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ABSTRACT 

Molecular markers were used as indicators in assessing the genetic diversity of fish. They allow 

direct observation of genetic information and estimation of genetic relationships between the 

population and species. In the present study, five SCoT primers and five ISSR primers were used to 

estimate the genetic diversity. Fifteen samples of sand smelt fish species (three replicates for each 

species) were used in the present investigation. Sand smelt fish were collected from five different 

locations: (Fayoum, Burullus, Suez, Idiko and Port Said). The total number of DNA bands generated 

by ten primers 139 with an average of 13.9 amplicons /primer. The highest number of amplicon was 17 

generated by ISSR-04 and the lowest number was 10 generated by SCoT-03. The total number of 

polymorphic amplicons was 63 with an average 6.3 / primer. The polymorphic amplicons ranged from 

3 to 13 amplicons. Therefore, the ten primers expressed different levels of polymorphism, ranging 

from 20% with the primer ISSR - 2 to 81 % with the primer ISSR -01. The frequency varied from 0.5 to 0.9 

values where primer ISSR-1 had the lowest frequency while primers ISSR-02 and ISSR-4 had the highest 

value with average 0.74. The polymorphic information content (PIC) varied from 0.24 to 0.37 values 

where primer ISSR-03 had the lowest PIC value while primer ISSR-01 had the highest value with 

average 0.32. 

Keywords: Sand Smelt, Deoxyribnuleic Acid (DNA), Polymerase Chain Reaction (PCR), Inter 

Simple Sequence Repeats (ISSR), Start Codon Targeted (SCOT). 

INTRODUCTION 

Fish as one of an important source of 

animal protein, is a component of the 

traditional Egyptian diet. Fish as one of the 

main sources of food security will be a major 

issue facing mankind in the new millennium 

(Ashraf et al., 2010). Freshwater fish are the 

most vertebrate groups exploited by humans. 

In this respect marine water fish species are of 

the main and important sources for food 

security (Moralee et al., 2000). 

Fish production plays 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, fishes 

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 bioavailability; they can easily be 

absorbed by the body (Pal et al., 2018) 

Aquaculture output will need several folds to 

be increased in order to meet the rising 

demands for fish in coming years. 

Biotechnology can provide the means to 

increase the intensity and capacity of the 

operation (Sabry et al., 2015). 

Atherinidae is represented by two native 

species (Mediterranean sand smelt, 

Atherinahepsetus Linnaeus, 1758 and Big-scale 

sand smelt, Atherina boyeri Risso, 1810), and 

one alien species, Red Sea hardy head 

silverside, Atherino morusforskalii (Rüppell, 

1838) in the Mediterranean Coast of Turkey1. 

A. boyeri is the most frequent Atherinid 

species, while the other species are sparse. 

Due to the low dispersal capability of these 

small fishes, the percentage of animals re-

entering the native lagoons is probably very 

high, as is also confirmed by morphological 

studies (Berrebi and Britton-Davidia, 1980). 

The significant correlation between genetic 

and geographical distances among the 

populations was found, thus suggesting the 

presence of some migratory move mints along 
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the coastal line. Occasional exchanges of 

individuals among populations could be 

favored by the annual migration of adults 

toward the coastal sea during the cold season, 

establishing a pattern of isolation by distance 

along the coasts.     

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 

programs (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) 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 ISSR, SCoT and barcoding. Moreover, the 

molecular markers were used to identify sex‐

associated genomic regions (Luzio et al., 2015; 

Ibrahim et al., 2018). The sequence targets of 

ISSR are available in a eukaryotic genome, 

thus it's 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 handling (Bornet and Branchard, 2001). 

Genetic diversity has been evaluated using the 

SCoT among female fish in early development 

stages (Ibrahim, 2018). 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.,. 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 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).The present study was focused on the 

molecular variability among the five sand  

smelt species (Fayoum, Burullus, Suez, Adiko, 

Port Said,) using two molecular markers (SCoT 

and ISSR). Also, to assess the genetic 

relationship among the five 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:  

Fifteen samples of sand smelt fish species 

(three replicates for each species) were used in 

the present investigation that collected from 

five different locations which be: Fayoum, 

Burullus, Suez, Idiko and Port Said. 

