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Abstract 

Ahmed Bader EL-Deen calc is a free computer software program that offers a simple 

interface for measuring genetic diversity to help researchers achieve accurate genetic diversity 

estimates to satisfy the demands of geneticists and breeders by using data from molecular markers. 

to easily calculate gene diversity (Gd) indices (such as polymorphism information content (PIC), 

resolving power (Rb), polymorphism percent (P%), the diversity index (Di), the molecular index 

(MI), observed heterozygosity (Ho), expected heterozygosity (He), and nucleotide diversity of the 

dominant and co-dominant markers’ Gd) by using an appropriate programming language (C-sharp) 

for the design. To evaluate our program, we collected data on different shapes of dominant and co-

dominant molecular markers from other researchers and used them to compare the efficacy and, 

most commonly, for genetic diversity measures. For ease of interpretation, we presented the results 

in a tabular format. In conclusion, the computer-based solution can potentially reduce the time 

necessary for manual computations while simultaneously making data analysis simple.                                                                     

Keywords: Genetics diversity measures; software; nucleotide diversity. 
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1. Introduction 

One of the most critical concerns for 

geneticists and breeders is assessing genetic 

diversity, which allows for the quick selection of 

proper genotypes for improvement efforts 

(Etminan et al., 2016). We can accomplish the 

assessment of genetic diversity in a variety of 

ways, the most efficient of which is molecular 

markers (Schulman, 2007). There are various 

types of molecular markers, but the majority of 

them use polymerase chain reaction (PCR) and 

DNA amplification (Tautz, 1989; Williams et al., 

1990; Vos et al., 1995; Li and Quiros 2001; 

Collard and Mackill 2009). Based on their ability 

to distinguish between homozygous and 

heterozygous individuals, DNA-based molecular 

markers are divided into two categories: those that 

cannot distinguish between shapes of genotypes 

(AA and Aa) as a dominant marker, and those that 

do so as a co-dominant marker. Any molecular 

marker’s final product is a binary matrix that 

includes "1" or "0" for the presence or absence of a 

band, respectively. This matrix is used to 

determine numerous polymorphisms and genetic 

diversity measures among the individuals being 

studied. The main problem that faced previous 

research is a scarcity of intelligent software that 

can aid in the automatic computation of genetic 

diversity indices. For example, there is no free 

online tool for calculating genetic diversity (GD) 

using a formula for dominant and co-dominant 

markers. Such tools are important since calculating 

GD manually might be difficult depending on the 

number of alleles and markers examined 

(Abuzayed et al., 2017).                                                

There are a variety of software options to 

measure genetic diversity, such as the PolyPicker 

software (Botstein et al., 1980); GenAlEx software 

(Peakall and Smouse 2006); the GDA software 

(Lewis, 2001); PopGene software (Yeh et al., 

1999); Power Marker software (Liu and Muse 

2005); Cervus software (Kalinowski et al., 2007); 

Arlequin software (Excoffier et al., 2005); GDdom 

software (Abuzayed et al., 2017); and the software 

Gene calc (Miks et al., 1955); and although the 

previous programs were concerned with measuring 

Polymorphism information content (PIC), 

polymorphism percent (P), and expected 

heterozygosity (He), Ahmed Bader's EL-Deen calc 

program sheds light on PIC, P, and He in addition 

to resolving power (RP), the diversity index (DI), 

molecular index (MI), observed heterozygosity 

(Ho), and nucleotide diversity (ND).  

As a result, we created an auto-computation 

tool for distinct genetic diversity measures using 

molecular marker data. Our program is free 

computer software that offers easy, rapid, and 

precise computation for dominant and co-dominant 

markers using a frequently used formula. For ease 

of use, the results are given in tabular format. It can 

calculate PIC, RP, P, DI, and MI for the dominant 
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marker and PIC, RP, Ho, He, P, DI, and MI for the 

co-dominant marker (bi-allelic, diploid, and 

tetraploid for only 3 alleles), and it can also 

calculate nucleotide diversity for only homologous 

sequence. 

2. Material and methods 

We used Microsoft Visual Studio Page for 

creating our program and indicating the results as 

tables; Visual Studio is a server-side scripting 

language for web development, created by 

Microsoft and widely used, free source. We created 

an algorithm that takes an Excel file as input and 

produces the tables. To treat the Excel file as a 

matrix, our method first parses the contents of the 

file. The values of the columns and rows are then 

used to perform calculations on this matrix, we can 

obtain data to use in our program by; Firstly, we 

obtain the image of the gel (either a dominant or 

co-dominant marker) from research. Secondly, 

despite whether the marker is dominant or co-

dominant, we will code the information as a binary 

matrix; by using gene profiler software, 1D scan 

software, or a manual method, we can convert the 

image of the gel into a binary matrix. Thirdly, we 

enter the binary number (matrix) 0 or 1 into our 

program to measure genetic diversity based on 

molecular marker data, and it can also calculate 

nucleotide 

diversity.                                                                   

