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Abstract: Thirty random cases of Iraqi families contain data of father/son DNA haplotypes have 

been analyzed between 2017-2022 to find out the usefulness of DYS 391 Locus in paternity testing 

using power-plex ®fusion and power-plex ®Y23systems. Scientifically, all cases were confirmed 

and officially reported as an absolute cases of exclusion paternity. A combination of the two systems 

should permit effective analysis with sufficient diversity and discrimination power of the locus. The 

results show significant match (i.e., inclusion) at the DYS391 locus between alleged fathers and 

corresponding sons for both kits in all the cases meanwhile there were no match (i.e., exclusion) in 

many autosomal DNA loci and the rest Y-haplotypes other than DYS391. Furthermore, the results 

revealed only three DYS391 allele polymorphisms; Allele number 10,11and 9 in a percentage of 

69.23%, 27.692% and 3.076% contained in all 30 cases respectively. Allele frequencies, homozygosity, 

haplotype diversity (HD), match probability and the power of discrimination of DYS391 locus (PD) 

were estimated. The observed allele frequencies were (0.692, 0.276 and 0.030) for allele numbers 10, 

11 and 9 respectively. Homozygosity was found to be (0.478, 0.0761 and 0.0009) respectively too. 

Measurement of the upper bound confidence interval (CI) for each corresponding allele was (2.642, 

2.234 and 1.989). Haplotype diversity was (0.451) and combined power of discrimination for DYS391 

Locus was (0.4442). As a conclusion, there is a limitation in certifying DYS391 locus as an exclusive 

locus useful Y-STR in testing paternity and male lineage in autosomal STR kits because of little allele 

variants, poor power of discrimination and gene diversity.  

Keywords: Paternity testing, male lineage, DYS391 locus, Power plex ®fusion system, Power plex ®Y23system, 

Power of Discrimination 

1. Introduction 

Paternity and male lineage are the most important task considerations in forensic 

issues. This is especially in communities that look at the consequences of judicial ruling 

issued against them such as honor crimes, incest, rape, adoption and inherited property 

cases. Iraq as an eastern society is not far from this concept and such communities. 
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Kinship Laboratory of MLD/Baghdad has the responsibility to generate DNA pro-

files successfully analyzed in a rate high 93%. More than 60% of work is related to estab-

lishing parents' names for the purpose of issuing identity cards while other casework in-

volves questioned paternity such as losing or kidnaping children, newborn exchange in 

hospitals and or husband’s doubts about the child’s lineage [1], [2]. 

Off course as it is a daily routine work, the purpose and circumstances for refereeing 

families are usually documented besides forensic report based on DNA Profiles among 

the trio (Father, Mother and son/daughter). Obviously, when there is an absolute denial 

of paternity in initial examination, more than once test should be repeated, preferably 

with different initial kit for deciding the paternal genetic tree. Therefore, in such case 

(power-plex ®Y23) system is used with Power-Plex® Fusion System (Promega) for further 

confirmation. 

Power Plex® Fusion System consists of 24 autosomal locus multiplexes including 

amelogenin plus male-specific additional marker which is DYS391 locus [3]. As it is 

known, the Y chromosome has a useful STR markers used in forensic purposes so as au-

tosomal one but yet is being limited since it descended from father to son without recom-

bination. However, the properties of male haplotypes specific DNA Kit like in power-plex 

®Y23system make it becoming a key part of studies of human identity testing, forensics 

genetic, male lineage and paternity testing [4], [5]. 

In the two a above mentioned kits, DYS391 Locus is being contained in both systems. 

DYS391 Locus is considered as a   single copy Y STR known as a “minimal haplotype " 

which has been also included with the "extended haplotype " used in Europe. [6-7].  

This locus is a tetrameric repeat region found in a Y-chromosome location Yq11.21 

i.e.  at the long arm far from the amelogenin, so far its pattern in families reflects a (Y-

specific linked locus) besides a (polymorphic X locus) with an X-linked pattern of inher-

itance. The repeat category or motif is TCTA. In addition, it’s allele range is between (5-

17) therefore, the allele range and gene diversity were described as relatively narrow and 

low for males. However, DYS391 locus is not affected by degradation of DNA so it’s 

known to be stable [8], [9], [10].  