Methods:  

DNA Isolation and PCR analysis  

Total DNA isolation was conducted using 

the DNeasy Plant Mini Kit (Qiagen, Germany) 

in compliance with the manufacturer's 

protocol. A Nano Drop 2000 

Spectrophotometer (Thermo Scientific, 

Germany) was used to estimate the amount 

and purity of DNA in samples. 

ISSR and SCoT marker analysis  

Genetic diversity was investigated using 

ISSR five primers and SCoT Five primers 

between the studied sand smelt fish species. 

The PCR amplification of ISSR and SCoT and 

cycling parameters (Table 3) were carried out 
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as described by (Ibrahim et al., 2019). The SCoT 

primers have been developed as (Collard and 

Mackill 2009) have described previously. The 

PCR amplification products were separated on 

1.5% agarose gels in 1xTBE buffer stained with 

EtBr. The PCR products were visualized on 

UV light and photographed using a Gel 

Documentation System (Bio-Rad, USA). 

Data Analysis  

The banding patterns generated by SCoT 

and ISSR markers were compared to 

determine the genetic relationships among the 

five sand smelt fish species. Clear and distinct 

amplification products were scored as (1) for 

present and (0) for absent bands for all 

samples. Then, a binary statistic matrix was 

constructed. Dice’s similarity matrix 

coefficients were then calculated between 

genotypes using the unweighted pair group 

method with arithmetic averages (UPGMA). 

This matrix was used to construct a 

phylogenetic tree (dendrogram) and Principal 

coordinate analysis (PCA) was performed 

according to Euclidean similarity index using 

the PAST software Version 1.91 (Hammer et 

al., 2001). The polymorphism information 

content (PIC) was calculated using the Power 

Marker software (Liu and Muse, 2005). 

RESULTS  

Assessment of the genetic diversity and 

relationship among the five sand smelt 

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). 

Characterization of the capability of SCoT 

and ISSR primer to detect polymorphism 

The percentage of polymorphism detected 

by the ten primers (Five ISSR and Five SCoT) 

among five sand smelt species was shown in 

Table (2) and Fig. (1). Burullus exhibited the 

highest value of polymorphism 25% for ISSR-

05, while 22.2% among location Fayoum with 

SCoT-03 as compared to the other primers. The 

location of Fayoum five primers (ISSR-01, 

ISSR-03, SCoT-02, SCoT-03 and SCoT-04) 

produced the value of polymorphism. Also, 

the location of Suez five primers (ISSR-02, 

ISSR-03, ISSR-05, SCoT-03 and SCoT-05) 

produced the value of polymorphism. While, 

the location of Port Said one primer (ISSR-02) 

produced the value of polymorphism. SCoT-03 

highest value of polymorphism as four 

locations (Fayoum, Burullus, Suez and Idiko), 

While, ISSR-04 produced the lowest of 

polymorphism (0). 

Genetic relationships as revealed by ISSR and 

SCoT markers  

In this study, ten primers Five ISSR and 

Five SCoT were used to assess the genetic 

diversity among the five groups Fifteen 

samples sand smelt species. As generated 

shown in table (3) and Fig. (2 and 3), the total 

number of DNA bands by ten primers was 139 

with an average of 13.9 amplicons /primer. The 

highest number of amplicon was 17 generated 

by ISSR-04 and the lowest number was 10 

generated by SCoT-03. The total number of 

polymorphic amplicons was 63 with an 

average 6.3 / primer. The polymorphic 

amplicons ranged from 3 to 13 amplicons. 

Therefore, the ten primers expressed different 

levels of polymorphism, ranging from 20% 

with the primer ISSR-02 to 81 % with the 

primer ISSR-01. The frequency varied from 0.5 

to 0.9 values where primer ISSR-01 had the 

lowest frequency while primers ISSR-02 and 

ISSR-4 had the highest value with average 0.74. 

The polymorphic information content (PIC) 

varied from 0.24 to 0.37 values where primer 

ISSR-03 had the lowest PIC value while primer 

ISSR-01 had the highest value with average 

0.32. (Fig. 1). 

SCoT and ISSR molecular markers have 

been proven to be an efficient tool to assess 

genetic diversity within and between species 

and populations. An efficient number of 

unique markers differentiating between the 

different Egyptian sole species was revealed 

using SCoT and ISSR molecular markers. 

