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Abstract

The recently introduced 6-dye Yfiler Plus multiplex which includes 27 Y-STR
loci (DY S576, DYS3891, DYS635, DYS38911, DYS627, DYS460, DYS458, DYS19,
YGATAH4, DYS448, DYS391, DYS456, DYS390, DYS438, DYS392, DYS518,
DYS570, DYS437, DYS385 a/b, DYS449, DYS393, DYS439, DYS481,
DYF387S1a/b and DYS533) has been used to study 343 UAE Arab male individuals
using Yfiler Plus® amplification kit. This set includes seven rapidly mutating loci (RM
Y-STRs). These RM Y-STRs are useful for discriminating between closely related and

unrelated males..

According to measures of genetic diversity the highest diversity were observed
at loci DYS385=(0.94984), DYF387S1=(0.930523) and DYS449=(0.895402).
Therefore, these loci should be considered the most diverse and polymorphic for
forensic testing which can be used to distinguish between male relatives. 313
haplotypes were observed in UAE Arab male population and 15 haplotypes were
shared between two individuals. Discrimination capacity for 27 loci among the UAE
Arab male population was determined to be 95.43% whereas haplotype diversity was
found to be 0.99973. AMOVA results showed that UAE Arab male population was
placed at far genetic distance from European populations such as Denmark, Italy,
Spain and United States. While it shows closer genetic distance to the regional

populations from Iran, Irag, Egypt, Yemen and Kuwait.

Keywords: Y- chromosome, STR, haplotype, genetic diversity, discrimination

capacity, haplotype diversity.
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Chapter 1: Introduction

1.1 A Brief History of DNA Typing

In 1944 DNA (deoxyribonucleic acid) was defined by Oswald Avery as the
chemical basis for specific and apparently heritable transformation [1]. Frances Harry
Compton Crick (1916-2004) was a British molecular biologist, biophysicist, and
neuroscientist while James Dewey Watson (1928) was an American molecular
biologist, geneticist, and zoologist. Both were working together on the DNA project
in 1951, Crick and Watson were putting together the evidences that came from the
work of other scientists such as Chargaff's realization that Adenine (A) equal to
Thymine (T) and Cytocine (C) equal to Guanine (G), Rosalind X-ray diffraction photo
and her explanation. In February 1953, they discovered the structure of DNA as double
helix, and the paper was published on 25 April 1953 in Nature. Cardboard cutouts was
used for DNA double helix model to represent the individual chemical components of
the four bases and other nucleotide subunits. They showed in their model that each
strand of DNA was a template for the other. DNA's structure discovery was the most
important biological work of the last century [2-4].

Fifty years ago, differentiation between human individuals was obtained by
using blood groups such as ABO system or serum proteins and red blood cell enzymes.
In some forensic applications such as paternity testing Human Leukocyte Antigen
(HLA) was used due to its association with tissue types. In 1970s sufficient number of
regions of DNA were analyzed resulting in higher variability between individuals
which shifted the study of human variation from the protein products of DNA to DNA

itself [5].
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In 1980, the first discovery of Restriction Fragment Length Polymorphisms
(RFLP), which is small variation found between people at the genetic level was
achieved by David Botstein and co-workers and it was considered as a landmark in the
construction of a human gene map [6]. In 1985, Jeffreys and his colleagues discovered
a unique application of RFLP for individual identification which he termed “DNA
fingerprint” and it became the concept of human DNA identification. In the same year
the first application of DNA typing in forensic casework was achieved in the United
Kingdom. It was also initiated in the United States in late 1986 by commercial
laboratories and in 1988 by the Federal Bureau of Investigation (FBI) [5].

In 1986 Polymerase Chain Reaction (PCR) was invented by Kary Mullis. PCR
was the most important invention in molecular biology which elucidate the structure
of DNA [7]. In 1990, the human genome project began under the leadership of James
Watson. In June 2000, a draft sequence of the human genome project was announced
and it was published in February 2001. Finally, the announcement of the final

reference sequence for the human genome was done in April 2003 [8].

1.2 Human Genome

All human individuals share approximately 99.5% of human genome and that
is what makes us human beings. It is only 0.5% which varies between individuals and
it is reflected in some individual’s traits such as eye color, hair color, and blood types.
This small portion is of interest to forensic scientists and it makes each individual’s
DNA unique with the exception of identical twins [9].

Human cells contain 23 pairs of chromosomes. (22) pairs of autosomal
chromosome and a pair of sex chromosomes (Figure 1). Females contain two X

chromosomes while males contain a single copy of the X chromosome and a single
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copy of the Y chromosome [1, 5, 11]. All body (somatic) cells contain two copies of
each chromosome: one inherited from mother and other one inherited from father. This
types of cells are called diploid cells. On the other hand gametes cells (sperm and egg)
contain only one copy of each chromosome. This types of cells are called haploid cells.
Thus, normal human cells contain 23 pairs of chromosomes which means 46 different
chromosomes. The haploid human genome contain approximately three billions DNA

base pairs, which means six billion base pairs per diploid cell [12].

Located in cell nucleus
Autosomes 2 copies

per cell

§‘5=r-» E
15 16 17 18 19 20 21 22{|X Y

Sex-
Nuc/gar DNA chromosomes
3.2 billion bp

Figure 1: Human genome chromosomes in diploid cell [10]

DNA is identical in all human body cells and it is produced in somatic cells
through mitosis. In mitosis chromosomes are replicated and then separated into two
new nuclei. The daughter cells are identical to the parent cell as well as to each other.
Mitosis daughter cells containing 23 pair chromosomes in each. While in sex cells
(gametes) the process of cell division is called meiosis. In meiosis homologous

chromosomes separate leading to four daughter cells rather than two. Meiosis daughter
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cells are not identical to each other and they contain only one set of each chromosome
[13].

Approximately 95% of human DNA is non-genes coding DNA which is not
relevant to any proteins production. The other 5% of human genomic DNA is called
genes which is responsible for protein structure [5, 9]. A human has approximately
30,000 genes. The average gene is sized from thousands to ten thousand of base pairs.
Genes consist of exons (translated to form protein) and introns (the intervening
sequences) (Figure 2). Loci that used in forensic human identification are found in the

non-coding region either within genes or between genes [15].

Gene

l |

eon [ ] o Tl

Transcription
(RNA Synthesis)

[

B - IEE - IERE

Nuclear RNA |
- . \ _ RNA splicing
/
5 Y ¥
Exon Exon 2 £xon 3
Messenger RNA Translation
l (protein Synthesis)

Protein

Figure 2: Gene composition [14]



1.3 Structure of Human Genome

DNA carries the hereditary traits which are transmitted from one generation to
another. These genetic materials are used in the development, function and
reproduction of all known living organisms. DNA consists of a double helical strand,
where each strand is a polymer of nucleotides linked by covalent phosphodiester bonds
and the two strands are held together by hydrogen bonds. Each nucleotide contains a
sugar group, a phosphate group, and a nitrogen base. The four types of nitrogen bases
are cytosine ( C ), guanine ( G ), adenine ( A ), and thymine ( T ). These four bases are
divided into two groups; purine bases (adenine and guanine) which have a double ring
structure, and pyrimidine bases (thymine and cytosine) which have only a single ring
[11] (Figure 3). A purine always pairs with a pyrimidine. In this way the width of the
DNA molecule stays the same. The direction of DNA strands is from 5' to 3'. This
numbering scheme refers to the position of carbon atoms in the sugar ring. Also the
DNA polymerases adding the nucleotides from 5' to 3'. The order of these bases is
what determines the genetic code (genes). DNA is too long to fit inside the cell so it

coiled to form structure called chromosome [12].



4 double stranded DNA
\

'
5 _o,rg Hydrogen bond 3
LY - OoH
HE 2
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Q C
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[0 o
— =
© ST e
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= N
& &
OH !
3 deoxyribose o 5
P
HO x>°

Figure 3: DNA double strands structure [16]

1.4 Human Y-Chromosome

In 1905, Nettie Stevens identified Y chromosome as a sex-determining
chromosome. Y chromosome is one of two sex chromosomes which called allosomes.
Traits that are inherited via the Y chromosome are called Y linked traits “holandric
traits” [17]. Y chromosome contain the SRY gene (Sex-determining Region Y) which
encode a protein that triggers testes development [18].

There are everal uses of Y chromosomes testing such as: forensic casework on
sexual assault evidence, paternity testing, missing persons investigations, human
migration and evolutionary studies, and historical and genealogical research. One of
the advantages of using Y chromosome tests in forensic cases where autosomal tests
are limited by the evidence such as high levels of female DNA in the presence of minor

amount of male DNA [19]. Patrilineal male relatives may be used in paternity testing
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or in missing person investigation where the father is not available. An extreme
example of using Y chromosome in paternity analysis was in 1998 which helped
linking the third US president, Thomas Jefferson to the child of one of his slaves, Sally
Hemmings [18].

Y human chromosome represents about 2% of the total human genome and
contain 78 genes which codes for proteins [20]. Y human chromosome spans
approximately 60 Mb (million base pairs) while X chromosome spans approximately
154 Mb [18].

There are two small portions PAR1 and PAR2 (pseudoautosomal region 1 and
pseudoautosomal region 2) located on Y chromosome. PAR1 located at the tip of the
short arm (Yp) while PAR2 located at the tip of the long arm (Yq). PAR1 and PAR2
recombine with the X chromosome. These two small region consist only 5% (3 million
base pairs) of the Y chromosome. The remaining 95% (57 million base pairs) is non-
recombinant (NRY) and is inherited from father to son unchanged [1, 21]. NRY
renamed by Skaletsky in 2003 to male specific region (MSY) [21] (Figure 4). Unlike
autosomal chromosome most of the Y chromosome can only accumulate variation

through mutation [18].



