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Analysis of 17 Y chromosomal STR loci in a population sample of 400 unrelated male living in the
middle and south of Irag was done to evaluate allele frequencies and gene diversity for each Y-STR
locus of the Y filer™ PCR amplification kit. The seventeen loci include DYS635, DYS437, DYS448,
DYS456, DYS458, YGATA H4, DYS389l, DYS389Il, DYS19, DYS391, DYS438, DYS390, DYS439, DYS392,
DYS393, DYS385a and DYS385b. Total DNA from blood cells was extracted using the FTA™ paper DNA
extraction. A total of 361 unique haplotypes were identified among the four hundred individuals studied.
The DYS385b had the highest diversity (GD = 0.8392), while loci DYS392 had the lowest (D = 0.2695).
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INTRODUCTION

Microsatellites (Ellegren et al., 2004) are DNA regions
with repeat units that are 2 to 7 bp in length or most
generally short tandem repeats (STRs) or simple
sequence repeats (SSRs). The classification of the DNA
sequences is determined by the length of the core repeat
unit and the number of adjacent repeat units. It may
contain several hundred to thousands (Butler et al., 2012;
Andrea et al., 2008) of them. Length and sequence
polymorphisms (Silvia et al., 2009) may be found within
the DNA.

DNA can be used to study human evolution. Besides,
information from DNA typing are important for medico-
legal matters with polymorphisms leading to more
biological studies (Walkinshaw et al., 1996). Since the
STR markers are important for human identification
purposes (Carolina et al., 2010), the number of repeats
can be highly variable among individuals and can be
used for identification purposes.

Chromosome Y microsatellites or STRs seem to be
ideal markers to delineate differences between human

populations for several reasons: (a) They are transmitted
in uniparental (paternal) fashion without recombination,

(b) They are very sensitive for genetic drift, and (c) They
allow a simple highly informative haplotype construction.
Also, for forensic applications this ability to differentiate
distinct Y chromosomes makes Y-STR’s an
advantageous addition to the well characterized
autosomal STRs. For a number of forensic applications,
Y-STRs could be superior to autosomal STRs. Especially
in rape cases where (1) the differential lysis was
unsuccessful, (2) the number of sperm cells is very low,

(3) to vasectomy epithelial cells instead of sperm cells
from the ejaculate of the perpetrator have to be analysed,
and (4) the perpetrator, due to a familial relationship
shares many autosomal bands with the victim, Y-STR’s
could provide crucial evidence. Also, in the case of male-
male rape or rape cases with multiple perpetrators, Y-
STRs could lead to essential qualitative evidence. In all
such cases Y-STRs facilitates a simple and reliable
exclusion of suspects (Park et al., 2007; Parson et al.,
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2003; Butler et al., 2002).

Multiplex polymerase chain reaction (PCR) is defined
as the simultaneous amplification of multiple regions of
DNA templates by adding more than one primer pair to
the amplification reaction mixture. Since its first
description in 1988, PCR multiplexing has been applied in
many areas of DNA testing including the analysis of
deletions, mutations and STRs (Chamberlain et al., 1988;
Henegariu et al, 1994; Kimpton et al., 1996).
Furthermore, the wide availability of genetic information
due to the publishing of the sequence of the human
genome makes the demand for multiplex PCR even
greater (Venter et al., 2000; Lander et al., 2001). For
example, more than 1.4 million single nucleotide
polymorphisms (SNPs) have been identified in the human
genome (Venter et al., 2001; Lander et al.,, 2001).
Multiplex PCR primer sets have been used for linkage
studies to track genetic diseases (Evans et al., 2001;
Kwak et al., 2005). Eukaryotic genomes are full of
repeated DNA sequences.

The use of the Y chromosome for forensic purposes
was until recently restricted by a lack of polymorphic
markers (Kayser et al., 1997). The Y chromosome is less
variable than the other chromosomes. The majority of Y
STRs including the ones presented here are located
within its non-recombining region and are passed without
recombination. Thus, results from individual markers
cannot be combined using the product rule. Many
markers are thus needed to obtain a high degree of
discrimination between unrelated males (Kuppareddi et
al., 2010; Hanson and Ballantyne, 2007).

The first aim of this study was to determine the genetic
structure of lIraq population. The second one was to
evaluate the importance of these loci for forensic genetic
purposes.

MATERIALS AND METHODS
Population

Four hundred unrelated healthy males from the middle and south of
Iraq provinces (Figure 1) were used.

DNA extraction

Total DNA from blood cells was extracted using the FTA™ paper
DNA extraction (Dobbs et al., 2002).

PCR

PCR is the process used to amplify a specific region of DNA. It is
possible to create multiple copies from the small amount of
template  DNA using this process. 12Plex amplification was
performed by the commercial kit Y filer™ PCR amplification kit
(Applied Biosystems, Foster City, CA) that amplifies 17 Y-STR loci
(DYS635, DYS437, DYS448, DYS456, DYS458, YGATA H4,
DYS389I, DYS389Il, DYS19, DYS391, DYS438, DYS390, DYS439,
DYS392, DYS393, DYS385a and DYS385b) and a segment of the

amelogenin gene, according to manufacturer’s instructions but in a
total reaction volume of 25 ml.

