 

4604 Kristiansand, Norway. Correspondence and requests for materials should be 

addressed to M.M.). 

Mehta, S. C. and Sahani, M. S. (2014). Microsatellite markers for genetic 

characterisation of Bikaneri camel. Indian J. Anim. Sci., 77: 509-512. 

Nolte, M.; Kotzé, A.; Bank, F. H. V. D. and Grobler, J. P. (2005). Microsatellite 

markers reveal low genetic differentiation among southern African Camelus dromedarius 

populations. South African J. Anim. Sci., 35:  152-161. 

Nouairia, G.; Kdidi, S.; Ben, S. R.; Hammadi, M. and Khorchani, T. (2015). 

Assessing genetic diversity of three Tunisian dromedary camel (Camelus dromedarius) 

sub populations using microsatellite markers. Emir. J. Food Agric., 27: 362-366. 

Penedo, M. C. T.; Caetano, A. R. and Cordova, K. (1999). Six microsatellite markers 

for South American came lids. Animal Genet., 30: 161-168. 

Pharmawati, M.; Yan, G. and McFarlane, I. (2004). Application of RAPD and SSR 

markers to analyse molecular relationships in Grevillea (Proteaceae). Australian 

Systematic Botany, 17: 49–61.  

Saad, Y. M.; Mohamed, J. S. and El-Domyati, F. M. (2019). Molecular phylogeny of 

mullet fishes using Sox14 and COI gene sequence variations Research Journal of 

Biotechnology,14 (4): 130. 

Sabry, A. M.; Hassan, M. M.; Mohamed, A. A. and Awad, N. S. (2015). Molecular  

characterization of some popular fish species in Saudi Arabia. Inter. J. Appl. Sci. 

Biotechnol., 3: 359-366. 



23              Molecular characterization of four Mullet species based on SCoT and ISSR markers 
 

 

 

Ibraheem, S. D.; Alsamman, A. M.; Abd-Elghany, M. F. and Hassan, M. M. (2018). 

Development of Specific Molecular Marker for Sex Differentiation in Egyptian Fish 

Solea Using SCOT and ISSR Markers. International Scientific Conference “Agriculture 

and Futuristic Challenges Faculty of Agriculture-Cairo, Al-Azhar University, Nasr City, 

Cairo, Egypt  April 10th – 12th, 2018, 1(І): 227-239. 

Shibuya, K.; Tsutsui, S. and Nakamura, O. (2019). Fugu, Takifugu ruberipes, mucus 

keratins act as defense molecules against fungi).Author information. 2019 Dec;116:1-10. 

doi: 10.1016/j.molimm.2019.09.012. Epub 2019 Sep. 

Pal, J.; Shukla, B. N.; Maurya, A. K.; Verma, H. O.; Pandey, G. and Amitha, A. 

(2018). A review on role of fish in human nutrition with special emphasis to essential 

fatty acid. International Journal of Fisheries and Aquatic Studies, 6(2): 427-430 

Sugama, K. J.; Benzie, A. H. and Ballment, E. (2002). Aquaculture  Mitochondrial 

DNA variation in Indo-Pacific populations of the giant tiger prawn, Penaeus monodon  

205: 37-48. 

Mar'ie, Z. A. and Allam, M. (2017). Using start codon targeted (SCoT) polymorphism 

for genetic diversity analysis of three Red Sea fishes (Family: Carangidae). IOSR Journal 

of Pharmacy and Biological Sciences, 12: 50-56. 

Zimek, A. and  Klaus, W. (2005). The organization of the keratin I and II gene clusters 

in placental mammals and marsupials show a striking similarity Alexander Zimek, Klaus 

Weber Max-Planck-Institute for Biophysical Chemistry, Am Fassberg 11, D-37077 

Go¨ttingen, Germany Received 29 August 2005; accepted 4 October 2005. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shibuya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=31561060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsutsui%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31561060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20O%5BAuthor%5D&cauthor=true&cauthor_uid=31561060
https://www.ncbi.nlm.nih.gov/pubmed/31561060