These markers could be used in fish breeding 

programs in order to save both time and 

money. On the other, hand using SCoT for 

studying sole genetics, suggests it usefulness 

in studying other fish species.  
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Finally, the mean polymorphism 

information content (PIC) represents another 

measure of DNA polymorphism that reflects 

the genetic variation. In addition, the PIC is a 

measure of the marker informativeness and it 

ranges from 0 to 1. The markers with a PIC 

higher than 0.5 are highly informative, while, a 

PIC value between 0.5 and 0.25 implies a locus 

of moderately informativeness (Bromley, P.J. 

(2003). The SCoT PIC values ranged from 0.936 

to 0.947 with a mean of 0.945, while major 

allele frequency (MAF) ranged from 0.05 to 0.1 

with a mean of 0.064, respectively of SCoT. On 

the other hand, The PIC and major MAF for 

ISSR markers were 0.945 and 0.064, 

respectively. 

Genetic similarities matrix of send smelt as 

revealed by ISSR and SCoT markers 

To investigate the genetic similarity among 

the Fifteen sand smelt species based on ISSR 

and SCoT results, the scored data obtained 

from ten primers were analyzed using the Dice 

coefficient to compute the similarity matrix. 

This similarity matrix was used to generate a 

dendrogram using the UPGMA method. As 

shown in Table (4), the estimated similarities 

among the Fifteen sand smelt species ranged 

from 77 to 99%. The highest genetic similarity 

(99%) was between species 4 and 5 (from 

Burullus), 11 and 12 (from Adiko), 13 and 14, 

13 and 15, 14 and 15 (from Port Said), while the 

lowest genetic similarity (77) was between 

genotypes 4 and 14, 4 and 15, 5 and 14, 5 and 

15 (4, 5 from Burullus and 14, 15 from Port 

Said). 

Cluster analysis based on ISSR and SCoT 

markers 

The dendrogram of fifteen sand smelt 

species based on ISSR and SCoT markers using 

UPGMA and similarity matrix computed 

according to Dice coefficient (Fig. 4). The 

dendrogram comprised two main clusters; the 

first main cluster contained three groups; 

group one contains (7, 8 and 9) from Suez, 

group two contains (10, 11 and 12) from Idiko, 

group three contains (13, 14 and 15) from Port 

Said. The second main cluster divided into two 

groups; group one contains (4, 5 and 6) from 

Burullus. While group two contains (3, 2 and 

1) from Fayoum. 

Principal coordinates analysis 

The relationship observed in the principal 

coordinate analysis (PCoA) was in agreement 

with the UPGMA analysis of Fifteen sand 

smelt species; where group A contains Suez 

and Idiko, group B comprised Fayoum and 

Burullus, and group C contains Port Said as 

shown in (Fig. 5). Whereas the PCoA resulted 

from ISSR and SCoT marker was classified. 

The populations in this study were clustered 

according to the degree of similarity of their 

habitats and had nothing to do with their 

geographical location; the results of PCoA 

analysis also support this habitat-specific 

genetic clustering model. 

CONCLUSION 

In the present study, the relationship 

observed in the principal coordinate analysis 

(PCoA) was in agreement with the UPGMA 

analysis of 15 sand smelt species; where group 

A contains Suez and Idiko, group B comprised 

Fayoum and Burullus, and group C contains 

Port Said, whereas the PCoA resulted from 

ISSR and SCoT marker was classified. The 

populations in this study were clustered 

according to the degree of similarity of their 

habitats and had nothing to do with their 

geographical location; the results of PCoA 

analysis also support this habitat-specific 

genetic clustering model. However, further 

studies are needed to elucidate this 

relationship at the molecular level. 
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Table 1: The ISSR and SCoT PCR reaction parameters. 

Steps 
Temperature Time 

Cycles 
ISSR SCoT ISSR SCoT 

Initial denaturation 94 °C 94 °C 5 min 5 min 1 
Denaturation 94 °C 94 °C 40 Sec 40 Sec 

 
40 

Annealing 45°C 50°C 50 Sec 50 Sec 
Extension 72 °C 72 °C 1 min 1 min 

Final extension 72 °C 72 °C 7 min 7 min 1 

Table 2: The percentage of polymorphism recorded using ten primers (5 ISSR and 5 SCoT) sand smelt 
species collected from five different locations. 

