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ABSTRACT

Background:
The Alu element is a widely distributed short interspersed nuclear element (SINE) in the human

genome and has important applications in forensic science. The current study focused on assessing the
effectiveness of Alu insertion polymorphism in forensic DNA profiling to identifying samples of
some individuals living in the Babylon Governorate.

Materials and methods:
DNA was extracted From frozen blood samples (60) individuals were collected from Babylon - Al-
Hilla Governorate from 8/8/2022 until 8/9/2022.
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Results:

purified then a PCR technique Alu insertions were A(2921.1)(111-115bp) 0.75, Alu deletion (0.25),
B(8g23.1) (0.375) (0.625) C(13g34) (0.5)(0.5), D(15¢23) (0.775) (0.225), E(16q23.3) (0.692) (0.308)
and F(19913.12)(0.616)(0.384) respectively.The alleles with Alu insertions at (2921.1) were the most
prevalent, whereas the Alu insertions at (8923.1) were the least common. The similarity coefficient
among individuals varied from 0.4 to 1, based on the proportion of genetic relatedness between them.
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“ Conclusions:

[;- Alu elements have efficacy in families’ discrimination it can be used more than one site, set of Alu
s insertion sequences should be used to accurate results.
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Keywords, Alu elements, individual discrimination, forensic identification, families discrimination,
PCR technique
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INTRODUCTION

The human nuclear genome consists of 23 chromosomes, and has over 3 billion base
pairs (bp). The human genome is still being sequenced with analyzed Genes and intergenic
non-coding sequences [1, 2].

Retrotransposons and transposons in DNA. its sequences that are inserted into a new
regions of the genome by transfer elements. This is a process called translocation. DNA
transposons are transferred using the "cut and paste™ method. Translocation is the process by
which DNA transposons move from one location in the genome to another. Retrotransposons,
on the other hand, copy and insert their DNA during transposition, spreading throughout the
genome[3, 4]

The Alu family of repeated elements was first recognized as a subset of repetitive DNA
that exhibited specific cleavage patterns when exposed to the restriction enzyme Alul.[5, 6].
Alu elements are derived from the 7SL RNA gene, which is responsible for producing an
essential component of the signal recognition particle in the endoplasmic reticulum. Alus
share around 90% sequence similarity with the 7SL.[7-9]. They constitute approximately
11% of the human genome and exist in over 1,000,000 copies per haploid genome, with an
average distance of one copy per 4 kb[9].

Alu elements consist of two identical sequences [10, 11]. with the left half including the
characteristic internal RNA polymerase 111 split promoter [12, 13]. SINEs are characterized
by a short A-rich linker connecting the two dimers, as well as a 3-oligo-dA-rich tail that
varies in length, potentially reaching up to 100 base pairs, contingent upon the particular site
[14]. Alu repeats are commonly flanked by direct repeats that arise from the replication of
target sequences during the integration process. The movement of these components occurs
through retroposition, facilitated by an intermediary transcript generated by RNA polymerase
[11.[15, 16]. Their location on chromosomes tends to favor R bands or places rich in AT base
pairs [17]. Alus are thought to undergo retrotransposition by utilizing an L1-encoded reverse
transcriptase [18, 19].The Alu elements originated during the primate radiation approximately
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E 65 million years ago[20]. [20] . Currently, a limited number of source genes, referred to as
E 'master genes," are undergoing amplification at a rate of around 8x10% new Alu insertions per
- year [21, 22].

b Therefore, Alu insertions that exist in several individuals not only share similar

properties but also share a common lineage. Thus, if two individuals possess an identical
insertion, it is highly likely that they share a common ancestor in whom the insertion
originated. Furthermore, there is yet no established technique for completely and specifically
eradicating an ingredient. Therefore, the lack of insertion suggests that the original state is
more probable [23, 24].
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Allele Frequency Overview

The allele frequency considers all alleles, including recessive alleles that are "hidden™ inside
carrier species, in contrast to the phenotypic ratio. The phenotypic ratio only describes the
actual physical features, or phenotypes, that exist within a population. To calculate the allele
frequency, scientists must account for heterozygous people who could be hidden a recessive
geneThe Hardy-Weinberg equation, which defines the connection between two alleles within
a population, is most frequently used to compute allele frequency. The true allele frequency
must be calculated using advanced methods when there are more than two alleles. The
frequency of an allele may change over time as a population adjusts to evolution by having
more or less copies of a particular allele [16].