Typing

The ABI Prism1 3730xI Genetic Analyzer 16-capillary array system
(Applied Biosystems, Foster City, CA, USA) following
manufacturer’s protocols, with POP-7™ Polymer and Data
Collection Software, GeneMapper version 3.5 software (Applied
Biosystems) were used. The allele designations were determined
by comparison of the PCR products with those of allelic ladders
provided with the kit. Nomenclature of loci and alleles is according
to the International Society of Forensic Genetics (ISFG) guidelines
reported in Gill et al. (2001). By comparison of the size of a
sample’s alleles to size of alleles in allelic ladders for the same loci
being tested in the sample, the STR genotyping was conducted.

Quality control

Allelic ladders, male DNA (positive internal control), female DNA
(negative control) and the amelogenin (internal control), provided by
Applied Biosystems, were used in each reaction with the Y filer™
kit.

Statistical data analysis

Allele frequencies were calculated by direct counting. Allele
diversity was calculated as per Nei (1987):

n s
D: l - 5
n—1 ( IZ]:[)’)

where n is the sample size and pi is the frequency of the ith allele.

RESULTS AND DISCUSSION

We identified 317 different haplotypes in our study
sample (Table 2). 216 of which (82.3%) were unique, 15
were found twice (4.7%) and 13 were found in three
individuals (4.1%). The most frequent haplotype was
haplotype number 77 (Table 1). Haplotype 77 seems to
be specific to Irag. This is to be corroborated by future
investigations. The DYS385b and DYS458 had the
highest diversity (GD = 0.8392 and 0.806, respectively),
while loci DYS392 and DYS439 had the lowest (D =
0.2695 and 0.2991, respectively).

Data comparison between our samples and a
previously published sample from the Iragi population
(Nadia et al., 2011) was performed for markers which are
common to both studies using the exact test for
population differentiation implemented in GENEPOP
(Raymond and Rousset, 1995).

In another study on 17 Y-STR Y-chromosomal short
tandem repeat loci from the Cukurova region of Turkey,
the DYS391 recorded lowest gene diversity in this region
to be 0.51 and the highest 0.95 for DYS385a/b and no
significant differences were found when comparing this
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Figure 1. An Irag administrative map showing the population and the central governorates where our samples came from
(areas included in the red circle) (Source: UNOSAT, www.unosat.org, United Nations).

data with haplotype data of other Turkish populations
(Ayse et al., 2011). In Northern Greece, the haplotype
diversity was 0.9992 in seventeen Y STR loci typed in a
population sample of unrelated male individuals.

Haplotypes are presented for the following loci: DYS456,
DYS389l, DYS390, DYS389ll, DYS458, DYS19,
DYS385a/b, DYS393, DYS391, DYS439, DYS635,
DYS392, Y GATA H4, DYS437, DYS438 and DYS448
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Table 1. Allele frequencies of 17 Y-STR loci in 400 Iraq males.

. 8 % 3 2 3§ 5. 8 8. 8. 3_ B B¢
® 38 a5 8% 58 83 °% &, af &8 &3 &3 53 &s

8 - - - - - - - - - - - - 0.0563

9 - - - - - - - - - - - - 0.2188

10 - - - - - 0.1030 - - - - - - 0.4969

11 - - - - - 0.2030 - 0.1625 - - - - 0.1250 0.8
12 - - - - - 0.4981 - 0.0438 - 0.2750 - - 0.1031 0.0
13 - - - 0.0982 - 0.0901 0.3594 0.5219 0.0625 0.3406 - - - 0.0
14 - 0.4881 - 0.0880 0.0531 0.1000 0.4219 0.1719 0.2500 0.3844 - - - 0.0
15 - 0.2500 - 0.5031 0.3300 - 0.1625 0.0094 0.1063 - - - -

16 - 0.2601 - 0.2380 0.1882 - 0.0343 0.0188 0.1438 - - - -

17 - - - 0.0450 0.1001 - 0.0218 0.0563 0.0438 - - - -

18 - - 0.1300 - 0.0730 - - - 0.1688 - - - -

19 - - 0.5032 - 0.1030 - - 0.0156 0.1719 - - - -

20 0.0781 - 0.2430 - 0.1431 - - - 0.0531 - - - -

21 0.1650 - 0.1003 - - - - - - - - 0.0500 -

22 0.0530 - 0.1000 - - - - - - - - 0.0594 -

23 0.2880 - - - - - - - - - - 0.4406 -

24 0.3781 - - - - - - - - - - 0.3688 -

25 0.0301 - - - - - - - - - - 0.0813 -

28 - - - - - - - - - - 0.0906 - -

29 - - - - - - - - - - 0.4125 - -

30 - - - - - - - - - - 0.2938 - -

31 - - - - - - - - - - 0.1188 - -

32 - - - - - - - - - - 0.0500 - -

33 - - - - - - - - - - 0.0344 - -

GD*  0.737 0.631 0.651 0.671 0.806 0.682 0.6650 0.6547 0.8392 0.6606 0.7140 0.6573 0.5802 0.2

GD*: Genetic diversity; In bold are the most common allele for each locus.

This database study provides additional
information for the application of Y chromosomal
STRs to forensic identification efforts in Greece
(Leda et al., 2008).

This paper follows the guidelines for publication
of population data requested by Lincoln et al.

(2000).

Conclusions
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Table 2. Haplotypes for the 17 Y-STR loci observed 400 Iraq males.