                                                                                  

  

We scored alleles for the presence or 

absence of each dominant and co-dominant 

marker, and we computed GD using the following 

formulas:                                                    

According to (Chesnokov and Artemyeva 2015), 

He can be defined as the likelihood that an 

individual in the population is heterozygous for the 

locus. It can be computed using the following 

formula (Liu, 1998): 

            H= 1-∑ pi2   (1) 

Where the summing is over all possible alleles and 

pi is the allele frequency for the (I) allele 

(Amiryousefi et al., 2018). 

Ho is the fraction of heterozygous genes in 

a population. It is calculated by dividing the total 

number of heterozygotes by the sample size for 

each locus (Chesnokov and Artemyeva 2015). It 

can be computed using the following formula (Liu, 

1998): 

Ho=Number of heterozygote individuals/size of the 

sample    (2) 

PIC is the ability of a marker to establish 

polymorphism in the population based on the 

number of alleles discovered and on their 

distribution frequency (Chesnokov and 

Artemyeva 2015). PIC can be computed for co-

dominant markers using the following formula 

(Guo and Elston 1999): 

              PIC = 1- ∑pi2 -∑ ∑pi2 pj2     (3)    

Where, the first summation reflects the entire 

number of alleles (i-th and j-th alleles have 
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population frequencies of pi and Pj, respectively), 

whereas the two subsequent summations represent 

all I and j, where I≠j (Amiryousefi et al., 2018). 

PIC for dominant markers can be calculated using 

the following formula (Roldan Ruiz et al., 2000): 

PIC = 2fi (1-fi)   (4) 

Where, the frequency of the amplified allele (band 

presence) is fi, while the frequency of the null 

allele is 1-fi (Abuzayed et al., 2017). 

Rp is the ability to identify changes between a 

large number of genotypes (Chesnokov and 

Artemyeva, 2015) and can be computed using the 

following formula (Prevost and Wilkinson 1999): 

   Rp =∑ Ib    (5)  

Where Ib (band informativeness) is calculated as Ib 

= 1 - (2 |0.5-p|), p being the percentage of samples 

containing the observed band (Chesnokov and 

Artemyeva 2015). 

AP% locus in a population is a measure of genetic 

variation. can be calculated using the formula 

(Ford, 1940): 

                  Number of polymorphic loci / total 

number of loci   (6)  

Where the ratio is derived by dividing the number 

of polymorphic loci by the total number of loci 

The MI is calculated by multiplying the 

polymorphism information content value (or 

predicted heterozygosity) by the effective 

multiplex ratio (Nagaraju et al., 2001). The 

formula can be computed using the following 

formula (Powellet al., 1996): 

                  MI = PIC × EMR     (7)       

EMR (Amiryousefi et al., 2018) is defined as np/ 

(np + nnp), where p and np represent the 

polymorphic and non-polymorphic percentages of 

the markers, respectively, and PIC is 

polymorphism information content. 

DI has been employed frequently in research on 

genetic diversity as a measure of genetic variation. 

It can be computed using the following formula 

(Shannon and Weaver 1949): 

                  DI = - ∑Pi ln Pi   (8)         

Where pi is the frequency of a band's presence or 

absence in a locus for all (Laurentin,2009).   

ND is the average number of nucleotide changes 

per site between two DNA sequences in all 

possible pairings in the sample population (Nei 

and Tajima 1981). can be calculated using the 

formula (Nei and Li 1979): 

                  π X = n/ (n – 1) ∑ Xi Xj πij      (9)         

Xi and Xj are the I and j sequences' respective 

frequencies, πij is the number of nucleotide 

changes per nucleotide site between the I and j 

sequences, and n is the total number of sequences 

in the sample (Nei and Tajima 1981). 

According to those formulas, the PIC value 

for dominant markers ranges from 0 to 0.5, the PIC 

value for co-dominant markers ranges from 0 to 1, 

and Ib ranges from zero to one (Chesnokov and 

Artemyeva 2015). A locus is called P% when the 

band is present at a frequency ranging from 5% to 

95% (Mukhopadhyay and Bhattacharjee 2016) 
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or from 95% to higher (Pitoyo and Mulyani 

2015); the procedure is more successful when the 

MI is higher (Chesnokov and Artemyeva 2015); 

the DI obtained from the data is normally between 

1.5 and 3.5; however, it can sometimes exceed 4 

(Margalef, 1972) or range from 0 to 5 

(Launchbaugh, 2009); He and Ho values range 

from 0 (no heterozygosity) to nearly 1 (high 

heterozygosity; a large number of alleles with 

equal frequency) (Chesnokov and Artemyeva 

2015), and ND values range from 0 to 1 (De 

Vicente et al., 2004). 