THE AIM OF THIS STUDY
focused on assessing the effectiveness of Alu insertion polymorphism in forensic DNA
profiling to identifying samples of some individuals living in the Babylon Governorate
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MATERIALS AND METHODS
Subject

The sample of this study consist of (60) individuals were collected from Babylon - Al-
Hilla city from 8/8/2022 until 8/9/2022, where the number of males was (33), at a rate of
55%, and females were 28, at a rate of 45%. In the sitting posture, individuals were given
disposable 3mL syringes to take venous blood samples. Each individual had a vein punctured
to retrieve three milliliters of blood, which were then placed into EDTA tubes. To be utilized
in the study, blood in EDTA tubes was kept in a deep freezer at - 4 °C.
DNA extraction
Genomic DNA from white blood cells (WBCS) for 60 individual were extracted DNA
extraction kit (Favorgen FavorPrep™ Blood Genomic DNA Extraction / Taiwan).
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; PCR Amplification

. The primers:

[ Primer

b. 'me Sequences Reference
By Name

F5'- CGCCTCTTCTCCTTCTGTTT-3

2021.21 | R-5'CCCGGCCTCGTCTCTTTT-3
R1-5GTTCTCCTCACTCGTCTCTT-'3
F-5'GTTTGACAGTCTTCACAGGC-'3

8023.1 R- 5’AACCCGGCCAGCCCATTTT-'3

R1-5' AATGTAGAAGTCAAGCCCATTTT-3

19913.12 | F-5’AAATAACTAAACGTTGGAATATAATTAAGGCT-3
R- 5" AACGGCCGCGATAAAGTTTT-3

R1-5' TTATTACTTCCAGCGATAAAGTTTTTAGT-3
16923.3 | F-5'AATTTTGAAAAGAAAGGACAAAGTTGG-'3

[25]
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R-5'CAGGTGTGACATATGTCCAT-3
R1-5TGCTCCATTTATCCATGTGTC-'3
F-5’ACTGAGCAAAATATGACTTAGGAA-'3

15923 R-5’AACCGGCCCCGATATGATTTT-3
R1-5’AACAGTATGAATCCGATATGATTTT-'3
F-5TGTACTTAATGCCACTACACTG-'3

13934 R-5’AAACGGCCCCCTATGAATTTTT-'3
R1-5’AATCATCCCTGCCCCTATGAATTTTT-'3

First, PCR optimization was carried out utilizing a gradient temperature between 54°C, 57,
and 59°C with 2°C step changes in the PCR wells. This was crucial in figuring out the ideal
annealing temperature.

The program described herein was implemented within a thermocycler system for the
purpose of amplifying certain DNA segments, The initial amplification PCR's other
conditions (94 C° DNA denaturation ,57 C° primer annealing ,72 C° elongation and 4 C°
incubation) as established by gradient PCR, remained the same, and the annealing
temperature was (57 C°).

Determine the Allele Frequency

In order to accurately determine the overall number of alleles within a given population, it is
imperative to consider all existing phenotypes. The expression of phenotypic traits linked to a
specific allele is frequently masked when dominant and recessive alleles interact
synergistically. The examination of allele frequency within a population is conducted by
researchers through the utilization of the Hardy-Weinberg (HW) equation. The subsequent
mathematical expression is employed within the framework of the Hardy-Weinberg
equation..:

p*+2pq+ =1

- The variables P and q are used to denote the frequency of alleles within a population.

- The variable "p" denotes the frequency of the homozygous dominant genotype.

- The variable "g" in this context denotes the frequency of the homozygous recessive
genotype [16].

Polymorphic Information Content (PIC) is a measure used in genetics to quantify the
amount of polymorphism in a population. Polymorphism refers to the occurrence of two or
more distinct phenotypes or genetic variants within a population. PIC is often used in the
context of genetic markers, such as Single Nucleotide Polymorphisms (SNPs) or
microsatellites.PIC is calculated based on the frequency of different alleles at a given genetic
locus. It provides an estimate of the informativeness of a genetic marker. The higher the PIC
value, the more informative the marker is for distinguishing between individuals or
populations.The formula for calculating PIC varies depending on the type of genetic marker
being analyzed, but it generally involves the allele frequencies at a locus. PIC values range
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from 0 to 1, with higher values indicating greater polymorphism and informativeness of the
marker[26].

https://gene-calc.pl/hardy-weinberg-page

This web allows examining the compliance between observed and expected number of
genotypes based on Hardy-Weinberg law.

