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Abstract

The developments in forensic DNA technology have led us to perform this study
in Iraqi population as reference database of autosomal Short Tandem Repeat (aSTR)
DNA markers . A total of 120 unrelated individuals from Wasit province were
analyzed at 15 STR DNA markers. Allele frequencies of DNA typing loci included
in the AmpFISTR1 IdentifilerTM PCR Amplification Kit panel from Applied
Biosystems (D3S1358, VWA, FGA, D8S1179, D21S11, D18S51, D5S818,
D13S317, D7S820, THO1, TPOX, CSF1PO, D19S433, D2S1338, D16S539) and
several forensic efficiency statistical parameters were estimated from all the sample.
the combined Matching Probability (CMP) using the 15 STR genetic loci in Iraqi
population was estimated at 1 in 2.08286E-18 and the Combined Discrimination
Power (CDP) was greater than 0.9999999 ,Combined Exclusion Probability (CEP)
was 0.98350917 which should be sufficient for the identification of any individual.
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Introduction

Wasit province is located in the center of Irag. City of Kut its capital and it is 172 km away from
the capital Baghdad. It has international border with Iran to the East, thus Wasit province enjoys a
strategic geographic proximity to most of central and southern Provinces and the capital Baghdad
figurel. The samples of this study limited only from this province. For DNA typing loci, the
commercial kit was used (AmpFISTR1 Identifile™ PCR Amplification Kit) which include the 13
DNA markers that Federal Bureau of Investigation (FBI) has recommended the forensic labs to use it,
known as Combined DNA ldentification System (CODIS13), as the loci of choice for forensic use.
This recommendation has been accepted by forensic laboratories all over the world, thus the DNA
typing can be compared to each other [1, 2].

Short tandem repeat (STR) genetic loci are highly polymorphic repeat sequences, Their importance
rises from the fact that are the most informative genetic markers providing high statistical capability of
discrimination and individualization in various forensic and judicial settings [3], Their polymorphic
nature in human identification is widely acknowledged and documented because of extensive medical
and ethnogenetic research that was prompted by various research communities worldwide [4]. Our
presented study was performed to establish a genetic database of the wasit Iraqi population for
forensic and paternity testing purposes.
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Figure 1- Map of Iraq (source: One World - Nations Online all- countries of the world)

Materials and methods

Population: Buccal swabs were collected by oral stick (Sterile Omni Swab or Sterile Foam Tipped
Swabs, Whatman International Ltd., Maidstone, UK) from 120 healthy, randomly chosen from wasit
Iragi Population; samples contained both genders (male & female).

DNA extraction: DNA extraction Samples were extracted using a PrepFiler Forensic DNA
Extraction Kit (Applied Biosystems, Foster City, CA, for more specificity DNA concentration
measured by real time PCR specific gene detection ( stander curve Taq man technique ) with the
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commercial kit (Quntifiler ® Human DNA quantification kit) in 7500 Fast Real-Time PCR System
and 7500 SDS software.

PCR amplification and DNA Typing: Fifteen autosomal STR markers (the 13 CODIS core loci and
D19S433 and D2S1338) were typed along with amelogenin using the Applied Biosystems
AmpFiSTR® Identifiler™ kit (3) 1+2 ng of target DNA following the protocols described in the
User's Manual (applyed Biosystems). The samples were amplified by using (verity PCR System)
(applyed Biosystems).

Amplification products were diluted with factor 1:15 in Hi- Di™ formamide and GS500-L1Z
internal size standard (Applied Biosystems) and analyzed on the 16-capillary 3130XL Genetic
Analyzer. POP™-4 (Applied Biosystems) was utilized for higher resolution separations on a 36 cm
array. Data collection: was performed with Data Collection v. 2.0 software (Applied Biosystems,
Foster City, CA, USA) and samples were analyzed by GeneMapper v. 3.2 software (Applied
Biosystems, Foster City, CA, USA). All data Statistically Analysed depended on Hardy—Weinberg
principle expectations at each locus, evaluation include: Allele frequencies, power of discrimination
(PD), power of exclusion (PE), polymorphism information content (P1C), match probability (MP) and
typical paternity index (TPI) were calculated using for each locus of the studied population.

