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Abstract 

 

The patterns of Deoxyribonucleic acid (DNA), which form the genetic fingerprints, can be used to determine 

the identity of a particular person, and it may go beyond to determine the paternity. It is known that the 

DNA matches dramatically among people in general, but what makes it easier to differentiate and 

distinguish among them is the presence of a kind of DNA sequence that is repeated many times, and 

facilitates the process of identifying and defining a particular person, Paternity has been commonly 

recognized as a stamp that guarantees the connection between the born child and the biological father.  

There are many techniques used for paternity testing in laboratories. This paper  suggest an inexpensive, 

efficacious, and strict computerized technique for identifying paternity based on the frequency distribution 

of alleles, which are involved in calculating the probability of paternity biasing Short Tandem Repeat (STR) 

markers, as the development of such software has become an urgent need. 
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1. Introduction 

 Paternity is a very useful area of investigation, as it is effectively would impact critical domains in 

the society, and its health along with its sociable existence. Paternity tests are important for many reasons: 

first, it will reduce the expense on social care, as several male have explored financial consequences[1]. 

Genetic paternity testing includes recognizing the genetic patterns, which are one of the kind to each 

individual. Despite that there are more than 99% of the human DNA genome sequences are similar among 

individuals, a little number of DNA sequence variations are utilized to recognize all humans, and those 

variations are utilized for the purpose of testing identity [2].Secondly taking in the mind that sometimes a 

few fathers wants to make the test, when they think they are not the real father who procreate a certain child 

(the biological relationship) [3]. Thirdly, maintaining personal medical records containing genetics data, 

which could be used as a reference. Fourthly, even beyond financial formulation it may be a social morals 

and commitment by giving the child the right to know his biological father [4]. Fifthly paternity tests are 

used in the legitimate field to maintain the child right of accountability toward his father regarding financial 

rights and guardianship [5]. Finally, those tests now are on the reverse of the past more obtainable, with 

lower expense, this is why we examine paternity. Paternity Testing: means that child genotype is known, 

and the father genotype is unknown, it is attempted to be determined, as illustrated in figure (1), STR 

analysis is originally an issue of examining the absence or presence of an alleles [6]. 
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Fig. 1:  Paternity testing representation 

STR markers have been evolved to be the ultimate swift, accurate, and efficient technique for human 

identification; STRs have been chosen to be based on in the proposed automated system for the following 

reasons: 

 Swift processing is obtainable 

 Copious all over the genome 

 Small size range permits multiplex amplification 

 Discrete alleles permit the creation of digital profile of genomic data 

 The existence of the allelic ladders facilitates interpretation  

 Worldwide adopted uniform set of its markers offers the possibility for exchanging DNA profiles 

 Straightforward for the user to gain results 

 

2. Previous Studies of Paternity 

      The previous released studies on paternity depends on patterns adopted for many objectives such as 

locating paternity in contentious issues concerning familial legislation, and genetic research held to 

follow up the transference of  inherited disease, forensic specimen connected to policemen investigations 

, and  specimen for the total childbirth in a specific area. The term of paternity  examines if  a certain 

man is actually the biological father of a certain child, actual genetic paternity may differ from paternity 

confidence (an evaluation for a man for the likelihood that he is the father of a putative child), which 

must be assessed through indirect cues such as mate fidelity or child resemblance. There is great 

variation across cultures in beliefs but cross-culturally about paternity [7].Paternity confidence is 

positively associated with men’s involvement with children and with investment or inheritance from 

paternal kin ([8]; [9]; [10]). In spite of bounded number of contributions within the domain of human 

identification through DNA, they concentrate on acquiring datasets of actual or overacted cases in which 

the recognition of the nominee person was already specified, as an illustration, within [11], they have 

characterized the attributes of a kinship analysis endeavor to define whether two persons are unrelated or 

half-siblings, outcomes are acquired emulating a large specimen of couple of individuals: with the 

situation of  half-sibling supposition  the individual is derived from the population, posteriorly two of the 

progeny are gathered; on the other hand, if the supposition of no relatedness stand up, then two 

individuals samples are collected. Finally, for every collected pair, the likelihood ratio (LR) and the 

amount of situation for which it does not prop the used hypothesis are calculated. At this point, the LR 

suspicion anxieties, all the potential LR emerging for the half-sibling or paternity affairs. In the same 

context, utilizing a database of around (1400) varied individuals specified on four loci, predestined the 