RESULTS AND DISCUSSION

The process of extraction or purification The DNA fragments were obtained by
extracting and purifying the genomic DNA from blood samples of the individuals and
their family members. Subsequently, agarose gel electrophoresis was performed as a first
step to confirm the presence of DNA samples following the extraction process. The DNA
band of the blood samples appeared in Figure 1.
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Figure (1) The process involved in this experiment includes the isolation of whole DNA
from a blood sample, followed by the utilization of 1% agarose gel electrophoresis. The
electrophoresis was conducted using a TBE 1X buffer solution, with a voltage of 75 volts
and a current of 20 mA, for a duration of 1 hour. Each well contained a volume of 10 pl

vé\\v

Alu elements amplification:

PCR technique was used to allow DNA amplification. the Alu elements region was
targeted using primers ((2921.1)(111-115bp), (8923.1)(130-134bp), (13934)(116-120bp),
(15923)(98-102bp), (16923.3)(120-124bp) and (19q13.12)(104-109pb)) fig.(2)
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Figure (2) The polyacrylamide electrophoreses pattern of PCR product for Alu elements
region A(16¢23.3) (120-124bp) , B (19q13.12) (104-109pb) C(13qg34) (116-
120bp), D(15q23)(98-102bp), E(16023.3)(120-124bp) and F (19g13.12) (104-
109pb), This amplification produced bands 100-160 bp under condition
annealing 57 Ce, M: Promega ladder, Lane 1-11 PCR product of Alu elements
region.

vé\\v

In Table 1. Show Allele frequency, observed, expected, chi-square, p-vAlue, and
fixation index for Alu elements region(A((2921.1) (111-115bp), B(8g23.1)(130-
134bp),C(13934)(116-120bp),D(15q23)(98-102bp), E(16923.3)(120-124bp) and
F(19913.12)(104-109pb)). The frequencies of alleles containing Alu and without Alu varied
between 0.225 and 0.775, with a ratio of 0.616:0.384, in the group of 60 people. indicating
that certain populations possess distinct genetic traits and exhibit an intricate nature in the

TSy S T T

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com

Page | 67


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive

_ JOURNAL OF UNNERSITY OF BABYLON
A“Icle Vol.32; No.2.| 2024

l:ow Dure and AppheJ Sciences (JUBPHS)

establishment of ethnic groups. The observed chi-square vAlue is statistically significant at a
significance level of P<0.05. Two autosomal Alu markers exhibit Hardy-Weinberg
disequilibrium in a sample of 60 individuals. The B (8923.1) region has a length of 130-134
base pairs and a frequency of 0.096. The D (15g23) region has a length of 98—102 base pairs
and a frequency of 0.59. The remaining regions have a chi-square vAlue that is statistically
significant at a level of P<0.05. The genetic loci A (2921.1) span 111-115 base pairs, C
(13934) spans 116-120 base pairs, E (16g23.3) spans 120-124 base pairs, and F (19913.12)
spans 104-109. If, at the chosen level of significance, there are statistically significant
changes, the application will calculate the fixation index (Fis). Positive vAlues may indicate a
decrease in heterozygosity, which can be produced by the Wahlund effect, inbreeding, or
genetic drift. A negative Fis value indicates an abundance of heterozygotes [27].

ISSN: 2312-8135 | Print ISSN: 1992-0652

No statistically significant disparities were seen in pairs of polymorphic Alu insertions
situated on the same chromosome. Afterwards, the Alu profiles obtained from each family
were thoroughly analyzed, marker by marker. Surprisingly, all six markers displayed perfect
correspondence between the father, mother, and children.