[

E 3 S 8 3 3 2 o 3
e85 § 8 8 £ 9 2 8 8 2 8 3 833 Fn o

g2 2 ¢ 2 ¢ 5 9900 90 85 8 5s 3

[a) [a) [a) [a) @) > @) @) a) a) a) [a) o n

H1 24 15 20 15 14 12 13 11 16 12 30 23 10 11 13 10 13 1 0.0025
H2 24 15 18 15 14 13 13 11 16 12 30 23 8 11 13 9 13 1 0.0025
H3 24 15 20 15 15 12 13 11 16 12 31 23 8 11 12 9 10 1 0.0025
H4 24 15 19 15 15 11 13 11 14 12 31 23 8 11 13 11 10 1 0.0025
H5 24 15 19 16 15 10 13 13 14 12 31 23 10 11 13 10 10 1 0.0025
H6 24 15 19 16 17 12 13 13 14 12 28 23 10 11 13 10 13 1 0.0025
H7 24 15 19 14 17 12 13 13 14 12 28 23 9 11 14 12 13 1 0.0025
H8 24 15 19 16 17 11 13 13 14 12 28 23 10 11 13 12 10 1 0.0025
H9 24 15 20 16 17 14 13 13 14 12 29 23 10 11 13 12 10 5 0.0125
H10 24 15 19 16 15 14 13 13 14 12 29 23 8 11 14 12 11 1 0.0025
H11 24 15 19 13 15 11 13 13 14 12 29 23 9 11 14 10 11 1 0.0025
H12 24 15 212 13 15 10 13 13 14 14 29 23 10 11 12 11 11 1 0.0025
H13 24 15 21 15 15 13 13 13 14 14 29 23 10 11 13 10 11 1 0.0025
H14 24 15 22 15 15 12 13 13 14 13 29 23 10 11 14 10 10 1 0.0025
H15 24 15 19 15 20 12 13 13 18 13 29 23 10 11 14 12 10 1 0.0025
H16 24 15 19 15 16 12 13 13 18 13 28 23 8 11 13 12 13 1 0.0025
H17 24 15 19 15 18 12 13 13 18 13 28 23 8 11 13 12 10 1 0.0025
H18 24 15 19 14 18 13 13 13 16 13 28 23 10 11 13 12 10 1 0.0025
H19 24 15 19 16 18 12 13 14 16 13 31 23 10 11 13 10 10 1 0.0025
H20 24 15 21 16 15 12 13 14 16 12 31 23 10 11 13 10 10 1 0.0025
H21 24 14 21 16 16 12 13 11 16 12 31 23 10 11 12 10 10 1 0.0025
H22 24 14 19 15 15 12 13 11 13 12 28 23 10 11 12 10 10 1 0.0025
H23 24 14 19 15 20 12 13 11 13 12 28 23 10 11 14 9 10 1 0.0025
H24 24 14 19 13 15 12 13 11 13 12 30 23 10 11 14 10 10 1 0.0025
H25 24 14 20 15 15 12 13 11 18 12 30 23 10 11 13 10 10 3 0.0075
H26 24 16 18 15 19 12 13 11 14 12 30 25 10 11 13 10 10 3 0.0075
H27 24 16 18 16 15 12 13 11 14 12 32 23 10 11 13 10 10 1 0.0025
H28 24 14 19 13 15 12 13 11 18 12 33 23 10 11 13 10 10 1 0.0025
H29 24 14 19 15 20 12 13 13 18 14 30 21 10 11 13 10 10 1 0.0025
H30 24 14 20 15 19 12 13 13 18 14 29 24 10 11 13 10 10 1 0.0025
H31 24 14 20 16 15 12 13 13 18 13 29 24 10 11 12 10 11 1 0.0025
H32 24 14 20 13 15 11 13 13 18 14 29 25 10 11 13 10 11 1 0.0025
H33 24 16 20 15 15 10 13 13 18 14 29 21 10 11 13 10 11 1 0.0025
H34 24 15 20 15 16 12 13 13 18 14 29 23 10 11 13 10 11 1 0.0025
H35 24 15 21 15 16 10 13 13 18 13 29 23 10 11 13 10 11 1 0.0025
H36 24 15 21 14 16 13 13 13 18 12 29 23 10 11 14 10 11 1 0.0025
H37 24 15 19 15 16 11 13 13 18 14 29 24 10 11 13 10 11 1 0.0025
H38 24 14 20 15 15 14 13 13 16 13 30 23 10 11 13 10 11 1 0.0025
H39 24 14 19 15 15 10 13 13 19 13 28 23 10 11 13 10 11 1 0.0025
H40 24 14 19 14 15 12 13 13 19 13 30 24 10 11 13 10 11 1 0.0025
H41l 24 14 19 13 15 12 13 13 19 13 32 21 10 11 13 10 11 1 0.0025
H42 24 14 19 16 15 12 13 13 19 13 32 25 10 11 12 10 11 1 0.0025
H43 24 14 19 15 16 12 13 13 14 13 28 25 10 11 12 10 11 1 0.0025
H44 24 14 19 15 20 12 13 13 14 13 29 25 10 11 12 10 11 1 0.0025
H45 24 14 19 15 19 12 13 12 14 13 32 25 10 11 13 10 12 1 0.0025
H46 24 14 21 15 16 12 13 12 14 13 30 25 10 11 13 10 12 1 0.0025
H47 24 14 18 15 16 11 13 12 14 13 28 23 10 11 12 10 12 1 0.0025

005
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Table 2. Contd.