%P PB MB TB Location PC 
20.00 2 8 10 Fayoum 

ISSR - 01 
10.00 1 9 10 Burullus 
0.00 0 8 8 Suez 

14.29 1 6 7 Idiko 
0.00 0 8 8 Port Said 
0.00 0 14 14 Fayoum 

ISSR - 02 
0.00 0 15 15 Burullus 
6.67 1 14 15 Suez 

14.29 2 12 14 Idiko 
6.67 1 14 15 Port Said 

15.38 2 11 13 Fayoum 

ISSR - 03 

7.69 1 12 13 Burullus 
16.67 2 10 12 Suez 
0.00 0 11 11 Idiko 
0.00 0 12 12 Port Said 

0.00 0 15 15 Fayoum 

ISSR - 04 0.00 0 15 15 Burullus 

0.00 0 14 14 Suez 
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0.00 0 15 15 Idiko 

0.00 0 14 14 Port Said 
0.00 0 4 4 Fayoum 

ISSR - 05 

25.00 2 6 8 Burullus 
10.00 1 9 10 Suez 
0.00 0 10 10 Idiko 
0.00 0 9 9 Port Said 
0.00 0 10 10 Fayoum 

SCOT - 01 

0.00 0 11 11 Burullus 

0.00 0 12 12 Suez 

18.18 2 9 11 Idiko 

0.00 0 7 7 Port Said 
9.09 1 10 11 Fayoum 

SCOT - 02 

0.00 0 11 11 Burullus 
0.00 0 8 8 Suez 
0.00 0 11 11 Adiko 
0.00 0 9 9 Port Said 

22.22 2 7 9 Fayoum 

SCOT - 03 

12.50 1 7 8 Burullus 

12.50 1 7 8 Suez 

12.50 1 7 8 Idiko 

0.00 0 7 7 Port Said 
9.09 1 10 11 Fayoum 

SCOT - 04 
0.00 0 11 11 Burullus 
0.00 0 11 11 Suez 
0.00 0 10 10 Idiko 
0.00 0 10 10 Port Said 
0.00 0 8 8 Fayoum 

SCOT - 05 

0.00 0 9 9 Burullus 

10.00 1 9 10 Suez 

0.00 0 9 9 Idiko 

0.00 0 9 9 Port Said 

Table 3: The list of primers sequence, Total Number of Bands (TB), Monomorphic Bands (MB), 

Polymorphic Bands (PB), Percentage of Polymorphism (%P), Frequency (F) and Polymorphism 

Information Content (PIC) as revealed by SCoT and ISSR analysis of sand smelt species. 
Primer Sequence TB MB PB % P F PIC 