Also, to improve specificity and applicability of DYS391 locus to be of high Y- spec-

ificity, the primer had been designed and developed for amplification using a novel se-

quence (GATA) as a repeat tetrameric sequence for the characterization and identification 

of STRs in DYS391 locus as well as the whole Y systems later. [9], [11], [12]. 

However, based on what have been mentioned, a common sense question arises by 

participant in training or new examiners about the feasibility of existence and the unique-

ness of DYS391 locus in an autosomal STR system 24-Fusion kits in testing paternity? 

Now, whatever the causes of case reference, number and types of kits nor primers or re-

peat sequence of DYS391genetic locus, data has been accumulated annually for each locus 

and allele in the Kinship laboratory of MLD. The review of such data helps study of vari-

able forensic parameters each locus, one of them is estimation of power of discrimination 

and gene diversity besides other forensic parameters to assess the usefulness of DYS391 

STR in paternity male lineage testing. 

The aim of the present study is to track the usefulness of DSY391 Locus as a single 

Y Chromosome haplotype included in autosomal 24-Fusion power plex kit in testing pa-

ternity for Iraqi Arab Population. Now to attain such goal, some important forensic pa-

rameters and indices must be estimated which should permit effective confidential anal-

ysis for the locus. 

2. Materials and Method 

A retrospective study of thirty (30) work cases of randomly chosen families have 

been selected between (2017-2022) in the laboratory Kinship of MLD/Baghdad.  All work 

cases had been processed, confirmed and reported as mis-matched DNA Profiles between 

alleged fathers and their sons under suspicion. 



        640  

  
Central Asian Journal of Medical and Natural Science 2024, 5, 638-648              https://cajmns.centralasianstudies.org/index.php/CAJMNS 

All the families had identified themselves as (Arabs) originated from different Iraqi 

provinces where the majority lived in the middle and south of Iraq. All fathers and 

mothers were consanguineously unrelated. 

2.1. Sampling 

Blood samples were collected with informed consent from 30 families (27 work cases 

were composed of a trio of father, mother and son) and (3 cases were composed of Father, 

Mother and 2 sons). Therefore, the total number of samples was for 65 fathers and sons.  

All the blood samples were collected from their finger 's tip by lancet, then stored and 

labeled on FTA™ Classic Cards, Whatman™ (GE Healthcare, UK) until analysis. 

2.2. Method 

 Direct amplification (PCR) was performed on the punched dried blood on FTA Cards 

for two systems: power plex ®fusion and power-plex ®Y23 (Promega) according to the 

manufacture protocol for each kit aiming comparison and confirmation.  A Gene Amp® 

PCR System 9700 (Applied Biosystems with serial No.805S1241621) thermal cycler was 

used. 

2.3. Genetic Electrophoresis and Analysis 

 The PCR products as mentioned in the technical manual were run on 3130 xl Genetic 

Analyzer® (Applied Biosystems, USA. with serial No.18222-027). The data were analyzed 

with Gene Mapper ID Analysis Software (Applied Biosystems, USA.v3.2). Power plex 

®Fusion and Power-plex ®Y23systems were used for investigation, therefore the data 

were analyzed for establishing the DNA and Y Profiles for each case. 

2.4. Statistical analysis 

 Counting method and some mathematical equations have been used to extract the 

forensic parameters such as allele frequencies, homozygosity, random match probability, 

haplotype diversity, upper bound confidential interval, power of discrimination and 

match probability of the combined DYS391 loci. 

3. Results 

The outcome results of Autosomal STR DNA Profiles of Father/Sons for all 30 stud-

ied families including DYS391locus are shown below in table-1. 

All designated haplotypes of Y Chromosomes STR including DYS391 locus for all 

studied Father/Sons are shown below in table-2. 