Human X chromosome
(155 Mb)

Human Y chromosome
(59 Mb)

—

Pseudoatosomal region2
(PAR2) —

Non-Recombining Portion of Y
chromosome (NRY)

Pseudoatosomal region2
(PAR2)

Figure 4: Schematic of X and Y chromosome [22]

1.5 Short Tandem Repeats (STRs)

Various factors contribute in making DNA an excellent source of information
that aids individualization in forensic science. There is almost no difference in DNA
between cell types, individual’s DNA do not generally change throughout human
lifetime, DNA is less prone to degradation as compared to proteins and lastly high
variations are exhibited among individuals and between species [23]. DNA regions
with repeat units that are 2 to 7 bp in length are mainly used in forensic applications.
These repeats are called microsatellites, simple sequence repeats (SSRs), or most
usually short tandem repeats (STRs) and they are mostly found surrounding the

chromosomal centromere in all chromosomes. The STRs loci selected for forensic
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purposes have been shown to have minimal linkages with diseases and are mainly in
non-coding regions of DNA [10]. In 1990s were the first used of STRs in forensic
casework. Nowadays STRs usage has become the gold standard application in forensic
laboratories around the world [18].

In an effort to establish core STR loci for inclusion within the national DNA
database known as CODIS (Combined DNA Index System), the Federal Bureau of
Central Investigation (FBI) laboratory sponsored a community-wide forensic science
in the beginning of 1996. The 13 CODIS core loci are CSF1PO, FGA, THO01, TPOX,
VWA, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, and
D21S11. These 13 core STR loci were chosen to be the basis of the future CODIS
national DNA database [11]. In April 2011 the FBI announced plans to add more loci
to the core 13 loci to become 20 loci which will increase the global DNA data sharing
[24].

The average random match probability is rarer than one in a trillion among
unrelated individuals for these 13 CODIS loci. However, these 13 loci are by no means
the only STRs that have been evaluated or used by forensic labs around the world.
Many other loci have been used which are unlinked to the core STR loci (non-CODIS
loci) [25]. Analysis of such polymorphic non-CODIS loci in addition to the core
CODIS loci may increase the power of exclusion in complex Kinship testing involving
deficient paternity cases as well as increase the possibility to have more loci in the case
of weak or degraded samples [26].

The criteria that used for the selection of STR loci in human identification
applications include: firstly, high discriminating power; secondly, separate
chromosomal locations to ensure that closely linked loci are not chosen; thirdly,

robustness and reproducibility of results when multiplexed with other loci; fourthly,
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small size of STR alleles make STR loci better candidates in human identifications for
use in forensic applications, because DNA in such samples are either degraded or

mixed; and finally STR alleles that have lower mutation rates [11].

1.5.1 Types of STR Loci

STRs are easily amplified by polymerase chain reaction (PCR) and the size of
STRs loci are small and variable among individuals which make these STRs effective
for human identification purposes. STR loci vary in the length of the repeat unit and
the number of repeats and in the repeat pattern. STRs that are usually used have either
4 bp or 5 bp core repeat motif and often divided into several categories based on the
repeat pattern [24], those are simple repeats or simple repeats with non-consensus
alleles, compound repeats, and complex repeats [18] (Figure 5). Not all alleles for an
STR locus contain complete repeat units but there are alleles that contain incomplete

repeat units called microvariants.

Simple repeats STRs are those which contain one unit of identical length and
sequence (e.g. AGATAGATAGATAGAT). Example of this type are CSF1PO, THO1,
TPOX, D5S818, D7S820, D13S317, D16S539, D18S51, D10S1248, and D22S1045.
There is another type of simple repeats called simple repeats with non-consensus
alleles which is alleles with incomplete repeat units (e.g. AGATAGATAGA). An

example of this repeat is HUMTHOL [24].

Compound repeats comprise two or more adjacent simple repeats (e.g.
TCTATCTG TCTATCTG). Example of this type of repeats are FGA, VWA,

D3S1358, D8S1179, D2S1338, D19S433, D12S391, and D6S1043 [24].
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Complex repeats may contain several repeat blocks of variable unit length as

well as variable intervening sequences. Example of this type of repeats is D21S11 [24].

THO1 — Simple repeat with a non-consensus allele

[ AATG | AATG | AATG | AATG | AATG [ AATG | AATG | allele 7

[[ARTG [ AATG | AATG | AATG [ AATG [ AATG [ATG| AATG | AATG | AATG | allele 9.3

FGA - Compound repeat

HEE  BEEEEEEEES
I O O I O

[:]'rrrc -Trrr ETTCT I:]CTrr CTCC -Trcc

D21S11 - Complex repeat sequence

[T T T N [ [ ([ [T TTTT TTTTTTTTITT] oaree2s
CITT T N [ [ [T [ TT7T7 TTTTTTTTTT ] aree3o2

[]J7cra ] Tc7G ] TA [] Sequence notincluded In repeat

Figure 5: The structure of three commonly used STR loci [18]

1.5.2Y-STR Loci

There are two ways to analyze Y-chromosome DNA Y-STRs and Y-SNPs. The
mutation rate of Y-STR is 1 in 10° while the mutation rate of Y-SNPs is 1 in 10°. That
means Y-STRs change more rapidly compared to Y-SNPs. Y-STRs are described as
defining haplotypes while Y-SNPs define haplogroups [19]. Y-STR loci were
characterized and available for use in 1990s [11]. DYS19 was the first Y-STR locus
reported by Roewer in 1992 [20]. Number of Y-STR loci were increased to 30 loci in

the beginning of 2002. Nowadays there are hundreds of new Y-STR loci [11].

Using Y-STR typing is helpful in the casework that contain mixtures of DNA

from two or more males and when there are female-male mixture even with low level
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of male DNA in comparison to high level of female DNA with female:male ratios of

up to 2000:1 [18, 20].

In 1997 a core set of Y-STR loci were selected which serves as “minimal
haplotype”. These loci are single copy Y-STR loci: DYS19, DYS3891, DYS389ll,
DYS390, DYS391, DYS392, DYS393, and the highly polymorphic multi-copy locus
DYS385 a/b. In 2003 the minimal haplotype loci plus two additional single copy Y-
STRs, DYS438 and DY S439 were recommended to be used in forensic application by
U.S. Scientific Working Group on DNA Analysis Methods (SWGDAM) [27]. In 2001
first kit was offered by ReliaGene Technologies company called Y-Plex6® which
amplifies six loci (DY S393, DYS19, DYS389Il, DYS390, DYS391 and DYS385 a/b)
using only two dye colors (blue and yellow). In 2002 Y -Plex5® were offered by the
same company which amplifies five loci (DYS3891, DYS38911, DYS439, DYS438
and DY S392) using three dye colors (blue, green and yellow). In 2003 same company
developed kit called Y-Plex12® which amplifies the SWGDAM recommended loci
plus the amelogenin locus using three dye colors (blue, green and yellow). In the same
year Promega Corporation offered a new kit which amplified the same loci of Y-
Plex12® but removed amelogenin and DYS439 loci and add new locus DYS437. In
2004 Applied Biosystems company offered new kit Yfiler® which amplifies 17 loci
the SWGDAM recommended loci plus (DYS456, DYS458, DYS437, DYS448,
YGATAH4 and DYS635) [11]. In present research, new kit developed by Applied
Biosystems company called Yfiler Plus® which amplifies 27 Y-STR loci including the
17 loci in Yfiler plus and ten new loci (DYF387S1(a/b), DYS449, DYS481, DYS518,
DYS458, DYS627, DYS570, DYS460 and DY S533) was studied among UAE Arab

male population.
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1.6 STR Genotyping

1.6.1 Principles of FTA Cards

FTA card was developed as a method for storage of DNA in the late 1980s by
Lee Burgoyne at Flinders University in Australia. Nowadays FTA cards are used as an
alternative way for DNA extraction. FTA cards contain chemicals that lyse cells,
denature proteins, and protect DNA molecules from nuclease degradation and preserve
the paper from bacterial growth. DNA is entrapped in the fibers of the matrix of the
paper and remain immobilized within the matrix. Therefore FTA card provide a simple
solution for storage the DNA at the room temperature for several years, and it is an

easy and fast way to isolate nucleic acid samples for analysis [28].

1.6.2 Principles of Electrophoresis

Electrophoresis is a process used to separate DNA fragments from one another
based on differences in their migration speed. In the electrophoresis, two electrodes
are immersed in two separate buffer chambers (anode which is positively charged, and
cathode which is negatively charged). Charged particles can migrate from one chamber
to the other based on their net charge by using a voltage generated between the two
electrodes. The electrophoretic mobility of the sample can be affected by the net
charge, size, shape, molecular weight of the molecules, the buffer type, and the voltage
power [29]. In this experiment, Capillary Electrophoresis (CE) was used to resolve the
DNA fragments. During capillary electrophoresis the PCR products enter the capillary
due to the high voltage charge applied to the sample which forced the negatively
charged fragments into the capillary. The fluorescently labeled DNA fragments are

separated based on the size before reaching the positive electrode and move across the
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path of a laser beam. The laser beam causes the dyes attached to the fragments to
fluoresce. The diffraction system separate the dye signals and a Charge Coupled
Device (CCD) camera detects the fluorescence. Each dye has different wavelength of
the emitted light (figure 6). The data collection software collect the fluorescence signal

and convert it into an electropherogram [11].

Capillary array cch

camera

Diffraction
system

A

Laser

Figure 6: Capillary electrophoresis process
(This figure is adopted from Applied Biosystem 3500 Genetic Analyzer manual)

The advantages of using CE are: first of all it is fully automated in all steps
(injection, separation, and detection). Second, only very small amount of DNA
samples are consumed in the injection process so sample can be retested if needed.
This advantage is important for forensic samples that often cannot be easily replaced.
Third, separation time in capillaries is much less than that in slab gel due to higher
voltages that are permitted with improved heat dissipation from capillaries. Another
advantage is that data can be obtained following the completion of the run from data

collection software. Unlike gel no further steps are needed such as scanning the gel or
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taking a picture and no need for lane tracking. Lastly, there is no issue of cross-

contamination from samples leaking over from adjacent wells with CE.

The primary elements of a CE instrument include a narrow capillary, two
buffer vials, and two electrodes connected to a high-voltage power supply. CE systems
also contain a laser excitation source, a fluorescence detector, an autosampler to hold
the sample tubes, and a computer to control the sample injection and detection (Figure

7).

Capillary filled with

- .
polymer solution Balaction

window

(cathode)

Inlet

Buffer

fﬁ% C%if‘ﬁ lf’j L - ,
'l gzl Acquisition

Sample tray

Figure 7: Schematic of capillary electrophoresis instruments
used for DNA analysis [10]

In this research 3500 Genetic Analyzers (Applied Biosystems) which is a
fluorescence based DNA analysis instrument using capillary electrophoresis

technology with 8 capillaries each 36 cm in length. The 3500 Genetic Analyzer is fully
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automated, from sample loading to primary data analysis, for sequencing, fragment

analysis, and HID (human identification) analysis.