In figure (3) show the allele frequency for All Alu elements region.The comparative
efficiency of present results for overall study population are summarized in table (1), If
statistically significant differences exist at the chosen level of significance, the application
will calculate the fixation index (Fis). Positive vAlues of Fis may indicate a decrease in
heterozygosity, which could be caused by factors such as the Wahlund effect, inbreeding, or
genetic drift. Negative Fis vAlues indicate an abundance of heterozygotes resulting from
either selective breeding or a bottleneck effect. The formula for calculating the fixation index
(FIS) is 1 minus the ratio of observed heterozygosity to anticipated heterozygosity.
Significant results observed in A (2921.1), C (13g34) and F(19913.12) in study population
than others Alu sites.
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Table (1): Allele frequency, observed, expected, chi-square, p-vAlue, and fixation index for Alu elements region A((2g21.1) (111-115bp),
B(8023.1)(130-134bp), C(13q34)(116-120bp), D(15q23)(98-102bp), E(16023.3)(120-124bp) and F (19q13.12)(104-109pb))

ISSN: 2312-8135 | Print ISSN: 1992-0652

“E., Observed Allele frequency. Expected Yate's
1 p-vAlue chi-square Yate's
. i- Alue *fj
¢ Alu Alu | Alu insertion . . . . . .| Aluinsertion PIC Chi-square VAl fis
Alu o _  |Alu insertion| Alu deletion | Alu insertion | Alu deletion _ p-vAlue
insertion| deletion |/Alu deletion /Alu deletion

% A (2021.1) (111-115) | 45 15 0 0.75 0.25 33.75 3.75 22.5 0.375 0 60 55.751 0 1

> | B(8023.1)(130-134) 9 24 27 0.375 0.625 8.4375 23.4375 28.125 0.5339 | 0.95313 0.096

NG (13g34)(116-120) 1 1 58 0.5 0.5 15 15 30 0.64 0 52.26667 | 49.5083 0 0.9333
;A D(15923)(98-102) 35 2 23 0.775 0.225 36.0375 3.0375 20.925 0.4106 | 0.7445 0.59 0.2216 | 0.8950

«

f: E(160923.3)(120-124) 34 11 15 0.692 0.308 28.73184 5.69184 25.57632 0.5169 | 0.00587 10.27739 0.4139
p. | F(19913.12)(104-109) 37 23 0 0.616 0.384 22.76736 8.84736 28.38528 | 0.4728 0 60 56.81781 0 1
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Allele frequency represented by observed and absence alleles clarified in fig (3) For Alu
elements region 1((2921.1) (111-115bp), 2(8923.1)(130-134bp), 3(13934)(116-120bp),
4(15023)(98-102bp), 5(160923.3)(120-124bp) and 6 (19q13.12)(104-109pb)), the observation
alleles were high in 1, 4, 5 and 6 than alleles absence, while equal percent was found in 3 and
high absence allele in 2.

0.9 075 0.775
= 08 0.692
g 0.7 0.625 0.616
= 0.6 0.5 0.5
L. o5
0.375 0.384
g 0.4 0.308
@ 03 0.25 0.225
- 0.2
< o1
0
1 2 3 4 5 6
/4 0.75 0.375 0.5 0.775 0.692 0.616
/- 0.25 0.625 0.5 0.225 0.308 0.384

Alu elements region

m+/+ m-/-

Fig. (3):Allele frequency for Alu elements region1((2921.1) (111-115bp), 2(8923.1)(130-
134bp),3(13934)(116-120bp),4(15q23)(98-102bp), 5(16023.3)(120-124bp) and 6
(19913.12)(104-109pb)).

+/+ : Alu insertion,

-/- = Alu deletion
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Figure (4) the phylogenetic tree of Alu elements of the study population.

In the figure (4), it is shown that there are three basic clusters and under a branching cluster
from the main cluster, as these three clusters represent three brothers and their children, as the
kinship relationship between these families is evident, and there is a great match between the
individuals in the positions of the six Alu elements, due to the presence of high marriage between
these individuals, reaching up to Three generations, where, for example, sample No. (34,35),
(38,39), and (44,45) show a complete match, as the similarity vAlue between individuals equals
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one according to figure. (4) and samples (36,37) and (31,32). (53,54) Less matching, where the
similarity vAlue between individual’s ranges between (0.7 - 0.9) according to figure No. (5) from
the previous samples comparing people with their cousins, and matching is less for samples
(28,30), where the similarity vAlue is Between individuals, it ranges between (0.4-0.6) according
to figure (5) due to the occurrence of mating of some individuals outside the scope of these
families (strangers).