3. Result 

To help researchers analyze data for 

dominant and co-dominant markers, we designed 

the Ahmed Bader EL-Deen calc program to be 

simple to use, save time, and prevent errors. For 

ease of comprehension, the results are provided in 

a simple table. Our program offers a simple 

interface for getting genetic diversity measures as 

well as supporting researchers in acquiring 

accurate genetic diversity estimates. Our program 

is a free and straightforward program for 

calculating genetic diversity measures that are 

either dominant or co-dominant (bi-allelic, diploid, 

and tetraploid). In the case of bi-allelic and diploid 

species, we can enter the number of variations 

between 1 to infinity and the number of alleles for 

each variant between 2 to infinity. But in the case 

of tetraploids, we can enter the number of 

variations between 1 to infinity and the number of 

alleles for only three alleles, in the general, the 

number of variations refers to the columns in the 

excel sheet (number of individual or genotypes) 

and number of alleles refer to rows in excel sheet 

and also calculate nucleotide diversity. 

3.1 Interface of our program  

 

Figure 1: depicts our program's graphical user interface (GUI). In the case of a dominant marker, the 

user determines the measure of genetic diversity by entering a binary number (matrix) of 0 or 1 

into an excel sheet and then determining the number of rows (refer to the number of bands or 

alleles) and columns (refer to the number of genotypes).                                                                                                                     
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Figure 2: shows the graphical user interface (GUI) of our program; in the case of a co-dominant 

marker (bi-allelic), the user determines the number of total genotypes and then the number of 

individuals (the sum of the number of individuals equals the total genotypes of an individual). 

 

Figure 3: depicts our program's graphical user interface (GUI). In the case of a co-dominant marker 

(Diploid), the steps are the same as in Figure 1.                               
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Figure 4: demonstrates the graphical user interface (GUI) of our program; In the case of co-dominant 

marker (Tetraploid), the steps are the same as in Figure.1.                                                                                                                                                 

 

Figure 5: depicts our program's graphical user interface (GUI), which allows the user to enter the 

number of sequences, the number of polymorphic sites (n), and the sequence by only 

homologous sequence to calculate nucleotide diversity.  
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4. Discussion 

In this work, we created a program for 

calculating GD. The application generates a tabular 

summary of all the data. Despite the lack of 

software-calculated data for co-dominant markers 

(tetraploid for only three alleles), our program can 

easily and quickly compute data for a co-dominant 

marker (tetraploid). 

Table 1: Comparison of different characteristics of the most frequently used software 

Software Type (Dominant/Co-dominant Description 

Poly picker co-dominant markers 

This is an online tool for quickly calculating H 

and PIC to select the number of variations (1–

5) only and the number of alleles for each 

variant (2–20) only.          

GenALEX co-dominant markers 

This is calculation software for He and P, but it 

also has other applications for genetic 

diversity.                             

GDA co-dominant markers 
This is He's calculation software, but it also 

has genetic diversity applications. 

Popgene co-dominant markers 

This is calculation software of He and P, but it 

also has other applications for genetic 

diversity.                           

Power 

Marker 
co-dominant markers 

This is calculation software of He, PIC, and P, 

but it also has other applications for genetic 

diversity.                                    

Cervus co-dominant markers 

This is a calculation program of He and PIC, 

but it also has other applications for genetic 

diversity.                      

`Arlequin co-dominant markers 
This is He's calculation software but also has 

applications for genetic diversity.                                  

GDdom dominant markers 

This is software for calculating PIC, and 

created an algorithm that accepts a CSV file 

(Comma delimited)" or "CSV (MS-DOS")" as 

inputs and produces the tables that appear on 

the web page as outputs.                         

Gene calc 
dominant markers& co-

dominant markers 

That is a He and PIC calculation software, but 

it also has other applications for genetic 

diversity.                     
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program Ahmed calc4.1 Validation of data set of  

Regardless of their intensity, the bands 

were graded as present (1) or missing (0). The 

resulting binary data was utilized to calculate PIC, 

P%, Rp, MI, DI, Ho, and He by using a data set of 

dominant markers and co-dominant markers. The 

final result of any molecular marker is a binary 

matrix that comprises "1" and "0" for whether or 

not a band is present; and in the case of a co-

dominant marker, a binary matrix should be 

"translated" into a matrix of genotypes 

(homozygous or heterozygous) for each individual 

at each locus. 