1.6.3 Capillary Electrophoresis Reagents

Performance Optimized Polymer (POP-4):

Performance Optimized polymer (POP-4) dynamically coat the capillary wall
to control electro-osmotic flow. It acts as a matrix for the samples to migrate in the
capillaries of the capillary electrophoresis. POP-4 polymers are specifically prepared
and formulated to separate DNA fragments of a known size range at a desired
resolution and run time. Pop4 polymers are designed specifically for Human
Identification (HID) forensic applications. Other reagents that required for capillary

electrophoresis are Anode (positive charge) and Cathode (negative charge) buffers.

In this study, we hypothesize that the extra nine Y-STR markers that added to
Yfiler Plus® PCR Amplification Kit are highly discriminatory and polymorphic in the

UAE Arab male population.

1.7 Objectives

There are three objectives for this study:

1. To study the Y chromosome polymorphism among UAE Arab male population.

2. To study the forensic parameters of 27 Y-STR loci among UAE Arab male
population.

3. To assess the importance of increasing the number of Y- chromosome STR loci

utilized in forensic DNA analysis.
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Chapter 2: Materials and Methods

2.1 Sample Collection

Blood samples were collected from 343 males from the United Arab Emirates
Arab male population. The samples were collected randomly from unrelated
individuals. Consented samples were collected and provided via Dubai Health
Authority (DHA). Ethical approval has been obtained from Dubai scientific research

ethics committee in (DHA) under the reference number (DSREC-SR-10/2017-02).

2.2 Preparation and Sample Batching

Once the blood sample tubes were received from DHA, one drop from each
sample were applied to separate whatman FTA cards (GE Healthcare), Each was

assigned a unique barcode number and left to dry.

2.3 Storage Condition

Yfiler Plus® PCR Amplification Kit (Thermofisher Scientific) was used to
analyze 27 Y-STR loci in all DNA samples. The kit contents were stored as shown in
(Table 1). Kit contents should not be refrozen after thawing. The fluorescent dyes that
are attached to the primers are light sensitive. The primer set, amplified DNA, allelic
ladder, and size standard should be protected from light when not in use. Gene Scan
“600 L1Z” Size Standard was stored in 2°C to 8°C. Hi-Di Formamide was stored in
-15°C to -25°C. FTA cards that contains the blood samples were stored at room
temperature while the blood samples tubes that received from DHA were stored at

-20°C.



Table 1: Kit content and storage conditions
(The table is adopted from manufacture protocol)
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Kit contents

Storage conditions

Yfiler Plus® Master Mix

Contains MgCI2, dATP, dGTP, dCTP, and dTTP,
bovine serum albumin, enzyme, and 0.05% sodium
azide in buffer and salt.

—25°C to —15°C on receipt.

2°C to 8°C after first use.

Yfiler Plus® Primer Set

Contains locus-specific 6-FAM™, VIC™, NED™,
TAZ™, and SID™ dye-labeled primers in buffer.
The primers amplify the Y-STR loci DYS19,
DYS385 a/b, DYF387S1 a/b, DYS389 Il
DYS390, DYS391, DYS392, DYS393, DYS437,
DYS438, DYS439, DYS448, DYS449, DYS456,
DYS458, DYS460, DYS481, DYS518, DYS533,
DYS570, DYS576, DYS627, DYS635 (Y GATA
C4), and Y GATA H4.

—25°C to —15°C on receipt.

2°C to 8°C after first use.

Store protected from light.

Yfiler Plus® Allelic Ladder

Contains the following amplified alleles:

e 6-FAM™ dye (blue): DYS38919-17; DYS3891I
24-35; DYS576 10-25; DYS627 11-27,
DYS635 15-30.

e VIC™ dye (green): DYS19 10-19; DYS391 5-
16; DYS448 14-24; DYS458 11-24; DY S460
7-14; Y GATA H4 8-15.

e NED™ dye (yellow): DYS390 17-29; DYS392
4-20; DYS438 6-16; DYS456 10-24; DYS518
32-49.

e TAZ™ dye (red): DYS385 a/b 32-49; DYS437
10-18; DYS449 22-40; DYS570 10-26.

e SID™ dye (purple): DYF387S1 a/b 30-44;
DYS393 7-18; DYS439 6-17; DYS481 17-32;
DYS533 7-17.

—25°C to —15°C on receipt.

2°C to 8°C after first use.

Store protected from light.

DNA Control 007

Contains 2 ng/uL of human male genomic DNA in
0.05% sodium azide and buffer.

—25°C to —15°C on receipt.

2°C to 8°C after first use.
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2.4 DNA Extraction and Quantification Process

FTA papers that contained the blood samples has been punched (0.5 mm) using
micro-puncher (Harries®) and placed into a PCR tubes. The small punched discs were
directly proceeded to the PCR reaction without washing step because the Yfiler Plus®
PCR Amplification Kit has been designed to resist the hematein and other cell
components inhibition effect of the PCR reaction. A major advantage of using FTA
card is that the extracted DNA does not required quantification because the amount of

DNA in the disc is sufficient for PCR and it is optimized as per the constant size of the

disc (Figure 8).

FTA Paper
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(NO DNA QUANTITATION
REQUIRED)

PERFORM PCR

Figure 8: FTA extraction process [10]
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2.5 PCR Amplification Process

2.5.1 Kit Overview

Yfiler Plus® PCR Amplification Kit was used to amplify 27 Y-chromosome

STR loci. These loci are: " DYS576, DYS3891, DYS635, DYS3891l, DYS627,

DYS460, DYS458, DYS19, YGATAH4, DYS448, DYS391, DYS456, DYS390,

DYS438, DYS392, DYS518, DYS570, DYS437, DYS385 a/b, DYS449, DYS393,

DYS439, DYS481, DYF387S1a/b and DYS533". The Yfiler Plus® PCR Amplification

Kit includes:

1-

Y filer Plus master mix which contains MgCl> as a co-factor for DNA polymerase,
(dNTPs), polymerase enzyme, bovine serum albumin to stabilize the polymerase,
and 0.05% sodium azide in buffer and salt as a preservative.

Y filer Plus primer set which contains locus-specific (6-FAM dye (blue), VIC dye
(green), NED dye (yellow), TAZ dye (red), and SID dye (purple)) dye-labeled and
unlabeled primers in buffer.

DNA control 007 which contains 2 ng/pL of human male genomic DNA in 0.05%
sodium azide and buffer.

Y filer Plus Allelic Ladder which contains the most commonly found alleles per

locus that obtained from large population base study as shown in (Table 2).
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Table 2: Yfiler Plus® PCR Amplification Kit loci and alleles
(The table is adopted from manufacture protocol)

Locus designation Allele Range included in Dye label DNA Control 007
Allelic Ladder
DYS576 10 to 25 19
DYS3891 9to 17 13
™
DYS635 15 t0 30 6-FAM 24
DYS389I1 2410 35 29
DYS627 11t0 27 21
DYS460 7to 14 11
DYS458 11t0 24 17
DYS19 9to 19 vicT™ 15
YGATAH4 8to 15 13
DYS448 14 to 24 19
DYS391 5t0 16 11
DYS456 10 to 24 15
DYS390 171029 24
™

DYS438 610 16 NED 12
DYS392 410 20 13
DYS518 321049 37
DYS570 1010 26 17
DYS437 10to 18 TAZTM 15

DYS385a/b 6 to 28 1114
DYS449 22 10 40 30
DYS393 710 18 13
DYS439 6to0 17 12

™

DYS481 17 t0 32 SID 22

DYS38751 3010 44 3537
DYS533 7t0 17 13

2.5.2 Multiplex PCR Using Yfiler Plus® PCR Amplification Kit

Amplification of the 27 loci were performed according to manufacturer’s
protocol with some modification. Due to the high cost of the kit and the limited budget
for the project (Enough only for 100 full reaction volume samples) and high number

of samples that were to be tested, quarter volume has been used. The total samples
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which have been included in this study were 343 samples. Some of the kit reagents
were consumed to validate the quarter reaction. The reaction mix was prepared by

mixing the master mix, primer set, and distilled water. The total amount of the reaction

mix solution for each samples was 6.25uL (Table 3).

Table 3: Kit component quantity for each sample

onnale | VTR | O
Y filer Plus Master Mix 10.0 2.5
Y filer Plus Primer Set 5.0 1.25
Distilled Water 10.0 2.5
Total Volume 25.0 6.25

To prepare reaction mix first the Y-filer Plus® master mix and primer set were
thawed, then vortexed for 3 seconds followed by quick spin down. Thawing is required
only during first use of the kit. After first use, reagents are stored at 2 to 8 °C and,

therefore, they do not require subsequent thawing.

The required volumes of components were prepared according to the number
of samples plus positive and negative controls then it was pipetted into a 2.0 mL
microcentrifuge Eppendorf tube. Additional reaction volume was included in the
calculations to provide excess volume for the loss that occurs during reagent transfers
and to cover pipetting errors. The reaction mix was vortexed for 3 seconds, then

centrifuged briefly.
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2.5.3 FTA Punch Procedure

To prevent static issues with the paper discs, the 6.25 L reaction mix was
dispensed into the PCR tube before adding the punches (The final reaction volume in
the positive control tube was 6.75 pL because 0.5 puL of the DNA control 007 was
added to the tube). Then 0.5 mm disc of the FTA paper of each sample was punched
and placed into a separate labeled PCR tubes which is preloaded with 6.25 pL of the
reaction mix (for negative control 0.5 mm punch of blank FTA paper was added)
(Table 4). The reaction mix was vortexed for 3 seconds and spined down to remove
bubbles. The samples were amplified in a GeneAmp PCR System 9700 (Applied

Biosystems).

Table 4: Size of the disc for test samples and negative control and the amount of
positive control

DNA sample To prepare
Negative control 0.5 mm blank disc

Test Sample 0.5 mm sample disc
Positive control Add 0.5 pL of Control DNA 007

2.5.4 Thermal Cycling Parameters for Yfiler Plus® PCR Kit

All PCR reactions consisted of initial incubation cycle at 95°C for 1 minute,
followed by 27 cycles of denaturation at 94°C for 4 seconds, and annealing and
extension at 61.5°C for 1 minute per cycle. The PCR reactions were completed by

post-extension for 22 minutes at 60°C as shown in (Table 5).