Result and Discussion

The purpose of Quantifiler® Duo DNA Quantification Kit is designed to quantify the total
amount of amplifiable human DNA in a sample. The results obtained using the kit can aid in
determining: If the sample contains sufficient human DNA to proceed with short tandem repeat (STR)
analysis, The concentration of sample to use in STR analysis applications(quantities of DNA in a
sample), If PCR inhibitors are present in a sample that may require additional purification before
proceeding to STR analysis[4].The range of DNA samples concentrations using Tagman technique
real time PCR are (5 -40 ng/ul) .Using stander curve methods to find the unknown values of samples
by compare between knowing and unknowns values [5] in figure-2.
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Figure 2- A- amplification plot of 3 unknown samples concentrations compare with positive DNA sample from
the commercial kit (Quntifiler ® Human DNA quantification kit) on the standard curve(B).

Allele frequencies and statistical evaluations tests performed to determine the suitability of markers
for forensic and paternity studies of the 15 autosomal STR loci[6].The samples analyzed from120
wasit-lraqgi population and the highest allele frequency were observed with allele 8 for TPOX locus
(0.538) Table-1, this result match with the previous studies on Iragi population [7,8]. But also this
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allele considered to be the predominant allele in Arab population [6, 9, 10] it cannot represent one of
the Iragi population specificity feature. Our presented study shared most of the result with previous
studies with regard to the most common allele Table-3 , minor differences in sequence of the alleles
frequency may be back to the size of the data , which means more increase in number of samples
,the database will be more representative [11]. Previously unobserved alleles were detected in our
study database; sixteen new alleles at 15 STR DNA markers were detected. These additional alleles
ranged from one new allele at D21S11 to 7 new alleles at FGA locus Table-4. Of course, whenever
there is expansion on the database there will be revealing a new, more allele [12] and may be this new
alleles revealed in this study because its sampled mainly from southern local region (Wasit) compared
with previous studies [7, 8]from central and southern Irag provinces and mainly constituted by Diyala
province.

According to Hardy-Weinberg equilibrium (HWE) observed heterozygosity (HO) genotype
frequencies and expected heterozygosity (HE) was detected in all 15 markers Table-2, the highest
heterozygosity is observed for D21S11 (86.67%) whereas the smallest heterozygosity value is
obtained for TPOX (65.00%). The high level of heterozygosity for fifteen STR loci which were
genotyped in this study indicated that these loci could be used in determination of individual
identification [12]. STR markers show high Power of Discrimination ranged from (PD>0.82) (TPOX)
to (PD>0.972) (D2S1338 and D18S51). Power of Exclusion (PE) value is over (0.50) except D351358
with PD (0.412) and TPOX with PD (0.418).

Polymorphic Information Content (PIC) for all the fifteen STR loci showed a high degree of PIC
values shown in Table-2 all STR loci over 0.50 could be considered as highly polymorphic [14].
Allele frequencies were calculate and Hardy-Weinberg Equilibrium was assessed by means of Chi-
square (x2) test Table-2 and after employing modified Bonferroni correction (test was used to confirm
significant differences found in the comparative analysis) the level of significance P value of all 15
loci match with HWE expectations (P > 0.05 ) except the loci : D13S317(0.017) , D18S51 (0.001)
and FGA(0.001).

The combined Matching Probability (CMP) using the 15 STR genetic loci in wasit-lraqi population
was estimated at 1 in 2.08286E-18 and hence the Combined Discrimination Power (CDP) was greater
than 0.9999999 which should be sufficient for the identification of any individual [12]. Combined
Exclusion Probability (CEP) value for the fifteen loci was also calculated at greater than 0.98350917.
These results strongly support the application of this set of genetic markers for personal identity and
paternity testing [13].
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Table 1- Allele frequencies of 15 STR loci in the wasit- Iraqgi population