LR experiential distribution  produced from offenders identification cases happening when  two  DNA 

samples, both noticed , are hesitated as if they return to the same individual. [12]. [13] estimated the LR 

distribution, just by sticking with identification suppositions, for around 20 pedigrees on different 
familial groups. [14] acquired the distributions of LR for the offenders, for the purpose of individual’s 
identification cases (in the domain of analyzing kinship) by emulating one hundred thousand DNA 
profile for 16 genes markers. 
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[15] By utilizing the data of theoretic method, suggested a measure to estimate the information quantity of 

varied loci in analyzing kinship. [16] Estimated the diagnostic precision of a paternity test by utilizing array-

based Single Nucleotide Polymorphism (SNP) mensuration of a DNA cell secluded from a plasma belongs 

to the child mother, which has defined paternity prematurely before even the child born. [17] Inspects 

substrates of paternity and the related responsibilities such as welfare and child support. [18] The authors 

have found that SNP STR could be deemed as a beneficial in forensic science, as it can be used to 

differentiate fathers from uncles. 

 

3. Short Tandem Repeats (STRs) 

    STRs are utilized as markers of option in several forensic, such as person’s recognition, and paternity 

testing. Allele frequency degree to every STR marker has been detected as essentially inhabitants vassal 

[19]. microsatellites (STRs) depend on the magnitude of the repeat beside the total length of the repeat. The 

DNA markers are considered as genetic profile and it exist on various frequencies and it is recognized as 

genetic database, if it was found that the frequencies of the markers that forming the genetic profile huge, 

and it was exist in the half of the sample, then the power of recognizing a specific genetic profile is not 

powerful, contrariwise, if the markers of the genetic profile are exist just in a single person from A billion, 

and then the recognizing strength is extremely high. (STRs) are extremely helpful as markers in the fields of 

forensic and DNA survey [20]. 

 

3.1 The Terms of STR Loci and Locus 

    Loci or Locus: indicates the location at the chromosome, while allele indicates the DNA type, the allele 

refers to the number of repeats. 

 

 
Fig. 2: An illustration of the number of repeats [21]. 

Figure 2 provides an illustration of the number of repeats with a group of persons, who have different 

repeats, as an example to clarify the issue of repeats number in STR, figure 3 is provided next:  The Locus: 

D5S818, and its Alleles: 7, 9. 

As shown in figure 3, the number of repeats in the paternal chromosome 5, which are 7 repeats and the 

number of repeats in the maternal chromosome are 9 repeats. 

 

 
Fig. 3: Representation of repeats number in STR allele within chromosome 5 [21]. 

 
DNA marker which exists outward of genome area could be specified through their chromosomal locus. As 

an illustration, The STR loci D8S1179 and DYS19 are markers that exist outside the genome region, in this 

situation, the ‘D’ denotes for DNA. The following character denotes the number of the chromosome, eight 
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refers to chromosome eight and Y refers to Y chromosome. The character ‘S’ denotes that the  DNA marker 

has a singular copy sequence. The last number denotes the order that the DNA marker was detected and 

classified for a specific chromosome. Sequential numerical pattern was utilized to grant singularity to each 

specific marker. Consequently, to the marker D8S1179, as illustrated in table 1. 

 

Table 1: DNA marker uniqueness illustrated by sequential numbers [22] 

D8S1179 

D DNA 

Eight  Chromosome 8 

S Single Copy Sequence 

1179 1179locus described on chromosome 8 

 
 

 

3. Materials and Methods 

    Forensic science laboratory department in the public security directorate at the Hashemite Kingdom of 

Jordan has been visited and has provided the need information; in order to complete this thesis successfully 

Genotyping in STR is a superior method for analyzing DNA, STR alleles distinguishing is made by gauging 

their lengths toward modeling a genetic profile. 

The process of initiating this profile in the traditional way requires a hard effort and consumes much time, as 

methods improve; growing desire for enhanced throughput and eligibility is boosting the growth of 

automated DNA genomic analysis system. In this paper a paternity testing system is proposed using 

MATLAB. After generating STR profile, the developed software could automate this DNA data and 

eliminate large parts of the required work, the proposed automated software analyzes the STR profile 

through a series of statistical calculations conducted on 15 STR loci worldwide forensically known, it starts 

with the specifying of paternity which is made depending on whether or not allele of the alleged father(AF) 

and the alleles of the child are shared between them, also calculating Hardy Weinberg Equilibrium (HWE), 

and the paternity index (PI), and calculating combined paternity index (CPI), then computing the  

Probability of paternity through The Bayes’ Theorem formula which is: (CPI / CPI + (1 - PP))x 100% . 