4.1.1 First Dominant Marker 

Table.2: DNA polymorphism data matrix based on SRAP-PCR, where the sequence-related 

amplified polymorphism (SRAP-3) primer combinations in 16 genotypes and 14 bands 

(Mahmoud and Abd El-Fatah, 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

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

0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 2 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 

0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 4 

0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 5 

0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 6 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 7 

1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 8 

1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 9 

0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 10 

1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0 11 

0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 12 

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 13 

1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 14 
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Table 3: Comparison fo research (Mahmoud and Abd El-Fatah 2020); Gene Calc and our mofgorp 

to determine genetic diversity parameters by using the matrix in Table.2 

DI MI P% Rp PIC Software Types 

N/A 

 

3.66 

 

92.86% 5.25 0.28 research 
 

tfpnoroD 

 

 

N/A N/A N/A N/A 0.2812 Gen calc 

3.3799 3.6562 92.8571% 5.25 0.2812 Ahmed calc 

 

dominant Marker:-4.1.2 Second Co 

allelic-4.1.2.1 Bi 

Table 4: shows a data matrix of DNA polymorphism based on the INDEL marker, with the INDEL 

primer (chr09.0755) combinations in 17 genotypes and 2 alleles (Niihama et al., 2015). 

 

 

Table.5: Comparison between Gene Calc and our program to determine genetic diversity 

parameters by using the matrix in Table.4 

Types Software PIC Rp P% MI DI Ho He 

Co-dominant 

(Bi-allelic) 

Gen calc 0.1889 N/A N/A N/A N/A N/A 0.2112 

Ahmed 

calc 
0.1889 0.48 100% 0.3778 0.3669 Zero 0.2112 

 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 N 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 
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4.1.2.2 Diploid: 

Table 6: shows a data matrix of DNA polymorphisms based on the STS marker, with sequence 

tagged sites primer (Sb01) combinations in 5 genotypes and 5 alleles (Perry and Bousquet 

1998). 

N 1 2 3 4 5 

1 1 0 0 0 0 

2 0 1 0 0 0 

3 0 0 1 0 0 

4 1 1 1 1 1 

5 0 0 0 0 1 

Table.7: Comparison of research (Perry and Bousquet 1998), Gene Calc, and our program to 

determine genetic diversity parameters by using the matrix in Table.6 

He Ho DI MI P% Rp PIC Software Types 

N/A 0.77 N/A N/A N/A N/A N/A research 

Co-

dominant 

(diploid) 

0.6 N/A N/A N/A N/A N/A 0.57 Gen calc 

0.6 0.8 1.2275 2.28 80% 1.6 0.57 
Ahmed 

calc 

4.1.2.3 Tetraploid: 

Table.8: is a data matrix of DNA polymorphism based on the INDEL marker (Settles et al. 2014) 

used the INDEL primer combinations in 6 genotypes and 3 alleles. 

6 5 4 3 2 1 N 

1 0 1 0 0 0 1 

1 1 1 1 0 1 2 

1 0 1 0 1 0 3 
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Table.9: Our mofgorp was used to determine genetic diversity parameters by using the matrix in 

Table 8 

He Ho DI MI P% Rp PIC Software Types 

 

0.5374 

 

0.3333 

 

0.9008 

 

1.4045 

 

100% 

 

1.56 

 

 

0.4682 

 

 

Ahmed 

calc 

Co-

dominant 

(tetraploid) 

4.1.3 Third Data set of Nucleotide diversity: 

 

Figure 6: shows a nucleotide diversity data set with ten people in population X. We looked at one 30-

nucleotide sequence for each person and discovered that the sequences differed at five 

nucleotide places. There are four different sequences for those 30 nucleotides in the 

population. The number of people (n) who have the specific sequence alternative is listed in 

the first column. The number of nucleotide differences in each sequence pair within the 

population is then calculated. For example, 1,2 = 2/30 denotes that there are two nucleotide 

differences between sequences 1 and 2. Then, for the total population, we compute X. The 

number obtained from the sequence examined in a sample of ten individuals is 0.037, or 3.7 

percent nucleotide diversity (De Vicente et al., 2004). 

 

http://rrgg.journals.ekb.eg/


http://rrgg.journals.ekb.eg/                                                                                2., 202et al Bader ELDeen 

 

13 
 

Table 10: Comparison for calculating nucleotide diversity between the manual method and our 

program by using Figure.6 

Ahmed Calc Manual Method  

Nucleotide diversity 
0.037 0.037 

5. Conclusion  

 Our software was created depending on 

how well it handled the challenges the researcher 

faced. The results must be interpreted in light of 

the morphological traits. Biological traits of the 

species under study must obviously be taken into 

consideration when evaluating genetic 

determinants because, in different species, the 

same parameter may vary not only in phylogeny 

but also in ontogeny (Chesnkov and Artemyeva 

2015). 
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