Allele | D8S1179 | D21S11 | D7S820 | CSF1PO | D3S1358 | THO1 | D13S317 D16S539

6 0.263

0.013 0.004 0.183

7
8 0.004 0.188 0.004 0.125 0.138 0.038
9 0.008 0.104 0.025 0.271 0.067 0.092

9.3 0.125

10 0.071 0.304 0.263 0.033 0.108 0.100

11 0.088 0.242 0.375 0.271 0.388

12 0.096 0.129 0.263 0.333 0.242

12.2

13 0.279 0.021 0.063 0.058 0.125

13.2

14 0.175 0.004 0.083 0.021 0.017

14.2

15 0.204 0.238 0.004

15.2

16 0.067 0.288

17 0.008 0.254

18 0.121

19 0.013

20 0.004

27 0.013

28 0.158

29 0.250

30 0.183

30.2 0.008

31 0.038

31.2 0.138

32.2 0.133

33.2 0.075

36 0.004
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Table 1 continued:

Allele | D2S1338 | D19S433 VWA TPOX D18S51 D5S818 FGA
6 0.008
7 0.004
8 0.538 0.008
9 0.113 0.004 0.058
9.2
10 0.071 0.004 0.104
10.2 0.004
11 0.004 0.242 0.021 0.275
12 0.083 0.025 0.108 0.358
12.2
13 0.213 0.004 0.196 0.175
13.2 0.025
14 0.258 0.096 0.158 0.017
14.2 0.029
15 0.175 0.146 0.150 0.004
15.2 0.100
16 0.050 0.058 0.221 0.092
16.2 0.029 0.004
17 0.146 0.025 0.254 0.092
17.2 0.004
18 0.129 0.204 0.058
18.2 0.004
19 0.125 0.058 0.071 0.050
19.2 0.004
20 0.167 0.017 0.021 0.125
20.2 0.004
21 0.029 0.008 0.133
21.2 0.004
22 0.050 0.196
22.2 0.008
23 0.138 0.129
24 0.121 0.004 0.221
25 0.038 0.075
26 0.008 0.038
28 0.004
29 0.004
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Table 2- Forensic statistical parameters for each of 15 autosomal STR loci (the 13 CODIS core loci and

D19S433 and D2S1338) in 120wasit- Iragi population:

Locus MP PD PIC PE TPI PIE X2 P-value HO HE
D8S1179 | 0.054 | 0.946 0.801 0.600 2.857 2.830 27.52 0.543 82.50% | 82.33%
D21S11 | 0.048 | 0.952 0.814 0.676 3.750 3.028 37.90 0.152 86.67% | 83.49%
D7S820 | 0.078 | 0.922 0.754 0.495 2.069 2.334 25.60 0.222 75.83% | 78.58%
CSF1PO | 0.131 | 0.869 0.666 0.450 1.818 1.767 7.73 0.861 72.50% | 71.70%
D3S1358 | 0.087 | 0.913 0.738 0.439 1.765 2.218 14.79 0.610 71.67% | 77.46%
THO1 0.075 | 0.925 0.760 0.379 1.500 2.401 23.35 0.178 66.67% | 79.18%
D13S317 | 0.082 | 0.918 0.745 0.532 2.308 2.238 35.55 0.017 78.33% | 77.66%
D16S539 | 0.093 | 0.907 0.722 0.483 2.000 2.047 46.86 0.002 75.00% | 75.57%
D2S1338 | 0.028 | 0.972 0.865 0.629 3.158 4.092 30.37 0.971 84.17% | 87.78%
D19S433 | 0.047 | 0.953 0.814 0.585 2.727 3.015 27.01 0.860 81.67% | 83.42%
VWA 0.063 | 0.937 0.784 0.532 2.308 2.643 12.54 0.973 78.33% | 81.08%
TPOX 0.180 | 0.820 0.588 0.360 1.429 1.367 15.24 0.292 65.00% | 63.43%
D18S51 | 0.028 | 0.972 0.864 0.545 2.400 4.035 83.42 0.001 79.17% | 87.61%
D5S818 | 0.101 | 0.899 0.712 0.483 2.000 2.006 17.83 0.467 75.00% | 75.07%
FGA 0.038 | 0.962 0.836 0.629 3.158 3.403 67.25 0.001 84.17% | 85.31%