H48 23 14 19 15 16 13 13 12 14 13 28 23 10 11 14 10 12 1 0.0025
H49 23 14 19 13 15 12 13 12 14 12 28 24 10 11 13 10 12 1 0.0025
H50 23 14 19 16 15 14 13 12 14 12 30 24 10 11 12 10 10 1 0.0025
H51 23 14 21 16 15 11 13 11 14 14 30 24 10 11 12 9 10 1 0.0025
H52 23 14 20 15 15 11 13 11 14 14 30 25 10 11 12 10 13 2 0.0050
H53 22 14 20 15 16 11 13 11 14 13 30 23 10 11 12 10 14 1 0.0025
H54 22 14 18 15 20 11 13 11 14 12 30 23 10 11 13 10 10 1 0.0025
H55 23 14 20 15 19 11 13 11 14 14 30 24 11 11 13 10 13 1 0.0025
H56 23 14 20 15 18 12 13 11 19 13 30 24 11 11 13 10 12 1 0.0025
H57 23 14 20 14 18 11 13 11 16 12 30 24 11 11 14 11 10 1 0.0025
H58 23 14 20 15 17 12 13 11 16 14 30 24 11 11 13 9 10 1 0.0025
Table 2. Contd.
o
>
g v ~ © © T S 5 & o o 2 S o X
£, 8 2 3 & 2 £ 28 8 8 83 3 3 32afaN F
n oo N v < n o »n o o on > > >0m0m™
> > > > > O x> > > > > 04 © Db
O o o o o > [ala O o o o
H59 23 14 19 17 17 11 13 11 15 13 32 22 8 11 14 10 10 1 0.0025
H60 23 16 19 15 17 14 13 11 15 13 32 24 10 11 13 10 10 1 0.0025
H61 23 14 19 16 17 13 13 11 15 13 30 25 10 11 13 12 10 1 0.0025
H62 23 14 18 16 17 11 13 11 15 12 30 25 10 11 13 11 10 1 0.0025
H63 23 15 19 13 17 11 13 11 15 14 30 25 9 11 14 11 9 1 0.0025
H64 23 15 19 14 17 12 13 11 15 14 32 25 10 11 14 11 10 1 0.0025
H65 23 15 19 17 20 12 13 11 15 14 29 25 10 11 13 10 9 3 0.0075
H66 23 14 20 17 19 12 13 11 15 14 30 23 8 11 13 10 9 1 0.0025
H67 23 14 20 15 19 11 13 11 15 14 30 23 10 11 12 10 14 1 0.0025
H68 23 14 21 16 19 13 13 11 15 14 30 24 9 11 13 10 13 1 0.0025
H69 23 14 21 16 20 12 13 11 18 13 30 24 9 11 13 9 10 1 0.0025
H70 23 14 19 16 18 12 13 11 18 14 29 24 9 11 13 12 10 1 0.0025
H71 23 14 19 15 20 12 13 11 18 12 29 24 9 11 13 11 10 1 0.0025
H72 23 14 20 16 17 12 13 11 18 12 29 23 12 11 13 11 10 1 0.0025
H73 23 14 21 16 17 10 13 11 19 12 29 23 10 11 13 11 10 1 0.0025
H74 23 14 19 16 15 11 13 11 19 12 29 22 10 11 13 11 11 1 0.0025
H75 23 14 19 14 15 14 13 11 19 12 29 23 9 11 13 11 11 1 0.0025
H76 23 14 19 15 15 12 13 11 14 12 29 23 9 11 13 10 11 1 0.0025
H77 23 14 18 15 15 13 13 11 14 12 29 24 11 11 13 10 11 7 0.0175
H78 23 16 18 15 15 12 13 11 14 13 29 24 10 11 13 12 11 1 0.0025
H79 23 15 18 15 20 12 13 11 14 12 30 24 10 11 13 10 11 1 0.0025
H80 23 16 18 13 20 11 13 11 14 14 30 24 9 11 13 10 14 1 0.0025
H81 23 16 19 13 19 11 13 11 14 14 30 23 11 11 13 10 14 1 0.0025
H82 23 16 19 15 19 12 13 16 13 14 30 25 10 11 13 10 10 1 0.0025
H83 23 16 19 15 16 12 13 16 13 12 30 25 10 11 13 9 10 1 0.0025
H84 23 14 19 15 15 12 13 16 13 12 30 25 10 11 13 10 10 1 0.0025
H85 23 16 20 15 15 11 13 14 13 12 30 24 9 11 13 10 10 1 0.0025
H86 23 16 20 16 16 13 13 14 17 12 30 24 11 11 13 10 14 1 0.0025
H87 23 14 21 15 16 11 13 14 17 12 29 24 12 11 13 10 14 1 0.0025
H88 23 15 21 15 19 12 13 14 20 12 29 24 11 11 13 11 12 1 0.0025
H89 23 14 21 15 20 12 13 14 20 12 29 25 9 11 13 11 13 1 0.0025
H90 20 16 21 15 18 12 13 14 20 12 29 24 10 11 13 9 13 3 0.0075
H91 20 16 21 15 17 12 13 14 18 12 29 24 10 11 13 10 13 3 0.0075
H92 20 16 21 13 17 11 13 14 19 12 29 24 12 11 13 12 13 1 0.0025
H93 20 16 19 16 17 12 13 14 19 12 29 24 10 11 13 10 13 1 0.0025
H94 20 15 19 15 15 12 13 14 16 12 29 23 10 11 13 11 13 1 0.0025
H95 20 14 19 15 20 12 13 14 16 12 29 23 9 11 13 10 13 1 0.0025
H96 20 14 19 17 15 12 13 14 16 12 29 23 8 11 13 10 14 1 0.0025