Table 5: Thermal Cycling Parameters Yfiler Plus® PCR Amplification Kit
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Initial Optimum cycle number Fi
. . inal .
incubation - Final hold
step Denature Anneal/Extend extension
HOLD 27 CYCLE HOLD HOLD
95°C, 1 94°C, 4 61.5°C, 1 60°C, 22 4°C, up to
minute seconds minute minutes 24 hours

2.5.5 Multiplex PCR Using RM-YPlex Kit:

RM-Yplex kit was used to confirm the results of abnormal loci following
previously published method [31]. 0.5 mm disc of the FTA paper of each sample was
punched and placed into a separate labeled PCR tubes. Then FTA disc was washed
using 200uL FTA buffer for 30 to 45 minutes. After that FTA buffer was carefully
removed from the tube. Then disc was washed again with 200 uL TE buffer for 5
minutes. RM-Yplex master mix and primer set were vortexed for 3 seconds followed
by quick spin down step. The required volumes of components were prepared
according to the number of samples plus positive and negative controls then it was
pipetted into an appropriately 2.0 mL microcentrifuge Eppendorf tube. The reaction
mix was prepared by mixing the master mix, primer set, and distilled water. The total
amount of the reaction mix solution for each samples was 15uL. Then a total amount

of 15 ml of the reaction mix has been transferred into each PCR tubes (Table 6).



Table 6: RM-Yplex kit component quantity for each sample

oNase | e
RM-Yplex Master Mix 7
RM-Yplex Primer Set 1.8
Distilled Water 6.2
Total Volume 15

2.5.6 Thermal Cycling Parameters for RM-YPlex PCR Kit
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All PCR reactions consisted of initial incubation cycle at 95°C for 10 minutes,

followed by (stage 2) 12 cycles of denaturation at 94°C for 30 seconds, annealing at

58°C for 45 seconds and extension at 72°C for 1 minute per cycle. Then (stage 3) 20

cycles of denaturation at 94°C for 30 seconds, annealing at 55°C for 45 seconds and

extension at 72°C for 1 minute per cycle. PCR reactions were completed by post-

extension for 60 minutes at 72°C as shown in (Table 7).

Table 7: Thermal Cycling Parameters RM-YPlex PCR Amplification Kit

Stage 1 Stage 2 Stage 3 stage 3 Final
g Denature | Anneal | Extend | Denature | Anneal | Extend | > 2 hold
HOLD 12 CYCLE 20 CYCLE HOLD | HOLD
o o o o [e] o 40Cl
95°C, 94°C, 30 58°C, | 72°C, 94°C, 30 55°C, | 72°C, | 72°C, up to
10 45 1 45 1 60
. seconds , seconds . . 24
minutes seconds | minute seconds | minute | minutes | |~




26

2.6 Separation and Detection Methods of Yfiler Plus® PCR Kit Product

Amplifying STR alleles using PCR produce a mixture of DNA fragments
called amplicons. This mixture need to be separated and resolved from one another.
Electrophoresis is a process that used for fragments separation and is either performed

in a slab-gel or capillary environment.

2.6.1 Sample Preparation Before Capillary Electrophoresis

After the end of PCR, samples were removed from the thermocycler and
proceed to CE setup using 3500 Genetic Analyzer. There are three reagents required
for this step including Hi-Di Formamide and L1Z600 size standard which were mixed

with the samples and the allelic Ladder.

1. Hi-Di Formamide
Hi-Di Formamide is a highly deionized formamide to stabilize denatured DNA
samples for fluorescence detection using the Genetic Analyzer. Formamide is a reagent
that is ionizing solvent in aqueous buffer. It's widely used in biochemistry and
molecular biology, especially in nucleic acids research. Formamide in DNA sample
helps to stop reannealing of the DNA single strands after denaturation at a high

temperature (95 °C) or eliminate formation of secondary structure of nucleic acid.

2. GeneScan 600 L1Z Size Standard
Fragment lengths generated from DNA samples were calculated by direct
comparison with constant set of fragments of known size. GeneScan size standards
were fluorescently labeled DNA fragments of known size and it has different dye color
from the PCR products as shown in (Table 8). Fragments of known sizes were used by

the data analysis software to generate a calibration curve, which is then used to
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determine the size of unknown fragments in a sample. The GeneScan 600 LIZ Size
standard is designed to size DNA fragments in the 20-600 bp range and provides 36
single stranded labeled fragments of: 20, 40, 60, 80, 100, 114, 120, 140, 160, 180, 200,
214, 220, 240, 250, 260, 280, 300, 314, 320, 340, 360, 380, 400, 414, 420, 440, 460,

480, 500, 514, 520, 540, 560, 580, and 600 bp.

Table 8: Dyes used in the Yfiler Plus® kit

Dye Color Label
6-FAM Blue
VIC Green
NED Yellow Samples, allelic ladders, and controls
TAZ Red
SID Purple
LIZ Orange GeneScan™ 600 LIZ™ Size Standard
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3. Yfiler Plus® Allelic Ladder
The ladder consist of DNA fragments that represent common alleles for all
loci. So, it represents all the possible alleles for each locus. Allelic Ladder in
conjunction with L1Z600 size standard allows verification of unknown STR lengths

(Figure 9).
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Figure 9: GeneMapper ID-X Software plot of the Yfiler Plus® Allelic Ladder
(The figure is adopted from the manufacture's protocol)

Master mix was created with the following components ratio for each sample:
- 0.5uL of L1Z-600 Size Standard
- 9.5uL of HiDi-Formamide

10uL of master mix was dispensed into each well used. To prevent injection
into a dry well 10uL of HiDi-Formamide was added into extra available wells of the

injection plate. 0.5 uL of PCR products was added to each well. In case of samples



29
need to be re-injected, 0.5 uLL of PCR products was added again. 0.5 puL of Y filer
Plus® allelic ladder was added to each ladder sample. A minimum of 1 ladder sample
was presented per plate. 0.5 puL of positive control sample (007) was added to each
positive control well. A minimum of one positive control sample was presented per
plate. 0.5 uL of negative control was added into the negative control well. A minimum
of one negative control sample was presented per plate. Then plate was covered with
a septa. Plate was briefly vortexed and briefly centrifuged. After that plate was placed
into the 9700 GeneAmp PCR System for denaturation for 5 minutes at 95°C and 2

minutes at 4°C.

2.7 Statistical Analysis

Data analysis was carried out using GeneMapper ID-X version 1.4 analysis
software. It analyzes data generated from the capillary electrophoresis platforms such
as 3500 Genetic analyzer. In this project, this software was used to analyze the results
and to generate raw data for all samples. The raw data file generated from the
GeneMapper ID-X was analyzed using Microsoft Excel and an integrated software
package for population genetics data analyses Arlequin version 3.5 to estimate allele
and haplotype frequencies [32]. By using Arlequin software, Discrimination Capacity

(DC) was calculated using the following formula:

Number of unique hap.

Discrimination Capacity = Number of hap

Using the frequency results from Arlequin, Haplotype Diversity (HD) was

calculated using the following formula:

HD = N 1 2
—m( — 2x°)
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Where X is the (relative) haplotype frequency of each haplotype in the sample
and N is the sample size. Haplotype diversity is a measure of the uniqueness of a

particular haplotype in a given population.

HapY Dive program was used to estimate the Genetic diversity for the 27 loci
in UAE Arab male population. The Genetic distance was identified using the analysis
of molecular variance (AMOVA and MDS) tool available at the YHRD website
(http://www.yhrd.org). Several methods have been used to score the variations and
diversity of Y STR in UAE Arab male population. F statistic (Fs) or fixation index is
one of the most used biometric method. Fst simply measures the level of heterozygosity
or differentiation between populations. Fs ranges from 0 to 1 where 0 indicating no
differences in allele frequencies between two populations and 1 indicating that the two
populations are fixed for alternate alleles. In this study the UAE population was
compared with other populations in different part of the world. Using the same
software Nonmetric Multidimensional Scaling MDS was used to represent the distance

between populations using bidimensional scaling graph.
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Chapter 3: Results
3.1 Profiling Samples
343 samples that obtained from unrelated males in the UAE were profiled with

Yfiler Plus® PCR Amplification Kit for 27 Y-chromosome loci. An example of the Y

STR profile result is shows in the Figure 10.
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Figure 10: Y STR profile generated using Yfiler plus® kit
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This profile shows the different dyes that correspond to different loci.
Moreover, it is obvious there are 25 loci shown in this profile, but because there are
two multi-copy loci available in this profile (DY S385(a/b) and DYF387S1(a/b), the
number of total alleles detected using this kit is brought up to 27 alleles. Numbers
which are shown below each peak indicate the number of repeats for each allele

following the recommended nomenclature by ISFG [31, 33].