SCoT-01 5'-CAACAATGGCTACCACCA-3' 15 5 10 67 0.7 0.35 

SCoT-02 5'-CAACAATGGCTACCACCC-3' 14 8 6 43 0.7 0.33 

SCoT-03 5'-CAACAATGGCTACCACCG-3' 10 6 4 40 0.7 0.31 

SCoT-04 5'-CAACAATGGCTACCACCT-3' 12 9 3 25 0.9 025 

SCoT-05 5'-CAACAATGGCTACCACGA-3' 12 6 6 50 0.7 0.31 

ISSR-01 5'-AGAGAGAGAGAGAGAGYC-3' 16 3 13 81 0.5 0.37 

ISSR-02 5'-TCTCTCTCTCTCTCTCA-3' 15 12 3 20 0.9 0.32 

ISSR-03 5'-ACACACACACACACACYT-3' 14 10 4 29 0.8 0.24 

ISSR-04 5'-ACACACACACACACACYG-3' 17 13 4 24 0.9 0.35 

ISSR-05 5'-GTGTGTGTGTGTGTGTYG-3' 14 4 10 71 0.6 0.37 

Total  139 76 63 - - - 

Average  13.9 7.6 6.3 45 0.74 0.32 
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Table 4: Genetic similarity matrix computed from ISSR and SCoT data for the Five send smelt species. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1  
              100 1 
             100 98 2 
            100 96 97 3 
           100 93 91 92 4 
          100 99 93 90 91 5 
         100 98 98 92 91 92 6 
        100 88 88 87 87 84 86 7 
       100 98 87 86 87 86 86 85 8 
      100 97 98 86 86 85 85 84 85 9 
     100 89 90 88 81 81 82 80 82 81 10 
    100 98 88 88 88 81 82 82 79 82 80 11 
   100 99 98 88 88 87 79 80 80 78 80 79 12 
  100 90 89 89 89 87 88 79 78 78 78 79 80 13 
 100 99 90 90 88 88 87 87 78 77 77 78 79 79 14 
100 99 99 90 89 89 89 87 87 78 77 77 78 79 79 15 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Polymorphism values detected using Five ISSR and Five SCoT primers for sand smelt 

species gathered from 1- Fayoum; 2- Burullus; 3- Suez; 4- Adiko and 5- Port Said. 
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Figure 2: SCoT profiles, the PCR patterns of the sand smelt species using the Five SCoT Primers; 

SCoT-01, SCoT-02, SCoT-03, SCoT-04 and SCoT-05. M: 1kb DNA ladder (Fermentas, Germany). Lanes 

1 to 15 sample sand smelt 
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Figure 3: ISSR profiles, the PCR patterns of the sand smelt species using the Five ISSR Primers; ISSR-1, 

ISSR-2, ISSR-3, ISSR-4 and ISSR-5. M: 1kb DNA ladder (Fermentas, Germany). Lanes 1 to 15 sample 

sand smelt 

 

 

 

 

 

 

 

Figure 4: Dendrogram for the 15 send smelt species constructed from SCoT and ISSR data using 

UPGMA and similarity matrix computed according to Dice coefficient. 
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Figure 5: Scatter plot of principal coordinate analysis (PCoA) for 15 send smelt species based on ISSR 

and SCoT marker data: A. contain (7, 8, 9, 10, 11 and 12); B. contain (1, 2, 3, 4, 5 and 6); C. contain (13, 

14 and 15). 
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 الملخص  

علاقات الجينية  تم اس تخدام العلامات الجزيئية كمؤشرات في تقيي التنوع الجيني للأسماك ، فهي  تسمح بالمراقبة المباشرة للمعلومات الجينية وتقدير ال

عشر عينة من  لتقدير الجينات. تم اس تخدام خمسة  ISSRوخمسة بادئات  SCoTبي السكان والأنواع. في هذه الدراسة ، تم اس تخدام خمسة بادئات 

لس والسويس أأنواع الأسماك ذات الرائحة الرملية )ثلاثة مكررات لكل نوع( في هذا البحث. تم جمع مصهر الرمل من خمسة مواقع مختلفة هي: الفيوم والبر 

 amplicon من  عدد  أأكبر نكا. برايمر/  أأمبليكون 13.9بمتوسط  139وأأديكو وبورسعيد. كان العدد الإجمالي للحمض النووي الناتج عن عشرة بادئات 

نشاؤه بواسطة  17 نشاؤه بواسطة  10وكان أأقل رقم  ISSR-04تم اإ /   6.3بمتوسط  63. كان العدد الإجمالي للأمبليكون متعدد الأشكال SCoT-03تم اإ

ت البادئات العشرة عن مس تويات مختلفة من تعدد الأشكال ، تراوحت   ، لذلك. أأمبليكون 13 اإلى 3 من الأشكال متعددة أأمبليكون تراوحت. أأساس عبرر

أأقل تردد بينما كان للبادئات   ISSR-01حيث كان للبادئ  0.9اإلى  0.5. تباين التردد من ISSR-01٪ مع البادئة 81اإلى  ISSR-02٪ مع البادئة 20من 

ISSR-02  وISSR-4  علالم محتوى تراوح. 0.74أأعلى قيمة بمتوسط( ومات متعدد الأشكالPIC من )قيماً حيث كان للبادئ  0.37اإلى  0.24ISSR-03  

 . 0.32أأعلى قيمة بمتوسط  ISSR-01بينما كان للبادئ   PICأأقل قيمة 

 DNA, PCR, ISSR, SCOT: سمك البساريا,الكلمات الاسترشادية 

 