H97 20 14 19 14 15 14 13 14 16 12 29 23 12 11 13 10 10 1 0.0025
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H98 24 14 19 13 15 13 13 14 16 14 29 21 12 11 13 11 10 1 0.0025
H99 24 14 19 16 15 10 13 14 16 14 29 22 8 11 13 11 11 1 0.0025
H100 24 14 19 17 15 12 13 13 16 14 29 22 10 11 13 11 13 1 0.0025
H101 21 14 19 17 16 12 13 13 16 14 29 25 10 11 13 11 12 1 0.0025
H102 21 14 19 15 16 11 13 13 16 14 32 23 10 11 13 10 12 1 0.0025
H103 21 14 20 15 16 12 14 13 16 14 28 22 10 13 13 10 12 1 0.0025
H104 21 14 20 15 19 12 14 13 16 14 33 23 10 13 13 10 11 1 0.0025
H105 21 14 18 14 19 10 14 13 16 14 28 25 10 11 13 10 11 1 0.0025
H106 21 14 18 15 19 11 14 13 19 14 28 25 10 11 13 10 14 1 0.0025
H107 21 14 21 15 19 10 14 13 15 14 28 23 10 11 13 10 14 1 0.0025
H108 21 14 22 15 19 12 14 13 19 14 28 23 10 11 13 10 14 1 0.0025
H109 21 14 22 15 20 12 14 13 20 14 32 23 10 12 13 10 11 5 0.0125
H110 21 14 19 15 15 12 14 13 20 13 32 23 10 11 13 10 11 1 0.0025
H111 21 14 20 15 16 12 14 14 20 13 29 23 10 11 13 10 11 1 0.0025
H112 21 14 22 15 16 11 14 14 13 13 29 23 10 11 13 10 11 1 0.0025
H113 21 14 19 15 15 11 14 14 13 13 29 25 10 13 13 10 11 1 0.0025
H114 22 14 19 16 15 10 14 14 13 13 31 23 10 13 13 10 11 1 0.0025
H115 23 14 22 16 15 13 14 14 13 12 31 24 10 13 13 10 11 1 0.0025
H116 22 14 18 16 15 12 14 14 13 13 31 25 10 12 13 10 11 1 0.0025
Table 2. Contd.
E’ 7S ~ 0 © 0 Er L(g S o > o § N ™ %—o %
= 2 2 3 2 2 2 2 8 8 8 8 3 2 a8 O JN F
tge ¢ ¢ 2 2 35 2 2 ¢ 92 92 9 o 29 Qo Z
[a) [a] [a] [a] [a] > o o [a] [a] [a)] [a)] (e
H117 21 14 19 16 20 12 14 14 19 14 30 23 10 11 13 12 10 1 0.0025
H118 21 14 19 15 16 12 14 14 18 12 30 23 10 11 13 9 10 1 0.0025
H119 21 6 19 15 16 11 14 14 16 12 30 23 10 11 13 9 13 1 0.0025
H120 21 15 19 15 18 12 14 14 18 12 30 23 10 12 13 10 11 2 0.0050
H121 21 14 19 16 18 14 14 14 18 12 30 23 9 11 14 10 11 3 0.0075
H122 21 14 19 13 17 14 14 14 18 12 30 23 11 11 12 10 11 1 0.0025
H123 21 6 19 15 15 14 14 14 18 14 30 23 11 11 14 10 11 1 0.0025
H124 21 5 19 15 15 12 14 14 18 13 30 23 11 12 14 10 11 1 0.0025
H125 21 6 19 15 20 12 14 14 18 13 30 23 10 14 14 10 13 1 0.0025
H126 21 6 19 16 20 12 14 14 14 13 28 23 10 11 13 10 10 1 0.0025
H127 21 14 19 16 19 12 14 14 14 13 29 23 10 14 13 9 10 1 0.0025
H128 24 14 22 16 19 11 14 14 14 13 30 24 12 11 13 9 10 1 0.0025
H129 24 14 20 16 19 13 14 14 14 14 28 24 12 11 12 9 10 1 0.0025
H130 24 14 20 14 15 13 14 14 14 14 28 25 12 13 13 9 12 1 0.0025
H131 24 14 20 13 15 12 14 14 14 12 28 24 11 13 13 9 13 1 0.0025
H132 24 14 20 13 16 12 14 14 14 14 31 24 11 14 13 12 10 1 0.0025
H133 24 15 20 15 14 12 14 14 14 14 31 22 11 11 14 10 10 1 0.0025
H134 24 16 20 15 17 12 14 14 14 14 28 22 9 11 12 10 10 2 0.0050
H135 22 16 20 15 18 12 14 14 14 13 28 23 9 11 12 12 11 2 0.0050
H136 24 6 18 15 17 11 14 14 14 13 29 24 9 11 12 11 11 1 0.0025
H137 24 6 19 15 15 11 14 16 14 13 29 24 10 11 12 10 11 1 0.0025
H138 24 15 19 16 15 13 14 16 14 13 29 24 9 11 12 10 10 1 0.0025
H139 24 14 19 16 16 12 14 16 13 13 29 24 9 11 14 10 10 1 0.0025
H140 24 6 19 16 14 12 14 16 13 13 29 24 11 11 13 10 10 1 0.0025
H141 21 6 19 13 14 12 14 15 17 13 29 24 12 11 13 10 11 1 0.0025
H142 21 15 19 16 15 12 14 14 17 12 30 24 12 12 13 10 11 1 0.0025
H143 23 15 22 16 19 12 14 14 19 12 30 24 12 11 13 10 11 1 0.0025
H144 23 14 18 16 19 11 14 14 19 12 30 23 12 11 14 10 11 5 0.0125