Being concentrating on DYS391 locus, there are three allele polymorphisms have 

been documented in this study; Allele number 10 (69.23%), allele number 11 (27.692%) 

and to the lesser extent allele number 9 which has been identified in only (3.076%) of all 

30 work cases as it's shown in table-3. 

Few useful forensic parameters of DYS391 Locus (number of allele occurrence, ob-

served allele frequencies, homozygosity, random match probability, upper bound confi-

dential interval, haplotype diversity, match probability and combined power of discrimi-

nation) have been calculated and listed with their formulae in table-3 below.  
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Table 1.  The Autosomal loci of 30 families amplified by power plex® Fusion kit are 

shown in bold lines revealing the mismatch between the alleged fathers and corresponding 

sons. DYS391 locus haplotypes have been shaded in pink color. 
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`  Table 2. The Y Chromosome loci of 30 families amplified by power-plex® 23 Y kit are 

shown in bold lines revealing the mismatch between the alleged fathers and corresponding 

sons. DYS391 locus haplotypes have been shaded in pink color. 
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Table 3. The presentation of the important DYS391 forensic parameters values plus their 

representation and formulae. [6], [13], [14] 

 

 Three families out of the total 30 work cases were chosen from table -1 and -2 to 

demonstrate DYS391 alleles variants in figures. Those families were designated as Family 

Number; (No.)1, 14 and 29. As it is shown from Figures - A1, A2 and A3 below, alleles No. 

10 ,11 and 9 have been illustrated by a red circle each, whereas some autosomal alleles 

were being pointed by blue arrows in DNA Profiles of Father (a) and Son (b) which prove 

the biological exclusion of Father's son relationships in Families No. 1, 29 and 14 

respectively. 

 

 

 

 

 

 

 

Figure A1 [a &b]: Comparison of some autosomal loci (blue arrow - mismatch) plus 

DYS391 allele 10 in (red cycle- match) in DNA Profiles of Father / Son Family No. 1 of 

power-plex ®fusion system. 
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Figure -A2 [a &b]: Comparison of some autosomal loci (blue arrow - mismatch) plus 

DYS391 allele 11 (red cycle- match) in DNA Profiles of Father / Son Family No. 29 of power-

plex ®fusion system.  

 

 

 

 

 

 

 

FigurA3 [a &b]: Comparison of some autosomal loci (blue arrow- mismatch) plus DYS391 

allele 9 (red cycle- match) in DNA Profiles of Father / Son Family No. 14 of power-plex 

®fusion system. 

 For further confirmation as it is shown in Figures -B1, B2 and B3- below, alleles 

number 10 ,11 and 9 have been illustrated by a red circle each, whereas some Y Haplotypes 

were being pointed by blue arrows in both Y Profiles of Father (c) and Son (d) which prove 

the male lineage exclusion of Father's child relationships in Families No. 1, 29 and 14 

respectively too. 

 

 

 

 

 

Figure-B1 [c & d]: Comparison of some Y haplotype loci (blue arrow- mismatch) plus 

DYS391 allele 10 (red cycle -match) in Y -Profiles of Father / Son Family No. 1 of power-

plex ®23 Y.  
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Figure-B2 [c & d]: Comparison of some Y haplotype loci (blue arrow- mismatch) plus 

DYS391 allele 11 (red cycle -match) in Y -Profiles of Father / Son Family No.29 of power-

plex ®23 Y. 

 

 

 

 

 

 

 

Figure -B3 [c & d]: Comparison of some Y haplotype loci (blue arrow- mismatch) plus 

DYS391 allele 9 (red cycle- match) in Y -Profiles of Father / Son Family No. 14 of power-

plex ®23 Y. 

 The outcome results confirm the complete match in DYS391 locus between all alleged 

father/son pairs in all family’s despite of mismatch father/ son pairs using two different 

kits. 

4. Discussion 

 The DNA paternity test provides a typology and a facilitative mechanism for men 

about their paternity or non-paternity [15]. 