Total Alleles of each locus= 240

CMP 2.08286E-18
CDhP 0.9999999
CEP 0.98350917

Combined Matching Probability (CMP)

Combined Discrimination Power (CDP)
Combined Exclusion Probability (CEP)

Matching Probability (MP), Power of Discrimination (PD), Polymorphism Information Content (PIC),Chi
square (X2) ,Power of Exclusion (PE), Typical Paternity Index (TPI), Paternity Index Expected (PIE),
Observed Heterozygosity(HO),Expected Heterozygosity(HE)

Table 3- Comparison between our studies and previously published studies include the three most common
allele and frequencies at each 15 STR loci:

15STR Allele &allele frequencies from Allele &allele frequencies from Allele &allele frequencies
loci our Study (Salwa J. et al.,2014). from (Barni F. et al.,2007)
# sample=280 # sample=278 # sample=206
D8S1179 | 13(0.279),15(0.204),14(0.175) 13(0.295),14(.0212)15(0.158) 15(0.218),13(0.213),14(0.140)
D21S11 | 30(0.183),28(0.158),31.2(0.138) | 30(0.259),29(0.241),28(0.133) 0(0.242),29(0.222),32.2(0.148)
D7S820 | 10(0.304),11(0.241),8(0.188) 11(0.255),10(0.248),8(0.180) 10(0.331),11(0.207),8(0.188)
CSF1PO | 11(0.343),10 &11 (0.263) 12(0.317),11(0.255),10(0.259) 12(0.328),11(0.284),10(0.264)
D3S1358 | 16(0.288),17(0.254),15(0.238) 16(0.266),17(0.255),15(252) 17(0.364),16(0.237),15(0.228)
THO1 9(0.271),6(0.263),7(0.183) 6(0.295),9(0.273),7(0151) 6(0.305), 9(0.237),7(0.169)
D13S317 | 12(0333),11(0.271),8(0.138) 12(0.342),11(0259),8(0.140) 12(0.344),8(0.233),11(0.223)
D16S539 | 11(0.388),12(0.242),13(0.125) 11(0.302),9(0.209),12(0.194) 11(0.354),12(0.291),9(0.135)
D2S1338 | 20(0.167),17(0.146),23(0.138) 19(0.187),20(162),23(0.147) 17(0.223),20(0.179),23(0.131)
D195S433 | 13(0.213),14(0.258),15(0.175) 13(0.255)14(0.104),15(0.137) 14(0.228),15(0.218),13(0.184)
Vwa 17(0.254),16(0.221),18(0.204) 17(0.248),16(0.223),18(0.194) 16(0.320),18(0.228),17(0.218
TPOX 8(0.538),11(0.242),9(0.113) 8(0.486),11(0.248)10(0.199) 8(0.543),11(0.242),10(0.106)
D18S51 | 13(0.196),14(0.158),15(0.150) 13(0.194)14(0.173),15(0.155) 14(0.201),13(0.176),12(0.147)
D5S818 | 12 (0.358),11(104),13(0.215) 12(0.367),11(0.277),13(0.198) 12(0.349),11(0.320),13(0.203)
FGA 24(0.221),22(0.196),21(0.133) 21(0.191)24(0.187),22,24,24.2(0.140) | 24(0.208),23(0.199),21(0.165)
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Table 4- The new alleles in Iraqi Database

STR Markers Allele # of Observations Frequency
D8S1179 - - -
D21S11 36 1 0.004
D7S820 - - -
CSF1PO 7 1 0.004
D3S1358 - -

THO1 - - -
D13S317 15 1 0.004
D165539 - - -
D2S1338 - - -
D195433 - - -
Vwa 13 1 0.004
TPOX 7 1 0.004
9 1 0.004
D18S51 10.2 1 0.004
18.2 1 0.004
D5S818 15 1 0.004
17.2 1 0.004
19.2 1 0.004
20.2 1 0.004
FGA 21.2 1 0.004
22.2 2 0.008
28 1 0.004
29 1 0.004
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