3.2 Y-STR Loci Frequencies

33

Table 9: Alleles frequency of locus DY S385a/b for UAE Arab male population

Alleles for the locus DY S385(a/b)

Hapl\llc())type Haplotype | Freq. | Percentage Hapl)\llc())type Haplotype | Freq. | Percentage
1 10,14 1 0.3 24 14,15 9 2.6
2 11,12 2 0.6 25 14,16 25 7.3
3 11,13 1 0.3 26 14,17 6 1.7
4 11,14 31 9 27 14,18 9 2.6
5 11,15 8 2.3 28 14,19 6 1.7
6 11,16 2 0.6 29 14,20 2 0.6
7 12,13 4 1.17 30 14,21 3 0.9
8 12,14 9 2.6 31 14 4 1.17
9 12,15 1 0.3 32 15,16 5 1.5
10 12,17 4 1.17 33 15,17 2 0.6
11 12,18 1 0.3 34 15,18 4 1.17
12 12,19 3 0.9 35 15,19 2 0.6
13 12,20 4 1.17 36 15,20 1 0.3
14 12 4 1.17 37 15 4 1.17
15 12.2,18 1 0.3 38 16,17 15 4.4
16 13,14 4 1.17 39 16,18 8 2.3
17 13,15 7 2 40 16,19 2 0.6
18 13,16 14 4.1 41 16 3 0.9
19 13,17 19 5.5 42 17,18 21 6.1
20 13,18 20 5.8 43 17,19 3 0.9
21 13,19 46 13.4 44 17 8 2.3
22 13,20 11 3.2 45 18 2 0.6
23 13,21 1 0.3 46 19 1 0.3

Total 343 100
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Figure 11: Alleles frequency of locus DY S385a/b for UAE Arab male population
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Table 9 present a detailed description of allelic distribution for locus
DYS385a/b and the corresponding bar chart (Figure 11). This locus has different
number of alleles among the UAE Arab male population with different degree of
prevalence. As we can notice that locus DY S385(a/b) has 46 alleles among the UAE
Arab male population. Alleles Frequency for the other loci has been added in

(Appendix).
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Table 10: Predominant alleles for the 27 loci detected in UAE Arab male population
using Yfiler Plus® amplification kit

Locus Predominant Fre Locus Predominant Fre
Alleles g Alleles g
DYS392 11 0.764 DYS456 15 0.461
DYS437 14 0.717 DYS390 23 0.458
DYS391 10 0.685 DYS393 13 0.391
DYS389I 13 0.644 DYS576 17 0.297
YGATAH4 11 0.557 DYS627 20 0.292
DYS19 14 0.534 DYS570 18 0.265
DYS448 20 0.531 DYS518 39 0.248
DYS389l1 30 0.501 DYS458 16 0.23
DYS438 10 0.501 DYS481 23 0.222
DYS635 21 0.478 DYS449 26 0.19
DYS460 10 0.475 DYS385(a/b) 13,19 0.134
DYS439 11 0.466 DYF387S1(a/b) 37 0.134
DYS533 11 0.464
Frequency
0.9
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Figure 12: Allele frequency for the predominant alleles in the UAE Arab male
population
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Analysis of the allele frequency from (Table 9) and (Appendix) in the UAE
Arab male population clearly showed that each locus has predominant alleles as shown

in Table 10 and Figure 12.

3.3 Gene Diversity for 27 Loci in UAE Arab Male Population

Table 11: Genetic diversity for Yfiler plus® loci in UAE Arab male population. Loci
with an asterisk are added to the Yfiler Plus kit compared to the Yfiler kit

Locus Diversity | Locus Diversity
DYS385(a/b) 0.94984 | DYS456 0.676845
DYF387S1(a/b)* | 0.930523 | DYS19 0.643377
DYS449* 0.895402 | DYS438 0.643326
DYS481* 0.854262 | DYS393 0.641826
DYS518* 0.848294 | DYS533* | 0.628817
DYS458 0.837178 | DYS448 0.625595
DYS627* 0.819907 | DYS460* | 0.601112
DYS570* 0.802107 | YGATAH4 | 0.590183
DYS576* 0.784836 | DYS3891 | 0.525174
DYS390 0.707705 | DYS391 0.455561
DYS635 0.707023 | DYS437 0.437932
DYS389I1 0.684074 | DYS392 0.402315
DYS439 0.678039

Genetic diversity for the 27 loci
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Figure 13: Genetic diversity for Yfiler plus® loci in UAE Arab male population
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Genetic diversity was calculated for all 25 loci using HapYDive Microsoft

Excel Macro [34]. Table 11 shows the genetic diversity for all loci and it is clear that
the multi-copy loci DYS385(a/b) and DYF387S1(a/b) have the highest genetic
diversity while DYS392 has the lowest genetic diversity. Genetic diversity has been

represented in bar chart to make it more readable and clear (Figure 13).

3.4 Haplotype Analysis

By using the 27 loci there were 15 haplotypes shared between two individuals.
Whereas 313 individuals have unique haplotype (Table 12 A). While using only 17
loci there were 27 haplotypes shared between two individuals. Moreover, there were
8 haplotypes shared between three individuals. Also, there was one haplotype shared
between 18 individuals. Whereas the remaining 247 individuals have unique haplotype

(Table 12 B).
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Table 12: Haplotype frequency for shared haplotype
(MP represent match probability which is sum of the squared haplotype frequencies
where N is the number of sample)

A. Yfiler plus® (27loci)

Shared 27 Y-STR Yfiler Plus®
Haplotype Freq. (Freq.)? No. of Hap. MP N
1 0.00292 | 8.526*10° 313 0.00267 | 313
2 0.00583 | 3.399*10° 15 0.00051 | 30
Total - - 328 0.00318 | 343

B. Yfiler® (17loci)

Shared 17 Y-STR Yfiler®
Haplotype | Freq. (Freq.)? No. of Hap. MP N
1 0.00292 | 8.526*10° 247 0.00211 | 247
2 0.00583 | 3.399*10° 27 0.000918 | 54
3 0.00875 | 7.656*10° 8 0.000613 | 24
18 0.0525 2.756*10°° 1 0.00276 | 18
Total - - 283 0.00640 | 343
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3.5 Forensic and Population Genetic Parameters

Table 13: Percentage of discrimination capacity and haplotype diversity

Eﬁ:g&ségopnirea&‘eﬁg V Yfiler Plus® Yfiler®
samples in population 343 343
Number of haplotypes 328 283
Number of unique haplotypes 313 247
Discrimination Capacity (%) 95.43 87.28
Haplotype Diversity 99.973 99.65

Discrimination capacity (DC) means that the number of haplotypes observed
only once in the population. The DC calculated for both 27 loci and 17 loci by dividing
the number of unique haplotype over the total number of the haplotypes. DC for 27
loci among the UAE Arab male population was determined to be 95.43% and for the
17 loci was determined to be 87.28% (Table 13). Whereas haplotype diversity (HD) is
measure of the uniqueness of a particular haplotype in a given population. The (HD)

was calculated using the following equation:

— N 1 2
HD—m( —ZX)

Where X is the relative haplotype frequency of each haplotype in the sample
and N is the number of sample [35]. Haplotype diversity in the UAE Arab male
population when using 27 loci was 99.973 while when using 17 loci it was 99.65

(Table 11).



3.6 AMOVA Results in UAE Arab Male Population

Table 14: Fst AMOVA results using 27 loci within different populations
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Population UAE | Denmark | Germany | Hungary | Italy | Serbia | Spain g?a:;[sg
UAE -
Denmark 0.0001 -
Germany 0.0002 | 0.0001 -
Hungary 0.001 0.0009 0.001 -
Italy 0.0001 0 0.0001 | 0.0009 -
Serbia 0.0002 | 0.0001 0.0001 0.001 | 0.0001 -
Spain 0.0001 0 0.0001 | 0.0009 0 0.0001 -
United States | 0.0001 0 0.0001 | 0.0009 0 0.0001 0 -
Table 15: Fst AMOVA results using 17 loci within different populations
Population | UAE | Egypt | Iran Irag Jordan | Kuwait | Sudan | Tunisia | Yemen
UAE -
Egypt 0.0005 | -
Iran 0.0004 | 0.0003 | -
Iraq 0.0005 | 0.0003 | 0.0002 | -
Jordan 0.0074 | 0.0072 | 0.0071 | 0.0072 | -
Kuwait 0.0021 | 0.0019 | 0.0019 | 0.0019 | 0.0088 | -
Sudan 0.087 | 0.0878 | 0.0849 | 0.0893 | 0.0948 | 0.088 | -
Tunisia 0.0035 | 0.0033 | 0.0034 | 0.0035 | 0.0104 | 0.0051 | 0.0912 | -
Yemen 0.0011 | 0.0008 | 0.0008 | 0.0008 | 0.0078 | 0.0025 | 0.0917 | 0.0041 | -

Analysis of Molecular Variance (AMOVA) is a method of estimating

population differentiation directly from molecular data and testing hypotheses about

such differentiation.
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Figure 14: Multidimensional scaling (MDS) plot based on pairwise Fs genetic
distance among UAE Arab male population and other European populations using
the 27 Y-STR Yfiler Plus® kit
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Figure 15: Multidimensional scaling (MDS) plot based on pairwise Fst genetic
distance among UAE Arab male population and other Arab populations as well as
Iran population using the 17 Y-STR Yfiler® kit

Multidimensional scaling (MDS) plot based on pairwise Fs genetic distance
using the 27 Y-STR Yfiler® kit (Figure14) among UAE Arab male population and
other European populations. While (Figurel5) shows (MDS) plot based on pairwise
Fst genetic distance among UAE Arab male population and other Arab populations as

well as Iran population using the 17 Y-STR Yfiler® kit.



3.7 Abnormal Alleles

1- Null Alleles

44

S53 [ | [ ] N [ ] [ ] [
[ oOvses6 | [ Dvesso | [ oyssez [ ovssie |
490 150 2 270 330 390
o] \ /
LU LR Hi I Jil
16 |26 N 11 40
(5138 [ | =] . [ ] [ ] ®
[ oysese | [ Dyssan | [ oyssz | ovssie. |
L1V 160 21 270 330 340
0 2 e — e
17 [25 [11] 40}
S163 = 5 Z BN =] B @
[TEyssssT ) [TpvsEsE T [Covsssa | ovssie )
-1¥] 15U Al Z{U 5 ) 90
[T
0 ‘_.—.. A_I_. v T 2 L
16 [25] (1] [40]
338 [ ] H BN\ ] ] @
[ bvsase [ Dvsso | [ bvssez [  DVS518 |
UIU ) 1.‘?U 2 ) Z{U ) SE?U ) 35IJU
NARRECIL VB |
0 all Al L A
16| [25] ~— 1) aal
S245 [ . 1 ] ] | ®
[ oveass | [ oDveass | [ Dvssez || Dbvests |
4o ) ?U . 21U . Z{U . Hiliﬂ . Ssﬂ
LA i I
Q AT — —t= T
15 ~— i1 m 38

Figure 16: Different profiles shows the null alleles in different loci (null alleles indicated
by circles)
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2- Multiple alleles