 Obviously, the greater the variety and independent assortment of alleles in DNA, 

the greater the ability to distinguish father /child primary relationship. Hence, allele 

ranges, locus characteristics and probability of identity (PI) of different STR loci had been 

studied thoroughly by forensic scientists’ community to help assess the benefits of adding 

loci to the common 13 CODIS core loci. Moreover, empirical tests of association independ-

ence of Y and autosomal markers and a theoretical framework for determining a joint 

match probability was recommended in many previous studies [9,16,17].  

 Therefore, a part from what have mentioned above, here we will discuss the useful-

ness of using the single copy locus DYS391 in testing father/son relationship obtained 

from Arab Iraqi families work cases. 

 Unexpectedly, the show results in table (1) and table (2) revealed perfect match in 

DYS391 between alleged fathers and the corresponding sons in all cases despite of abso-

lute denials of paternity, such congruence calls into question about the strength and effec-

tiveness of such locus in paternity! 

 The results also revealed only three allele polymorphisms for DYS391 in 65 tested 

samples i.e. little allele variants; the commonest allele was allele No. 10 in a percentage of 

69.23%, then allele No.11 (27.692%) and to lesser extent allele No. 9 in only (3.076%). In 
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addition, the observed allele frequencies as its shown in table (3) were (0.692, 0.276 and 

0.030) for allele numbers 10, 11 and 9 with 95% upper bound confidence interval (CI) of 

(2.64, 2.23 and 1.98) respectively. Surprisingly, our result is compatible with many other 

population genetics whose allele No.10 was the commonest allele whether in Iraq or many 

countries near or far from it. [9,18,19,20,21]. Nevertheless, in another study which was 

being performed for Iraqi population in 2020, allele No.10 was found to be in second se-

quence after allele No.9 in a data of 1032 total samples [22], perhaps this is due to the fact 

that the current study relies on small number of families rather than large scale numbers 

of sample or data. 

 On the other hand, the characteristic of different kits like power plex ®fusion and 

power plex Y systems is expected to be similar for DYS391 at allele numbers correlate and 

the number of repeats. [7,23]. Therefore, the forensic indices of DYS391 locus have been 

estimated for the combined three alleles. In table (3), hemizygosities were 0.4788, 0.0761 

and 0.0009 for allele No. 10, 11 and 9 respectively. Random match probability (RMP); was 

found to be of value 30 which considered high among the selected families of 65 samples.  

 Furthermore, the match probability of combined alleles in DYS391 locus (PM) was 

0.5558 i.e., the probability to find different genotypes is low. Meanwhile the gene diversity 

was 0.451 and the power of discrimination was low to 0.4442. These values reflect the poor 

haplotype diversity and discrimination ability of the DYS391 locus in this study. Although, 

in Paternity and male lineage test it's important to remove any suspicion about identity of 

child's father but in the present study, 30 families examined for DYS391locus, not much 

different in genotypes neither much specific information has been found. This result is 

due to the low polymorphisms, narrow allele range features besides the lack of heterozy-

gosity and the probability for the locus of being exclusively not highly discriminated nor 

much useful for paternity purpose for Iraqi cases under investigation. 

 Fortunately, the abundance of genetic markers in 23 Y power-plex system perhaps 

has boosted the strength of identification of non-paternity work cases to the strength of 

autosomal STR one. But we must say, because of the prevalence of consanguineous and 

overlap marriages between tribes and clans that characterizing Iraqi society, autosomal 

STR examination is mandatory to establish paternity here.  Our study on families also 

confirms the suggestion of using well organized two-stage approach in human identifica-

tion to save cost and is useful in mother side deficiency cases. [7,9,10,24].   

5. Conclusion 

 There is a limitation in certifying DYS391 locus as a useful Y-STR in paternity and 

male lineage in Arab Iraqi population because of low allele variants. practically, substitu-

tion of a highly polymorphic Y STR locus instead in association with autosomal markers 

is recommended for paternity. Finally, Further studies for evaluation of the usefulness of 

DYS391 STR in forensic purposes other than paternity are recommended here such as in 

mixed samples of rape and degraded DNA in Mass Grave cases. 
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