007
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H145 23 16 18 16 15 11 14 14 19 14 30 24 11 11 13 10 11 1 0.0025
H146 23 16 21 16 15 13 14 14 19 14 30 22 10 13 14 10 11 1 0.0025
H147 23 16 19 15 15 12 14 14 19 14 28 23 10 11 12 12 10 1 0.0025
H148 23 16 22 15 15 10 14 12 19 14 28 22 10 11 12 9 10 4 0.0100
H149 23 14 22 14 15 10 14 12 16 14 29 23 10 11 13 9 11 1 0.0025
H150 23 14 19 15 16 10 14 17 16 14 29 21 10 11 13 11 11 1 0.0025
H151 23 14 20 15 16 12 14 17 16 14 29 24 10 12 12 11 11 2 0.0050
H152 23 14 20 13 16 12 14 17 16 13 29 24 10 11 14 11 11 2 0.0050
H153 23 16 20 14 17 12 14 17 19 13 29 24 10 11 13 11 11 1 0.0025
H154 23 16 21 15 14 12 14 13 19 13 29 24 10 13 13 10 10 1 0.0025
H155 23 15 20 15 14 11 14 13 19 13 28 24 10 11 12 10 10 1 0.0025
H156 23 14 20 15 16 11 14 13 15 13 29 25 10 11 12 10 11 1 0.0025
H157 23 15 20 16 17 11 14 13 15 13 33 25 10 13 13 10 11 1 0.0025
H158 20 15 20 13 15 11 14 13 15 13 33 25 10 11 12 10 11 1 0.0025
H159 20 15 18 15 15 13 14 13 15 14 33 24 11 11 13 10 11 1 0.0025
H160 20 15 22 15 15 12 14 13 15 14 33 21 11 14 13 10 11 1 0.0025
H161 20 16 21 15 15 12 14 12 15 12 33 23 11 11 13 9 11 1 0.0025
H162 20 16 19 15 15 10 14 13 15 12 33 23 11 11 13 12 11 1 0.0025
H163 20 14 19 15 16 12 14 13 18 12 28 23 11 11 13 12 14 1 0.0025
H164 20 14 19 16 16 10 14 13 20 12 32 23 11 11 13 10 10 1 0.0025
H165 21 14 19 16 20 12 14 13 18 12 32 23 11 11 13 10 12 1 0.0025
H166 21 16 20 15 15 12 14 12 14 12 28 23 11 11 13 9 12 1 0.0025
H167 21 16 20 14 15 11 14 13 14 12 30 23 10 11 13 10 10 1 0.0025
H168 24 16 20 14 16 11 14 13 14 30 23 9 12 13 10 10 1 0.0025
H169 24 15 20 15 16 11 14 13 14 13 30 23 12 12 12 10 10 1 0.0025
H170 24 14 20 15 20 11 14 13 14 13 30 21 11 13 12 10 10 1 0.0025
H171 24 14 20 16 16 11 14 13 14 13 30 21 12 11 12 10 13 3 0.0075
H172 24 14 19 16 15 12 14 13 19 13 30 23 12 11 12 11 11 2 0.0050
H173 24 16 19 13 15 12 14 13 19 14 30 23 10 11 12 10 11 1 0.0025
H174 24 15 19 15 15 10 14 19 17 14 30 23 9 11 12 10 11 1 0.0025
Table 2. Contd.
L I 8 o _ = S <
2 2 2 22 2 5 2 ¢ 2 92 ¢ 28 Adde | B
I [a] [a] [a] [a] [a] > &) &) o o &) o
H175 25 15 19 15 17 12 14 13 17 14 31 23 11 11 13 10 10 1 0.0025
Hi76 25 15 19 15 20 12 14 12 19 14 33 23 11 11 13 10 11 4 0.0100
Hi77 25 14 19 15 19 12 14 13 19 14 29 23 9 11 13 10 11 1 0.0025
H178 25 14 20 15 17 12 14 13 20 14 30 23 9 11 13 12 10 1 0.0025
H179 23 14 20 15 14 12 14 13 20 14 31 24 10 11 13 10 13 1 0.0025
H180 23 15 20 15 15 10 14 13 18 14 31 24 10 11 13 10 14 1 0.0025
H181 23 15 19 15 15 12 14 13 15 14 31 24 10 11 13 9 11 1 0.0025
H182 23 14 19 15 16 12 14 16 18 14 31 24 12 11 13 9 11 1 0.0025
H183 23 16 19 15 20 11 14 17 18 14 28 24 9 11 13 10 11 1 0.0025
H184 23 16 22 15 20 13 14 17 18 14 29 24 11 11 13 10 10 1 0.0025
H185 24 16 21 15 20 14 14 13 18 14 29 24 10 11 13 10 10 1 0.0025
H186 24 14 21 15 18 12 14 13 16 14 32 24 10 11 13 10 10 1 0.0025
H187 24 14 19 15 19 14 14 13 16 14 29 24 10 11 13 10 13 1 0.0025
H188 24 14 19 15 16 12 14 13 19 14 29 24 10 11 13 10 11 1 0.0025
H189 24 14 19 15 16 11 14 13 19 14 30 24 9 11 13 10 10 5 0.0125