576 ] [} \ [ PN [ | i)
[Covsses | [ Dvsdss | [ pysas) | [Covssss
90 150 210 1] 330 390
11000 l
ol ) I} A 1 1
= = = r=) ‘L . =
[12] 12 26/ 34 38 11
—1. L
35 39
278 5] [ ] [ ] P =] [
[o¥saeal | [ bysass ) [ O¥sasr | [Cowesss |
a0 1|50 ) 2‘]0 . 70 ) 3.?.0 ) 390
=t Il [IIRIAARERLY
0 T i 1 T v Ar : Al 3
11| 13 |23 32/ 35| |40] 12
334 [ ] [ | [ [} P ] @]
[ oyssss ][ ovsess ][ pvsasn | [ oyssas |
20 150 210 .0 330 300
| | Il |
0 == 2= L I T—— — 11 _‘il.\_ 22 =
[12] [11] 25| 136140 12
137]
S184 [ 5l B [ ] [ &
[Covseso [ owsaso [FepmAne [ ovsass [ oveser ]
80 150 210 ) 270 330 380
0 | = ; 1 J,
10 17 15 12 18.4 10
1
16
[sa2s P [ = A il @
[Tovses7 | [ Dvsses [ Dvsass |
9.0 . 1‘?0 . 21.0 ) 27:'0 ) 3?:0 ) 3‘?0
4300
o ( A l ) l M J‘l
20| |14 117 |31]
18/

Figure 17: Different profiles shows the extra alleles in different loci (extra alleles indicated
by circles). DYS385 is a multi-copy locus



3- Intermediate Alleles

Table 16: UAE Arab male population intermediate alleles

Loci Mo, 0l .
samples Intermediate alleles
DYS458 90 16.2,17.2,18.2,19.2,20.2,21.2
DYF387S1(a/b) 3 9.2,41.2,42.2

DYS627 2 17.2,21.2

DYS576 1 17.2
YGATAH4 1 8.2

DYS448 1 18.2

DYS518 1 38.1
DYS385(a/b) 1 12.2

DYS481 1 28.1
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Null alleles were observed in four individuals at DY S438 and in one individual

at DYS390 (Figure 16). Four alleles were found in one individual in multi-copy locus

DYF387S1a/b and three alleles in two individuals in the same locus. While there were

two alleles found in single allelic loci DYS19 and DYS570 (Figure 17). In all the

samples, 101 different intermediate alleles were found in 9 loci whereas locus DY S458

showed the highest number (six different intermediate alleles with 16.2, 17.2, 18.2,

19.2, 20.2 and 21.2 where observed in 90 individuals) (Table 16).
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Figure 18: RM-YPIlex results of abnormal alleles in DYF387S1 and DY S570 loci

Abnormal loci which have multiple alleles (DYF387S1 and DY S570) has been

repeated using RM-YPlex. Figure 18 shows the RM-YPlex which confirm the results

that has been produced by Yfiler Plus® kit.
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Chapter 4: Discussion

Over the past decades forensic genetics has been continually improved
specially in the quality of STR analysis. In this study forensic parameters have been
determined and alleles distribution was investigated in the UAE Arab male population
in comparison to other male populations using the new 27 Y-STR Yfiler Plus®
amplification kit. It was found that, compared to the 17 Y-STR Yfiler® kit, the new
Yfiler Plus® kit shows greater power of discrimination, greater haplotype diversity and
the additional loci shows more genetic diversity. The additional loci are
(DYF387S1(a/b), DYS449, DYS481, DYS518, DYS458, DYS627, DYS570,
DYS460 and DY S533). Seven of these additional loci are rapidly mutating (RM) Y-
STRs.

Allele frequency of 343 UAE Arab male individuals that scored for the 27 Y-
chromosome STRs are shown in (Table 9) and (Appendix). The most polymorphic loci
were DYS385a/b with 46 total number of alleles (Table 9) and DYF387S1a/b with 36
total number of alleles (Appendix). Corresponding to that DYS385a/b and
DYF387S1a/b exhibit the highest genetic diversity 0.94984 and 0.930523 respectively
(Table 11). These loci have such high diversity because it is a multi-copy loci.
DYS458, DYS481, DYS518 and DYS449 have 13, 13, 12 and 12 total number of
alleles respectively (Appendix) with genetic diversity of 0.837178, 0.854262, 0.84894,
and 0.895402 respectively. Loci which exhibited lower polymorphisms were DY S460,
DYS439 and DY S533 which have a total number of 6 alleles (Appendix) with genetic
diversity 0.601112, 0.678039 and 0.628817 respectively. DY S393 have 5 total number

of alleles with 0.641826 genetic diversity. DYS3891, DYS391 and DYS437 have 4
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total number of alleles with genetic diversity of 0.525174, 0.455561, and 0.437932
respectively.

According to measures of genetic diversity the highest diversity were observed
at locus DY S385=0.94984, DYF38751=0.930523 and DY S449=0.895402. Therefore,
these loci should be considered the most diverse and polymorphic for forensic testing
which are useful to differentiate between male relatives. While loci with the lowest
diversity such as loci DY S391=0.455561, DY S437=0.437932 and DY S392=0.402315
are the least polymorphic loci and are more useful for paternity lineage testing. Among
the nine markers showed the highest gene diversity, seven are new in the Yfiler Plus®
kit compared to the Yfiler® kit (Table 11). These results confirm what has been
reported in previous studies for different populations such as Italian, Austrian, Nigeria,
Serbia and Eastern Turkey populations [27, 36—-39]. As there are no data or researche
published yet for Arab populations in Arabian Peninsula using the 27 Y-STR Yfiler
Plus® the results of 17 Y-STR Yfiler® loci of -Irag, Syria and Tunisia male populations
[40-43] were used to compare with the present study results and it was found that there
is no significant difference between all the results taking into consideration forensic
parameters and loci diversity.

Although the number of alleles at each locus affects the genetic diversity, it is
not necessarily that the diversity should be higher for loci with high number of alleles
detected. Because genetic diversity affected by the way of the prevalence of the locus
alleles among the population. For example DY S392 has 7 total number of alleles while
DYS437 has 4 total number of alleles but the genetic diversity for these loci are
0.402315 and 0.437932 respectively. A total number of 266 distinct alleles were

observed across the 27 loci in the UAE Arab male population.
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Alleles are distributed in any population at different rates. The analysis of the

allele frequency in the UAE Arab male population clearly showed that each locus has
predominant allele (Table 10 and Figure 12). There was difficulty in determining a
predominant allele in some loci such as DYS458, DYS481, DYS449 and DYS570
(Appendix). DYS458 has 4 alleles (16, 15, 17 and 18.2) which distributed among UAE
Arab male population in close ratio. While DY S481 has 3 alleles (23, 25 and 26) which
almost has the same probability of prevalence in the UAE Arab male population.
Moreover, DY S449 almost has equally distributed alleles which means this locus is
good for discrimination because the more the allele is equally distributed the high
genetic diversity. So, it is clearly noticed that DY S449 has the highest genetic diversity
among the single-copy loci (Table 11). In addition, for locus DY S570 it was not easy
to determine the predominant allele because it has 3 alleles which are very close in the
prevalence among the UAE Arab male population. There is a high possibility the
predominant allele can be changed in these loci in case of increasing the number of the
samples. (Table 10) shows the most predominant alleles in UAE Arab male population
were allele 11 of DYS392 locus which was shared among 76.4% of the population;
almost similarly allele 14 of DYS437 locus was shared among 71.7% of the
population, allele 10 of DYS391 locus was shared in 68.5% of the population and
allele 13 of DYS389l locus is shared among 64.4% of the population which mean these
alleles in such loci should be treated carefully in interpretation process for paternity
testing because there is high possibility to have the same allele in these loci shared
among non-related individuals. Even with minimal rate of allele prevalence still there
are predominant alleles such as allele 13, 19 of the multi-copy locus DY S385(a/b) is
shared between 13.4% of the population; similarly, allele 37 of the multi-copy locus

DYF387S1(a/b) is shared among 13.4% of the population. In fact, this study shows
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approximately half of the population share at least 9 alleles across the 27 STR loci.
Comparison of allele frequencies in UAE Arab male population with other populations
[40, 42, 44-52] showed that UAE Arab male population share most of its predominant
alleles with Turkey (shares 12 loci), Tunisia (shares 10 loci), India (shares 9 loci) and
Syria and Iraq (shares 8 loci) populations (Table 17). It can be observed that there were
shared alleles across most of the populations. DYS389I shared allele 13 among all
populations except Irag and Finland populations which shared allele 14. And allele 14
in DYS19 was shared among all population except Somalia, Tunisia and India
populations which have different predominant alleles 11, 13 and 15 respectively.
Likewise, there were alleles shared with neighboring populations such as Iraq, Turkey
and Syria populations. These alleles are allele 10 in locus DYS391 and allele 11 in
locus DY S92.

A total of 313 unique haplotypes were obtained from 343 individuals using the
27 Y-STR Yfiler plus® kit. And there were 15 haplotypes which shared among two
individuals. On the other hand a total of 247 unique haplotypes were obtained from
the same individuals using the 17 Y-STR Yfiler® kit. And there were 36 haplotypes
which shared among at least two individuals (Table 12A, B). Compared to the 17 Y-
STR Yfiler® kit, the 27 Y-STR Yfiler Plus® kit discrimination capacity and haplotype
diversity is greater, as expected, because of the number of analyzed loci, as shown in
(Table 13). DC of the 17 Y-STR Yfiler® and 27 Y-STR Yfiler Plus® was 87.28 and
95.43 respectively while HD was 99.65 and 99.973 respectively. The increase in the
power of discrimination and haplotype diversity with the addition of the 10 extra Y-
STRs of the Yfiler Plus® was pronounced in the UAE Arab male population. DC and
HD results of UAE Arab male population were compared with the results of other

populations [27, 36, 37, 53-56] (Table 18). Results shows that HD and DC were
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increased in all populations. Greenlanders showed the lowest HD and DC (99.71, 79)

respectively



Table 17: Predominant alleles compared with Different populations. Allele shared between UAE Arab male populations are highlighted

Population UAE ?3:22:5 Iraq T3
N=343 N=215 N=400 N=76
DYS456 15 3
DYS389I 13 14
DYS390 23 21
DYS389lI 30 29 20
DYS458 16 _ 15
DYS19 14
DYS385-A 13 _ 10
DYS385-B 18 _ 14 11
DYS393 13 14 12
DYS391 10
DYS439 11 13 10
DYS635 21 _ 24
DYS392 11
GATAH4 11 _ 12
DYS437 14 13
DYS438 10 11
DYS448 20 _ 19
number of
sr:lar:;ooci 17 / 8 12