This work employed the multiplex genotyping technique to analyze 6 polymorphic Alu loci.
The analysis involved three separate amplifications and capillary electrophoresis. This technique
enabled differentiation of numerous genetic loci using minimal quantities of DNA and would be
appropriate for personal identification purposes.

While the majority of Alu insertions remain unchanged in the genome, a certain group of
them display variation across the human population. Mamedov [28] analyzed polymorphic Alu
loci in population samples and provided a set of markers derived from polymorphic Alu
insertions for the purpose of individual identification.. Alu insertions primarily function as a tool
for analyzing ancestry. and correlation with specific diseases[29] the studies [30, 31].
emphasized the capacity of several Alu loci. Furthermore, the utilization of an Alu loci marker set
can provide valuable information, especially when genotyping STR profiles proves to be
fruitless.  polyacrylamide electrophoresis is a cost-effective approach for genotyping Alu
fragments. It can be used for many Alu loci without the need for complex tuning of PCR settings,
as described by[32]. However, this approach would pose challenges in identifying longer
segments (>500 bp) for handling limited or degraded DNA templates. In contrast, the three
amplification methods employed in this investigation yielded fragments of limited length,
specifically 150 base pairs or less. Reducing the size of the amplicons can be advantageous for
Alu genotyping in fragmented DNA. Fluorescence-based detection generally exhibits higher
sensitivity compared to agarose-based techniques. The PCR for multiplexing 10 loci required an
ideal amount of DNA ranging from 0.5 to 1 ng. Conversely, a standard agarose-based technique
necessitates 1-10 ng of DNA for a solitary Alu locus. Utilizing an automated sequencer equipped
with a fluorescence detection system is the prevailing practice in forensic genetic laboratories.
However, this technique necessitates more improvement in order to effectively identify PCR
results. Moreover, this technique is beneficial for doing high-throughput genotyping using multi-
capillary formats. So, using multiplex PCR along with fluorescence-based capillary
electrophoresis detection is a good way to figure out the genotype of many Alu sequences.
Complete profiles of Alu loci were detected from a DNA sample of 0.25 nanograms. As
expected, the amplification process using less than 0.25 ng of DNA left out genetic markers and
variations that were expected. This suggests that the amplification genotyping was affected by
random factors[33].

Other than capillary electrophoresis-based detection, there are several technologies that
utilize high-resolution melting analysis. dHPLC or Microchips have been developed for the
purpose of detecting Alu insertions. The most suitable genotyping method should be chosen
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based on the number of samples or Alu loci. This approach enables the differentiation of six Alu
loci by utilizing FAM-labeled smaller fragments, while also allowing for the simultaneous
analysis of larger loci using other fluorescent dyes. Increasing the size of the data sets, including
polymorphic Alu insertions, would improve the ability to differentiate between individuals.
Therefore, it is necessary to conduct a more thorough screening of polymorphic Alu insertions in
order to advance this method[34].

The relevance of mass human genotyping is growing. Human genotyping databases may be
used to identify victims of catastrophic catastrophes, identify suspects using biological evidence
collected from the site of a crime, determine paternity, and address a host of other issues. Human
genotype database initiatives for the entire population or specific demographic groups are being
proposed in a number of nations. Numerous molecular genetic markers (MGMs) of various
kinds, including as STRs and SNPs, are included in human genetic passports. Despite the fact
that these large-scale undertakings seem labor-, money-, and time-intensive, they may have
significant benefits in many facets of life. Within the next ten to twenty years, individual genome
sequences might be possible due to significant advancements in human genome sequencing
technology [35].

Every person's whole genome will inspire medical genetic research and yield a wealth of
unique DNA markers. However, it would be helpful to have a small, universal collection of
neutral markers to generate "genomic fingerprints.” Thus, the development of a genetic marker
collection that enables quick, simple, and affordable identification of humans is a crucial and
pressing problem. Since the publication of the human genome structure and the accumulation of
data on the diversity of the human genome, Multiple genetic methods for human identification,
utilizing Short Tandem Repeats (STRs) and Single Nucleotide Polymorphisms (SNPs), have
been developed and implemented. Short tandem repeats (STRs) formed the basis for most early
human genotyping systems, each of which featured multiple alleles with diverse population
frequencies. Despite their higher mutation rate, these markers possess a highly effective
discriminatory ability [36].