As the initial description of the population genetic specifications of repeat polymorphisms, shows that the 

number of (STR) loci legitimized for forensic purposes has grown. Globally the variations at the allele 

frequencies in those loci have been examined, distinguished genome- vast genetic systems recognized as 

autosomal markers have been analyzed at Laboratories, producing a unique DNA identifying profile. Table 

(2), illustrated below describes alleles scores at every marker locus, it is known that alleles represent values 

at human genes which in its turn make individuals distinct from each other. The generated DNA Fingerprint 

represents inherited variations from all former generations and could propose probable individual ethnic 

matches [23]. 

An automated method for calculating the probability of paternity has been presented, the main phases of the 

proposed technique are presented in figure (4).Using standard methodologies reference frequencies for 

alleles for 15 STR loci have been established based on the data acquired from the forensic science laboratory 

department in the public  
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Table 2: Alleles scores [24] 

 
 

security directorate, the acquired data include alleles frequency for the most common loci in the forensic 

field, the frequencies have been imported to the proposed program to be used with the program calculations, 

although several loci are sex related and although the loci utilized to inspect genetic variation might display 

hegemony relationships within alleles (like groups of blood), this paper has depend on just the most 

autosomal codominant loci which are worldwide adopted. Phase1 begins after starting the MATLAB 

program, which is: loading the dataset for the mother, child and AF after entering each allele value for the 

STR marker. Phase 2 with the first part of it, which is comparing the alleles of mother child and father in 

each row (marker) has been conducted based on numerator and denominator  formulas. When performing 

the allele comparison, the system will go through fifteen possible cases depending on the alleles, and the 

generated numerator and denominator, and for sure the system will pick the suitable case among them. 

While part two of this phase, which is determining alleles frequencies for each locus, this part is done by  

checking the reference databases. Phase 3, which is computing the PI for each allele, this phase 

accomplished in the proposed system through the numerator and denominator formulas, by dividing the 

numerator on the denominator, Paternity Index (PI)   It is the probability that the alleles of a certain child has 

inherited from a male that is being tested rather than a male at random, and this depends on the genotype 

markers number and markers heterozygosity. 

 Paternity testing includes, the child, the mother, and one or more of the AFs, the issue now does a male 

share all of his alleles with the born child; there are two potential outcomes: 

a- Inclusion: the tested male, or the AF, would be the biological father of the child. 

b- Exclusion: it is impossible that the AF would be the father of the child. 

PI will compare two terms, the likelihood that an allele has reached to the child from the AF, to the 

likelihood that randomly selected male from the same ethnic population would pass that allele to this child,  

this usually expressed by the equation X/Y, where X is the opportunity that the AF convey the allele, and Y 

represent the opportunity that some other male of the same ethnic population would pass that allele to this 

child. X is given the value (1) if the AF is homozygous regarding the tested allele and 0.5 in the case if the 

AF is heterozygous. The chance of a randomly chosen male to transmit the allele is specified by using a 

database, that schedules the frequency distribution of person alleles among a specified genetic population 

[25]. 
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Fig. 4: Constructed system flowchart 

 PI can be defined as Ratio of the two probabilities: p(AF is the father)/p(A random man is the father),the 

ratio symbolizes how much preferable the information (genotypes) suits with the assumption that the AF is 

the true father, whereas greater ratio=more proof  that this male is the true father.  The formula can be 

substituted as: 

  PI=X/Y ……………………………….. (1) 
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X = 1.0 if the AF is homozygous for an allele 

X = 0.5 if AF is heterozygous for an allele 

Y = is the opportunity of any male in a population database delivering the allele of obligate paternal, 

depending on the frequency of that allele. 

 PI is specified for every locus after that it is multiplied with each other to determinethe CPI (Combined 

Paternity Index). CPI = it is the probability of observing the whole DNA profile from the true father, if CPI 

> 100 then this = inclusion, so the AF possesses a 99 to 1 probability of being the true father for that child, 

in  lawsuit in court  this percentage would be enough to consider a man as the real father of a child. The 

probability of exclusion would be calculated by consolidate the frequency of the whole genotypes that could 

be excluded depending on the DNA profile of a child. By supposing Child = p alleles, so anything else is = q 

which = 1-p, considering there is no mutations [26]. 

(numerator and denominator) which they are subjunctive to the genotypes of the three main parts of the test, 

the child, mother, and the AF; they will be concluded through utilizing ‘Punnet square’. When computing PI 

two elements (denominator and numerator) must be utilized, as shown in table (3), where the alleles are 

symbolized through the symbols: i, j, k and l, where i does not equal l and j does not equal 1 and k does not 

equal l (one) [27].Where G means genotypes child (C), mother (M), and Alleged Father (AF). Phase 4, is to 

remove all PIs with null values, as they must be deleted, so it would not affect the calculations and impact 

the final result of the calculations. Phase5, which is to set the match-flag vectors, which will appear in a 

generated report through excel, Phase 6, which is to compute the CPI for the accumulated alleles, CPI is 

specified through multiplying the PIs for every tested locus. CPI is the probability proportion that shows 

how many times further probable it is that the tested father or the AF is the true biological father than a 

randomly chosen unrelated male of the same ethnic population. 