Syria Somalia | Spain Tunisia Brazil Finland | Colombia Italy India
N=113 N=201 N=347 | N=218 | N=412 N=400 N=173 N=155 | N=106
_ _ 14 _ _ _ _
14
25 24 25 24 24 24 24 22
31 16 31 29 29 29
_ _ 17 _ _ _ _
11 13 15
16 27 15 15 _ 11 _ 12 11
28 _ 13 _ _ 14
12 14
11 9 11 11
12 12 10 _ 10 14 12
_ _ 22 _ _ 24 _ _
13 14 13 14 13
_ _ 12 _ 29 _ 12
14 15 _ 15 15
9 11 12 _ 13 _ 11
_ _ 19 _ _ _ 19
8 4 5 10 4 5 3 5 9

53
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Table 18: Comparison of HD and DC between UAE population and other

populations

oopulations Yfiler® Yfiler Plus®

HD DC HD DC
UAE 99.65 | 87.28 | 99.973 95.43
Danes 99.99 98 100 100
Greenlanders | 98.72 57 99.71 79
Somalia 98.03 61 99.93 99
Serbia - 98.92 | 99.985 | 99.985
Nigeria 99.92 - 99.98 -
Peru - - 100 100
Han (China) 99.987 | 96.5 | 99.999 99.6
autochthonous | | o5 55 | 99.99996 | 99.9996
(Spain)
Austrian 99.99 | 97.88 | 99.9989 | 99.76
Italian 99.97 | 97.04 | 99.99 98.52

In relationship testing, the inclusion of seven RM Y-STRs in Yfiler Plus® may
cause some concern, because these loci have high mutation rates and, thus, genetic
inconsistencies will rather frequently be observed between paternally closely related
individuals [53]. Discrimination capacity can be increased between unrelated
individuals and males of the same patrilineage by using RM Y-STRs even between
first degree relatives [36].

Analysis of Molecular Variance (AMOVA) was calculated using online
software YHRD. Using the YHRD database, the resulted haplotypes of UAE Arab
male population were compared to European populations haplotypes generated using
the Yfiler plus® kit since there is no database for Arab male population available for
this kit (Table 14). Results shows that Denmark, Italy, Spain and United States have a
short genetic distance between each other, while UAE Arab male population showed
higher value of genetic distance with these populations. For parallel comparison

purposes with nearby populations the new loci that added to the 27 Y-STR Yfiler plus®
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were eliminated and the analysis was done using only 17 Y-STR Yfiler® loci (Table
15). AMOVA showed that the genetic distance between UAE Arab male population
and Iran, Iraq, Egypt, Yemen and Kuwait populations were closest to each other
respectively. Whereas it appeared to be far from Sudan, Jordan and Tunisia
populations.

The MDS plot structured from Fs distance matrix for the 27 Y-STR Yfiler
plus® (Figure 14) showed that UAE Arab male population is far from other European
populations. Corresponding to the AMOVA results Denmark, Italy, Spain and United
States are clustered together while Hungary was observed far from them. This reflects
that the UAE Arab male population has statistically significant different genetic
structure from European population. In contrast, The MDS plot for the 17 Y-STR
Yfiler® (Figure 15) showed that UAE Arab male population clustered along with Iran,
Iraq, Egypt, Yemen and Kuwait populations which mean that they have a closer
genetic relation. These results also correlated with the geographical distribution of
these populations.

Abnormal alleles were noticed in UAE Arab male population. Null alleles were
observed in two loci DYS438 and DYS390 (Figure 16). Comparing to other studies
null alleles were observed in two Iragi individuals and one Italian male at DY S448
locus [57, 58]. In other study they noticed null alleles in DY S448, DYS392, DY S549
and DYS385a/b [59]. That means the null alleles in UAE Arab male population is
unique in DYS438 and DYS390 loci. These null alleles could be because of two
reason. Firstly primer binding site mutation which lead to un-amplified the locus.
Secondly it could be a true null alleles due to deletion mutation of the whole locus [57]

which happens due to the rearrangement on the long arm of the human Y-chromosome
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“azoospermia factor regions” (AZFa, AZFb, AZFc) [58]. Other type of abnormal
alleles were found in UAE Arab male population; there were multiple alleles in three
different loci DYF387Sla/b, DYS19 and DYS570 (Figure 16). Four alleles were
observed in one individual in DYF387S1a/b locus and three alleles were observed in
two individuals in the same locus where double alleles were observed in DYS19 and
DYS570. Three alleles in DYF387Sla/b and DYS385a/b were also previously
observed in Serbia population [39] and double alleles were also observed in Iraqi
population in two loci DYS439 and DYS635 [57]. Moreover, double alleles were
observed in Bahia (Brazil) in three loci DYS389 11, DYS437 and DY S439 [60]. There
are other previous studies that showed double alleles in DYS19 [61, 62]. That means
the four alleles that were observed in DYF387Sla/b locus and double alleles in
DYS570 were unique mutation in UAE Arab male population. The reason behind that
could be because if insertion of chromosomal region including the STR locus during
the transmission of Y chromosome among paternal lineage [63]. On the other hand,
intermediate alleles were found in 9 loci (DYS458, DYF387S1(a/b), DYS627,
DYS576, YGATAH4, DYS448, DYS518, DYS385(a/b) and DYS481) (Table 16).
Intermediate alleles for other populations are shows in (Table 19) [39, 64]. The reason
for that could be one, two or three base deletions within or far from the repeat region

[19].



Table 19: Intermediate allele in different loci for different populations

Loci \ERTEe Populations
alleles
DYS392 10.2,11.2 Adygeis, Russia
Han, Taiwan,

DYS458 17.2 China
DYS481 25.1,26.1
DYS385 12.2 India
DYS549 11.3
DYS390 24.3 Serbia
DYS458 | 17.2,19.2,20.2

S7

Abnormal loci (DYF387S1a/b and DY S570) which have multiple alleles was

repeated using RM-Yplex kit [31]. RM-Yplex results confirmed the results that have

been obtained from Yfiler Plus® kit (Figure 18).
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Chapter 5: Conclusion

It can be concluded that the new 27 Y-STR Yfiler Plus® shows more power of
forensic discrimination, more haplotype diversity and the additional loci shows more
genetic diversity. The dramatic increase in the power of discrimination between male
individuals from previous version, Yfiler, and new version, Yfiler Plus, will clearly
results in no match when inquiry is done using one of the largest Y-STR haplotypes
databases such as YHRD. Therefore, Y-STR haplotypes should be continuously
produced and studied in order to enrich the database for realistic estimation of the

haplotype frequency for forensic purposes.

The genetic structure of UAE Arab male population showed close distance
with the surrounding populations especially to Arab populations. Observing a null
locus should not represent a problem for profile interpretation. More than one peak at
one or more loci could lead up to deep misinterpreting of a profile and therefore from
which kind of sample the profile come out. This study is very important and it
contributes to other studies in the Gulf region to study the genetic diversity of
populations. Further studies are needed such as sequencing the abnormal alleles to
know what exactly the reason behind that. However, this study calls for more studies

such as disease-associated haplotypes, archeological, and historical studies.

According to measures of genetic diversity the highest diversity should be
considered the most diverse and polymorphic for forensic testing which are useful to
differentiate between male relatives. While loci with the lowest diversity are the least

polymorphic loci and are more useful for paternity lineage testing.
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Among the nine markers showed the highest gene diversity, seven are new in

the Yfiler Plus® kit compared to the Yfiler® kit which confirm our hypothesis.
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Table 20 (A-X): Alleles frequency of different loci with bar charts for UAE Arab
male population

A. Locus DYF387S1(a/b)

Alleles for the locus DYF387S1(a/b)

Haplotype

Haplotype

No. Haplotype Freq. | Percentage No. Haplotype | Freq. | Percentage
1 32,35 1 0.3 19 36,37,40 1 0.3
2 34,35 1 0.3 20 37,38 43 12.5
3 34,35,38,39 1 0.3 21 37 46 13.4
4 35,36 6 1.7 22 37,39 15 4.4
5 35,40 3 0.9 23 37,40 11 3.2
6 35 4 1.17 24 37,42.2 1 0.3
7 35,38 13 3.8 25 37,39.2 1 0.3
8 35,37 14 4.1 26 37,41 1 0.3
9 35,50 1 0.3 27 38,39 16 4.7
10 35,39 6 1.7 28 38,40 6 1.7
11 35,41 2 0.6 29 38 20 5.8
12 35,41.2 1 0.3 30 39 22 6.4
13 36,40 6 1.7 31 39,40 10 2.9
14 36,38 18 5.2 32 39,41 1 0.3
15 36 4 1.17 33 40 7 2
16 36,39 12 3.5 34 40,42 1 0.3
17 36,39 43 12.5 35 40,41 1 0.3
18 36,41 3 0.9 36 41 1 0.3
Total 343 100




Alleles

locus DYF387S1

41 P03
4041 P 03
4042 03
40 [ 2
3941 J 03
3040 S 2.9
39 . 64
38 . 58
3840 N 17
3839 [—— 4.7

37,41 B 03
37,392 J§ 0.3
37,422 J 03

3740 I 32
3730 I .

37 . 1.4
3735 I 125

36,37,40 ) 03

3641 B 0.9

3639 I 12 5

36,39 S 35

36 Wl L17
36,38 [—— 52
36,40 I 17

35412 03

3541 [ 06

3539 [N 17

3550 [ 0.3

3537 [ /.1

3538 [ s
35 W 117

3540 [ 0.9

3536 N 17

34,35,3839 J 0.3
3435 B 0.3
3235 B 03

0 2 4 6 8 10
Percent

12

14

16

67



B. Locus DYS458

25

Percent
[
ol

=
o

Alleles for the locus DY S458
AUEES | AlliEE Freq. Percentage
No. repeats
1 13 2 0.6
2 14 5 1.5
3 15 73 21.3
4 16 79 23
5 16.2 1 0.3
6 17 64 18.7
7 17.2 16 4.7
8 18 23 6.7
9 18.2 52 15.2
10 19 7 2
11 19.2 12 35
12 20.2 8 2.3
13 21.2 1 0.3
Total 343 100
locus DY S458
23
21.3
18.7
15.2