H190 24 14 19 15 16 13 14 13 14 14 30 24 9 11 13 11 12 1 0.0025
H191 24 14 20 15 16 10 14 16 14 14 29 24 9 11 13 11 11 1 0.0025
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H192 24 14 20 15 15 12 14 13 14 14 29 24 9 11 13 9 10 1 0.0025
H193 24 16 18 15 15 10 14 13 14 14 33 24 9 11 13 9 10 1 0.0025
H194 24 15 18 15 19 12 14 17 14 14 29 24 11 11 13 9 10 1 0.0025
H195 24 14 18 15 20 12 14 13 14 14 29 24 12 11 13 9 10 1 0.0025
H196 24 16 18 15 20 14 14 13 14 13 28 23 8 11 13 10 10 1 0.0025
H197 24 16 20 15 20 12 14 13 14 13 28 23 10 11 13 10 10 1 0.0025
H198 25 16 20 14 20 11 14 13 14 13 32 22 9 11 13 10 10 1 0.0025
H199 21 16 20 16 15 12 14 13 14 13 30 22 9 11 13 9 10 1 0.0025
H200 21 14 20 16 16 12 14 13 14 13 30 24 11 11 13 9 11 3 0.0075
H201 21 14 22 16 15 12 14 13 17 13 30 24 11 11 13 11 11 3 0.0075
H201 21 15 22 13 15 12 14 13 15 13 29 24 10 11 13 11 11 1 0.0025
H202 21 16 22 13 14 12 14 13 15 13 29 23 9 11 13 11 11 1 0.0025
H203 22 16 18 15 14 10 14 13 18 13 29 23 9 11 13 10 13 1 0.0025
H204 24 16 19 15 14 12 14 13 18 13 29 21 11 11 13 10 13 1 0.0025
H205 24 15 19 16 16 12 14 19 13 13 29 24 11 11 13 11 13 1 0.0025
H206 24 14 19 14 16 11 14 13 13 14 30 24 11 11 13 12 13 1 0.0025
H207 24 15 19 15 16 11 14 13 13 14 30 22 9 11 13 12 13 1 0.0025
H208 24 15 20 15 20 11 14 13 19 12 30 22 9 11 12 10 13 1 0.0025
H209 24 15 21 15 15 14 14 13 19 12 30 24 10 11 12 10 10 2 0.0050
H210 24 16 21 15 18 14 14 13 16 12 28 24 10 11 12 10 10 2 0.0050
H211 24 16 18 15 18 12 14 13 19 12 30 24 10 11 12 12 12 2 0.0050
H212 24 14 18 16 16 12 14 13 19 14 29 22 10 11 12 9 12 1 0.0025
H213 24 14 19 16 16 13 14 13 19 14 30 23 10 11 12 11 11 1 0.0025
H214 24 14 20 16 16 14 14 13 17 13 30 23 10 11 12 12 12 1 0.0025
H215 24 16 19 16 19 12 14 13 19 13 30 23 9 11 12 12 12 1 0.0025
H216 24 16 19 15 20 12 14 17 19 13 29 23 11 11 12 12 10 1 0.0025
H217 24 15 19 13 15 12 14 13 15 13 29 23 8 11 12 12 10 1 0.0025
H218 24 15 22 15 15 11 14 13 15 13 31 23 9 11 12 11 10 1 0.0025
H219 24 15 18 15 15 10 14 13 15 14 29 23 9 11 12 11 13 1 0.0025
H220 24 15 21 15 17 12 15 17 18 14 29 23 9 11 12 11 10 1 0.0025
H221 24 15 19 15 16 12 15 17 18 14 29 24 10 11 12 11 14 1 0.0025
H222 24 14 19 13 16 14 15 13 18 14 29 24 10 11 12 11 11 1 0.0025
H223 24 14 20 14 16 11 15 13 18 14 31 23 12 11 14 10 11 1 0.0025
H224 22 16 20 13 15 11 15 13 18 14 31 21 12 11 13 10 11 6 0.0150
H225 21 15 20 15 14 11 15 13 18 14 31 24 9 11 14 10 11 1 0.0025
H226 21 15 19 15 14 10 15 13 14 14 29 24 9 11 13 9 14 1 0.0025
H227 21 15 18 15 14 14 15 19 19 14 29 24 9 11 13 10 13 4 0.0100
H228 21 16 19 16 15 12 15 13 19 12 29 24 10 11 13 10 10 1 0.0025
H229 23 14 19 14 15 10 15 13 16 12 30 22 11 11 13 10 10 1 0.0025
H230 23 15 19 16 20 12 15 13 16 12 30 23 10 11 13 10 10 1 0.0025
H231 23 15 22 16 17 12 15 17 20 12 28 23 10 11 13 9 10 3 0.0075
Table 2. Contd.
[¢}]
S [o0) E © o = ™
S v ~ 0 © o ro) 0 o o o d N < [32)
528 3 I 2 25 288 B8 822 2890 3 N F
IS¢ 9 99 x5 2 8¢ 38§00 88 Az,
o o o o > a a [a) [a) [a) [a)] [a)] 0O o