 

CPI= PI1 * PI2 * … Pin…………………………... (2) 

Phase7, which is to compute the probability of paternity, as an illustration probability of paternity of 98% 

indicates 98% likelihood that the supposition is true and 2% likelihood that it is wrong. The CPI is utilized 

within Baysian theorem with another term named prior probability.laboratories usually utilize value of 0.5 

for the probability of paternity as a neutral value. The Bayes’ Theorem equation which = 

(CPI / CPI + (1 - PP)) x 100 %.......................( 3) [28]. 

Phase 8, which is to generate a report, contains more detailed data about the test that has been done. 

 

5. Results 

    The aim of the experiment process is to determine the match degree between the laboratory test result for 

paternity, and the results of the constructed automated system, to illustrate the compatibility range among 

them, the experiment process has been conducted on five laboratory tests cases, then to implement these 

tests via the automated proposed system with the same STR markers used in the laboratory test, table 

number 4conducts a comparison between the laboratory test and the results of the constructed automated 

system. It must be mentioned that the tests conducted via the automated system have matched perfectly with 

the laboratory test. Paternity testing softwares have become a beneficial analyzing complex cases of 

paternity and establish an appropriately handle to a wide scope of paternity cases in a simplified easy to use 

automated method. The proposed software is user-friendly and highly minimizes the time of analysis for 
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hard cases of paternity testing, setting aside most provenances of operational and logical faults. Previous 

computer soft wares for analyzing paternity are hard to comprehend for a wide range of researchers, while 

the constructed software combines the analysis of STR markers with the automated technology of computer 

to enable DNA specialist to compute the paternity probability with a decreased level of operational error; as 

the constructed system shows up an error message informing the user that he has left a locus with no 

frequency value, also it is a modifiable panel; if the user entered a specific locus value and he has found out 

that it is wrong, he can modify it without the need to start over the whole test again, furthermore the 

constructed system possesses an extra feature, that would be providing a description for the paternity 

probability such as: paternity practically proven or not predictive, while it does not exist in the previous 

softwares. In addition, comparing to the previous software it does not have frequencies ranges for paternity 

testing through computer the loci, while it does exist in the proposed system. 

 

Table 4: comparison between among tests 

Test type 

 

Test number 

Laboratory test Automated system test 

Test #1 Probability of 

paternity = 99.92% 

Probability of 

paternity = 99.9285% 

Test #2 Probability of 

paternity = 50.00% 

Probability of 

paternity = 50.0484% 

Test #3 Probability of 

paternity = 99.99% 

Probability of 

paternity = 99.9995% 

Test #4 Probability of 

paternity = 62.90% 

Probability of 

paternity = 62.932% 

Test #5 Probability of 

paternity = 99.99% 

Probability of 

paternity = 99.99% 

 

 

6   Conclusions 

    A considerable procedural anxiety for forensic laboratories is utilizing adjacent located STR 

markers; automation has made this process very plain comparing to the old method used inside 

laboratories, the matter of linkage should be taken into consideration.. Nevertheless, statistical 

calculations in ordinary paternity issues are not influenced by linkage and contention paternities 

form the generality of cases for all laboratories. It is preferred that these laboratories execute 

sensitivity calculations and emulation to examine the impact of kinship analysis, particularly in 

paternity testing. The presumption in this paper is based on the fact that science is constantly 

developing and will always search for a better future and substitutional techniques that would be 

superior. STRs have showed to be quite favorable or forensic analysis and are being jauntily 
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adopted for paternity testing by all laboratories. The confusion and cost of mutable well-

established and credible operations will prevent moving to a new technique.  

The presumption in this paper is based on the fact that science is constantly developing and will 

always search for a better future and substitutional techniques that would be superior. STRs have 

showed to be quite favorable or forensic analysis and are being jauntily adopted for paternity 

testing by all laboratories. The confusion and cost of mutable well-established and credible 

operations will prevent moving to a new technique. For this cause, STRs will be the prevalent 

technique for the few incoming years. Other techniques such as SNPs, will keep evolving, but for 

the following 5-10 years will be as a complement to STRs rather than of being as a surrogate. 

With the proposed group of STR loci, it is commonly potential to identify individuals in high 

accuracy especially in paternity testing. 
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