0.3

15 16 16.2

17.2
Alleles

18

3.5
2
m B

182 19

19.2

2.3

20.2

0.3

21.2

68



C. Locus DYS481
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16

Alleles for the locus DY S481
llieizs |- Akl Freq. | Percentage
No. repeats
1 16 1 0.3
2 19 1 0.3
3 20 3 0.9
4 21 25 7.3
5 22 48 14
6 23 76 22.2
7 24 39 11.4
8 25 58 16.9
9 26 57 16.6
10 27 22 6.4
11 28 10 2.9
12 28.1 1 0.3
13 30 2 0.6
Total 343 100
locus DYS481
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D. Locus DYS518

Percent

30
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15
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’ =
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Alleles for the locus DY S518
Alleles | Allele Freq. | Percentage
No. repeats :
1 34 6 1.7
2 35 18 5.2
3 36 17 5
4 37 32 9.3
5 38 74 21.6
6 38.1 1 0.3
7 39 85 24.8
8 40 48 14
9 41 31 9
10 42 21 6.1
11 43 7 2
12 44 3 0.9
Total 343 100

locus DYS518

216
9.3

52 5 I

3 36 37 38

24.8

0.3

38.1 39
Alleles

14

70



E. Locus DYS449

Percent

20
18
16
14
12

onN B O

Alleles for the locus DY S449

Alleles | Allele

No. | repeats Freg. | Percentage
1 24 5 1.5
2 25 21 6.1
3 26 65 19
4 27 25 7.3
5 28 25 7.3
6 29 29 8.5
7 30 31 9
8 31 35 10.2
9 32 50 14.6
10 33 24 7

11 34 20 5.8

12 35 13 3.8

Total 343 100

locus DY S449

19

26

Alleles

10.2
8.5 9
73 73 I I
27 28 29 30 31 3

14.6

2
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F. Locus DYS576

1.5

12

Alleles for the locus DY S576
Alleles | Allele
No. repeats Freg. | Percentage
L 12 5 15
2 13 1 03
3 14 3 0.9
4 15 28 8.2
> 16 54 157
6 17 102 29.7
7 17.2 1 0.3
8 18 101 29 4
o 19 33 96
10 20 12 35
1 21 3 0.9
Total 343 100
locus DY S576
29.1 29.4
8.2
0.3 0.9 03
r H 15 16 ; 17.2 18

Alleles
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G. Locus DYS627

£20

o

S 15
10
5 15
0 [ |

16

Alleles for the locus DY S627
Alilles | AdEle Freq. | Percentage
No. repeats
1 16 5 1.5
2 17 18 5.2
3 17.2 1 0.3
4 18 30 8.7
5 19 53 155
6 20 100 29.2
7 21 66 19.2
8 21.2 1 0.3
9 22 54 15.7
10 23 11 3.2
11 24 4 1.2
Total 343 100

52
m -
17 17.2

locus DYS627

29.2
19.2
155
8.7
x
18 19 20 21

Alleles

21.2

15.7

22

3.2

23

1.2

24

73



H. Locus DYS570

Alleles for the locus DY S570
llielles | ALEe Freq. Percentage
No. repeats
1 14 4 1.2
2 15 13 3.8
3 16 25 7.3
4 17 86 25.1
5 18 91 26.5
6 19 77 22.4
7 20 32 9.3
8 21 10 2.9
9 22 4 1.2
10 20,21 1 0.3
Total 343 100
locus DYS570
30 5y 265
25 22.4
.20
* 10 73 %3
5 38 2.9
, = 1 H H H . l s
14 15 16 17 18 19 20 21 22 2021

Alleles



Locus DYS635

0.6 0.6

17

19

Alleles for the locus DY S635

AII\IlEg.es r':}l){eea:fs Freg. | Percentage
1 17 2 0.6
2 19 2 0.6
3 20 45 13.1
4 21 164 47.8
z 22 38 11.1
5 23 62 18.1
7 24 21 6.1
8 25 7 2
9 26 2 0.6

Total 343 100

locus DYS635

47.8

13.1

20 21

N . E
&

Alleles
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J. Locus DYS19

0.9
0 —
11

Alleles for the locus DYS19

Alleles | Allele 1 | percentage
No. | repeats 4 :
1 11 3 0.9
2 12 1 0.3
3 13 25 7.3
2 14 | 183 53.4
5 15 81 23.6
5 16 37 10.8
7 17 11 3.2
8 18 1 0.3
9 [ 1516 | 1 0.3
Total 343 100
locus DYS19
53.4
236
108
7.3
3l . i o2
12 13 14 15 16 1 e

Alleles

0.3

15,16

76



K. Locus DYS38911

Alleles for the locus DY S389lI
Alleles | Allele Freq. | Percentage
No. repeats
1 27 8 2.3
2 28 28 8.2
3 29 63 18.4
4 30 172 50.1
5 31 51 14.9
6 32 20 5.8
7 33 1 0.3
Total 343 100
Percent
60 50.1
50
- 40
é 30
£ 18.4 149
0 \s 8.2 .
) e E
27 28 29 30 31
Alleles

L. Locus YGATAH4

Alleles for the locus YGATAH4
Alleles | Allele Freq. | Percentage
No. repeats '

1 8 1 0.3
2 8.2 1 0.3
3 10 12 35
4 11 191 55.7
5 12 105 30.6
6 13 27 7.9
7 14 6 1.7
Total 343 100

5.8

32

0.3

33
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locus YGATAH4

60 55.7
50
40
i< 30.6
8 30
[«5)
[a
20
7.9
10 0.3 0.3 35 17
0 . . JR— L
8 8.2 10 11 12 13 14
Alleles

M. Locus DYS448

Alleles for the locus DY S448
A:\Ilzl'es rﬁ\;)?e:fs Freq. | Percentage

1 18 6 1.7
2 18.4 1 0.3
3 19 89 25.9
4 20 182 53.1
5 21 56 16.3
6 22 6 1.7
7 23 3 0.9

Total 343 100

locus DY S448

53.1
50
40
1=
S 30 25.9
a
20 16.3
10 1.7 0.3 . 1.7 0.9
0 — — — S — .
18 18.4 19 20 21 22 23

Alleles
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N. Locus DYS456

Alleles for the locus DY S456
Alleles | Allele
No. repeats Freq. | Percentage
1 12 1 0.3
2 13 6 1.7
3 14 86 25.1
4 15 158 46.1
5 16 75 21.9
6 17 15 4.4
7 18 2 0.6
Total 343 100
locus DY S456
50 46.1
40
£ 30 25.1
8 219
- l I
10 4.4
1.7
o o e mm °°
12 13 14 15 16 17 18

Alleles

O. Locus DYS390

Alleles for the locus DY S390
A:\Ileolles r’:}')gfs Freq. | Percentage
1 21 27 7.9
2 22 30 8.7
3 23 157 45.8
4 24 80 23.3
5 25 44 12.7
6 26 4 1.2

Null
T Alele | 1 0.3
Total 343 100




50
40

£ 30

S

& 20
o 19
, 1R

21

P. Locus DYS438

locus DYS390

23.3

— .

Alleles

Alleles for the locus DY S438

A:\Ile(.‘)l'es Q;)':;fs Freq. | Percentage

1 8 1 0.3

2 9 74 21.6

3 10 [ 172 50.1

1 T 84 24.5

5 12 7 2

6 13 1 0.3

Null

T Allele |4 h2

Total 343 100

locus DYS438

50.1
216 24.5
0.3 I I 2 0.3
8 9 10 11 12 13

Alleles

0.3

1.2

80



Q. Locus DYS392

90
80
70
60
& 50
E 40
30
20

10 0.3

R. Locus DYS460

Alleles for the locus DY S392
Alleles | Allele Freq Percentage
No. repeats ‘
1 9 1 0.3
2 10 8 2.3
3 11 262 76.4
4 12 18 5.2
5 13 33 9.6
6 14 18 5.2
7 15 3 0.9
Total 343 100
locus DY S392
76.4
9.6
28 — B e O
10 11 12 13 14 15

Alleles

Alleles for the locus DY S460
Alleles | Allele Freq. | Percentage
No. repeats '

1 7 2 0.6
2 8 1 0.3
3 9 14 4.1
4 10 163 475
5 11 141 41.1
6 12 22 6.4

Total 343 100
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Percent

0.6

S. Locus DYS439

Percent

0.3

locus DY S460

47.5
0.3 4.1
: _——
8 9 10
Alleles

41.1

11

Alleles for the locus DY S439
Alleles | Allele
No. repeats Freq. | Percentage
L 8 1 0.3
2 10 | 45 13.1
3 11 | 160 | 4656
: 12| 9 277
2 13 | 38 11.1
° 14 4 1.2
Total 343 100
locus DY S439
46.6
27.7
= I 11.1

Alleles

6.4
.
12
12
14

82



T. Locus DYS533

Alleles for the locus DYS533
Alleles | Allele Freq. | Percentage
No. | repeats '

1 9 3 0.9
2 10 27 7.9
3 11 159 46.4
4 12 132 38.5
5 13 21 6.1
6 14 1 0.3

Total 343 100

locus DY S533

46.4
20 385
- 40
& 30
o
& ig 0.9 79 6.1
0 . —— m —_—
9 10 11 12 13
Alleles

U. Locus DYS393

Alleles for the locus DY S393

AII\II?)I.eS Q;'ee;fs Freq. | Percentage
5 12 151 44
3 13 134 39.1
4 14 37 10.8
5 15 8 2.3

Total 343 100




V. Locus DYS389I

Percent

locus DYS393

44

Alleles for the locus DY S389I
Alleles | Allele
No. | repeats | 'red- | Percentage
L 12 52 15.2
2 13 221 64.4
3 14 67 195
4 15 3 0.9
Total 343 100
locus DY S389I
10 64.4
? 15.2 195

12

13

Alleles

14

15

84



W. Locus DYS391

80

« 60
S 40
o 20

X. Locus DYS437

Alleles for the locus DYS391

All\llczles QF')Le;fS Freq. | Percentage

> 10 235 68.5
3 1 94 27.4
4 12 2 0.6
Total 343 100

locus DYS391

68.5
27.4
35

10

m -
11

Alleles

12

Alleles for the locus DY S437

A:\Iﬁ)l .es r':\rlJt‘eé:fS Freq. | Percentage
1 14 246 71.7
2 15 72 21
3 16 24 7
Total 343 100
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