H232 21 16 20 15 17 12 15 17 16 13 29 23 9 11 12 12 11 2 0.0050
H233 21 16 19 16 16 12 15 13 16 13 29 23 9 14 12 12 10 1 0.0025
H234 25 14 19 15 16 11 15 13 16 12 29 23 8 14 12 10 11 1 0.0025
H235 25 16 19 14 16 11 15 13 16 12 29 24 8 13 12 10 11 1 0.0025
H236 25 16 22 14 15 14 15 13 16 12 29 23 9 11 13 10 13 1 0.0025
H237 25 14 19 13 15 13 15 13 16 13 29 23 9 13 13 9 14 1 0.0025
H238 21 14 18 15 15 13 15 13 16 12 29 23 9 13 13 11 10 1 0.0025
H239 21 15 18 15 20 12 15 13 13 14 29 23 10 11 13 11 10 3 0.0075
H240 22 16 18 16 20 12 15 12 13 13 29 23 10 11 14 11 10 1 0.0025
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0.0075
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0.0025
0.0025
0.0025
0.0025
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0.0025
0.0025
0.0025
0.0050
0.0050
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0025
0.0075
0.0025
0.0025
0.0025
0.0025
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H289 21 15 20 15 14 12 16 13 16 12 28 21 11 14 13 9 10 1 0.0025
H290 21 15 20 15 20 12 17 13 16 13 28 24 12 11 13 12 13 1 0.0025
H291 22 15 19 15 19 12 13 13 18 12 30 24 8 13 13 9 13 1 0.0025
H292 22 14 19 15 16 12 13 17 16 12 28 21 9 12 13 9 10 1 0.0025
H293 24 14 19 13 15 12 13 17 15 14 29 25 10 12 14 9 12 4 0.0100
H294 24 16 19 14 15 10 13 12 18 12 31 22 9 11 14 9 10 1 0.0025
H295 23 16 19 16 15 14 13 13 13 14 30 23 11 11 12 10 10 1 0.0025
H296 23 14 19 16 19 10 16 13 14 14 33 23 10 11 13 12 10 4 0.0100
H297 20 14 22 16 20 10 14 13 18 14 28 23 8 12 13 11 10 1 0.0025
H298 23 14 18 17 16 10 14 19 18 12 31 23 9 13 13 10 10 1 0.0025
H299 23 15 18 14 16 13 14 16 18 13 29 23 9 13 12 10 13 1 0.0025
H300 23 15 20 17 16 12 14 17 16 13 30 24 9 14 14 10 13 1 0.0025
H301 24 14 20 14 16 11 14 12 16 14 30 22 9 12 14 10 11 1 0.0025
H302 21 14 19 17 16 14 14 11 16 13 28 21 10 11 14 10 11 1 0.0025
H303 24 14 18 13 17 12 14 13 13 12 29 24 10 12 12 12 11 1 0.0025
H304 24 14 22 15 17 14 15 13 15 12 32 24 10 13 12 11 12 1 0.0025
H305 24 16 22 15 19 12 13 13 16 12 28 24 12 11 12 9 10 1 0.0025
H306 21 16 19 17 14 14 13 16 16 13 31 24 11 11 14 9 10 1 0.0025
H307 22 16 19 15 14 12 15 13 20 13 33 24 12 13 13 10 13 1 0.0025
H308 24 16 18 15 15 12 13 11 17 13 28 24 8 12 13 12 13 1 0.0025
H309 24 16 20 16 15 10 13 16 13 15 29 24 11 14 13 9 13 1 0.0025
H310 24 14 20 15 15 12 15 18 15 15 29 21 38 11 13 9 11 1 0.0025
H311 23 14 20 15 17 11 13 18 13 13 33 23 11 13 14 9 11 1 0.0025
H312 23 15 20 17 17 11 14 13 15 13 30 22 10 11 14 10 10 1 0.0025
H313 23 14 22 15 16 11 14 11 15 12 29 22 12 14 13 11 10 1 0.0025
H314 20 14 22 14 16 14 14 16 16 14 28 21 12 11 12 12 10 1 0.0025
H315 21 14 18 15 20 10 14 19 20 12 32 23 11 11 12 11 10 2 0.0050
H316 21 16 19 17 19 13 14 17 20 15 29 24 10 11 14 9 13 1 0.0025
H317 21 15 20 15 14 14 14 12 20 13 28 24 8 11 13 10 11 1 0.0025

N: Number of males observed for each haplotype. F: frequency of each haplotype in the sample of 105 males.

use this 17 STR loci as a vital tool for forensic

identification and paternity testing.
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