Systems based on these kinds of MGMs have been created as a consequence of the
collection of human SNP data. Most of the time, a single SNP is biallelic and has less
discriminating power than a STR. On the other hand, using more polymorphic loci yields a high
enough degree of discriminating that is equivalent to STR-based systems.7. Furthermore,
compared to STRs, the mutation rate of SNP markers is lower. For the purpose of detecting SNP
alleles, a variety of methodological techniques have been developed, including mass
spectrometry and allele-specific PCR. Most of the time, locus-specific amplification using a set
of primers is necessary for STR and SNP typing, and allele detection using capillary
electrophoresis or allele-specific real-time PCR follows[37].

A novel class of MGMs based on RE insertion polymorphism has gained popularity in
population research within the last ten years. These markers are promising candidates for human
genetic identification because they have many properties that make them belong to a form of

Page | 73

ISSN: 2312-8135 | Print ISSN: 1992-0652

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive

_ JOURNAL OF UNIVERSITY OFBABYLON
A“Icle Vol.32; No.2.| 2024

Eow Duve and AppheJ Sciences (JUBPH.;)

Py D T T ey S Ty S D T e ey 6T

T

Y >

°

{ r»,,fnu,i ff'.f.

vé‘\v

TSy S Y T

biallelic indel (insertion/deletion) polymorphism. Numerous investigations aimed at discovering
novel polymorphic RE insertions have yielded a growing quantity of potential MGMs dispersed
throughout the whole human genome. Two available databases include information on the
population distribution and chromosomal location of several polymorphic RE insertions. The use
of RE-based genetic markers for cell line fingerprinting has recently gained traction[38, 39].

Alu were employed to genotype several cell lines, yielding distinct multilocus profiles for
every cell line. the developed a straightforward and affordable human genetic identification
method using highly polymorphic and equally dispersed Alu insertions. findings were compared
with previously published data, it became clear that all of the chosen polymorphic Alu insertions
were found in genetically distinct groups with comparable allele frequencies. These results are
positive Owing to limited amounts of DNA in many crime cases, it is important to perform
genetic tests on samples with only traces of genomic DNA [40].

A minimum input template of only 32 nanograms is adequate for the identification of all
variable Alu insertions, and even small quantities of DNA do not hinder the accurate
determination of alleles. Furthermore, it was determined that a single buccal scrape provides
adequate DNA for accurate Alu typing, eliminating the necessity of drawing blood to get human
genetic profiles. The impact of ultrasonic DNA degradation on the accuracy of human
genotyping using the polymorphic Alu set was found to be minimal. Nevertheless, extensive
DNA degradation can impede the amplification of alleles containing Alu sequences, and this
factor must be considered when examining specific types of human samples, such as those
impacted by fire[41].

In a study in Morocco[42] Forensic DNA typing incorporated Alu inserts in its analysis of
individuals residing in southern Morocco. The article presents a thorough investigation of seven
specific locations that have experienced the addition or removal of human Alu pieces. The
investigation was carried out on a sample of 215 unrelated adults who were in good health. This
sample included five distinct Berber sous populations and one Sahrawi sous community. We
acquired precise data on genotype frequency and other genetic factors that are relevant in
forensic investigations. These findings align with the results of our research.

The Alu element is a highly prevalent short interspersed nuclear element (SINE) found in
the human genome, possessing significant forensic applications. An investigation was conducted
to assess the usefulness of Alu insertion polymorphism in forensic DNA typing within a sample
of the Jordanian population located in central Jordan. Polymerase Chain Reaction (PCR) was
used to amplify Alu insertions in seven distinct genomic loci[43].
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Ethical approval

The study was conducted in accordance with the ethical principles that have their origin in
the Declaration of Helsinki. It was carried out with individual verbal and analytical approval
before sample was taken. The study protocol and the subject information and consent form were
reviewed and approved by a local ethics committee according to the document number B220902
(including the number and the date in 28/9/2022) to get this approval.

CONCLUSIONS
Alu elements have efficacy in families’ discrimination it can be used more than one site, set
of Alu insertion sequences should be used to accurate results.
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