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Abstract  

The analysis of DNA sequences plays a critical role in genetic research, but challenges persist in attaining 

high precision with mixed sequences. This study aims to evaluate the efficiency of the Mixed Sequence 

Analysis application in analyzing DNA sequences with heterozygous base calling as well as manual analysis. 

DNA was extracted from 31 unrelated Iraqi individuals, and D13S317 is one specific STR locus that is 

highly variable among individuals and was amplified. The mixed sequence was then analyzed using the 

Mixed Sequence Analysis tool, complemented by manual chromatogram interpretation. The most frequent 

allele detected was TATC 12 (52.27%), followed by TATC 9 (20.45%). The least frequent allele was 

TATC10, which was 4.55%; also, different alleles were detected with high variability. The analysis revealed 

that while the application was beneficial, there were challenges in distinctive variations at the base level due 

to noise in the chromatogram. Despite its limitations, this research highlights the importance of developing 

accurate sequencing analysis techniques, particularly in situations where other methods are unavailable. 
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Introduction  

Short Tandem Repeats (STRs) are repeating 

sequences of 2-6 base pairs of DNA that are 

broadly spread across the human genome. 

These loci are extremely polymorphic, since 

they exhibit a high degree of difference in 

their number of repeats among individuals, 

making them valuable tools for genetic 

analysis. STRs are widely used in paternity 

testing, genetic mapping, forensic science, 

and anthropological studies due to their 

consistency, ease of analysis, and presence in 

non-coding regions of the genome, which 

guarantees that they do not impact 

phenotypic traits [1]. This large diversity can 

be utilized to help disambiguate population 

structure or to infer historical human 

migration [2].   

D13S317 is one specific STR locus, located 

on chromosome 13, that is part of the set of 

loci commonly analyzed in forensic DNA 

profiling. D13S317 is a highly polymorphic 

marker that involves a repeating sequence of 

4 base pairs (TATC) [3]. The number of 

repeats at this locus can differ significantly 

between individuals, making it an 

exceptional marker for identifying genetic 

alterations [4;5]. The inclusion of D13S317 

in forensic panels helps in providing a more 

consistent and precise genetic profile, mainly 

when analyzing complex mixtures of DNA 

samples. 

The D13S317 locus has also been studied in 

the context of population genetics, where its 

variation is used to evaluate genetic diversity 

among different populations. Furthermore, 

the D13S317 marker is one of the many loci 

examined in the widely used CODIS 

(Combined DNA Index System) database, 

which assists law enforcement agencies in 

comparing and matching DNA samples from 

crime scenes with identified individuals [1].  

Mixed DNA samples, containing genetic 

material from multiple donors, pose 

significant challenges in genetic analysis, 

particularly when using Sanger sequencing. 
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In such mixtures, heterozygous loci often 

produce overlapping peaks in 

chromatograms, which complicates accurate 

allele interpretation and individual DNA 

profile resolution. This complication is 

especially relevant in forensic science, 

clinical diagnostics, and microbiological 

studies, where accurate DNA identification is 

critical. 

A free web-based program named Mixed 

Sequence Reader (MSR) 

(http://msr.cs.nthu.edu.tw/), designed to 

analyze DNA sequences from heterozygous 

base-calling fluorescence chromatograms, 

typically in .abi file format [6]. MSR 

compares these sequences with reference 

data to identify variations such as indels, 

SNPs, and STRs. It can physically discover 

indels and STRs and also predict 

microsatellite patterns. This study explores 

whether the Mixed Sequence Reader (MSR) 

software can precisely resolve mixed STR 

alleles in the D13S317 locus of Iraqi 

individuals. 

Methods  

Sample Collection and DNA Isolation  

A total of 31 blood samples were collected 

from unrelated Iraqi individuals. Genomic 

DNA was isolated from the whole blood 

using a commercial DNA extraction kit 

(Genaid, Taiwan) according to the 

manufacturer’s instructions. 

PCR Amplification of the D13S317 

Flanking Region 

The D13S317 flanking region was amplified 

using the following primers [7]: Forward (F): 

GGGTTGCTGGACATGGTATC; Reverse 

(R): TCCGAGGTTCTCTTCCTGTG 

PCR was achieved in a thermal cycler 

(Applied Biosystem, US) in a total volume of 

25 µL containing: 12.5 µL from 10X PCR 

GoTaq Green master mix (Promega, USA), 1 

µL (10 pmol)of each primer, and 2 µL 

genomic DNA; the volume was completed 

with D.D. water. The PCR amplification was 

achieved under the following conditions: 

http://msr.cs.nthu.edu.tw/
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initial denaturation at 95°C for 5 minutes, 

followed by 35 cycles of denaturation at 95°C 

for 30 seconds, annealing at 58°C for 30 

seconds, and extension at 72°C for 1 minute. 

A final extension step was carried out at 72°C 

for 7 minutes. 

DNA sequencing 

Sequencing of the PCR-amplified 

D13S317 region was done using the Sanger 

method at an expert genomic facility in South 

Korea. The purified PCR products were 

exposed to cycle sequencing using the 

BigDye Terminator v3.1 Cycle Sequencing 

Kit (Applied Biosystems), and the 

sequencing was achieved on an ABI 3500 

Genetic Analyzer.  

Sequences interpretation  

The resulting chromatogram files, provided 

in .abi format, were analyzed using the MSR 

software to identify genomic variations like 

indels and microsatellite repeats. MSR aligns 

sequences with reference data to identify 

variation positions, ensuring accurate 

identification even for ambiguous 

chromatogram traces. The Mixed Sequence 

Reader (MSR) software was used with 

default parameters for sequence alignment 

and analysis. The GRCh37/hg19 human 

genome assembly in FASTA format and 

uploaded as the reference file within the MSR 

platform was used as the reference sequence 

for the D13S317 locus. The chromatogram 

files (.abi) created from Sanger sequencing 

were aligned against this reference to 

recognize the number and structure of TATC 

repeats.  

The MSR software was configured with the 

following cutoff settings: 

- Minimum STR repeat length: 4 bp 

- Mismatch tolerance: 2 bases 

- Signal threshold for base calling: 20% 

above background 

- IUPAC ambiguity codes were used to 

distinguish overlapping heterozygous peaks 

Manual curation of each sample’s sequence 

alignment was achieved in parallel to confirm 
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repeat number and structure. 

Results 

The amplified D13S317 flanking region from 

31 blood samples is shown in Figure 1, and 

the PCR products were analyzed using the 

Mixed Sequencer Reader (MSR) software, 

accompanied by manual analysis. The 

analysis exposed mixed short tandem repeat 

(STR) sequences (Figure 2a), which were 

analyzed to determine the repeat number and 

frequency (Figure 2b). 

 

Figure 1: The electrophoresis image shows separate bands for samples 2-7, with a 603 bp PCR 

product for the D13S317 region. Lane 1 is 100 bp ladder for size reference. Lane 8 shows a shorter 

allele, representing a different PCR product size compared to the others.  

In this study, the mixed chromatograms from 

the direct sequencing of the D13S317 region 

were analyzed, indicating two different 

alleles with a heterozygous genotype. Using 

manual aids and MSR software, the sequence 

data were compared to the GRCh37 

reference, identifying variations in the 

number of TATC repeats and confirming the 

allele lengths, therefore providing insights 

into the genetic variation at this microsatellite 

locus.
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Figure 2: a. The direct sequencing of the D13S317 region displayed a mixed chromatogram, 

representing a heterozygous genotype with two different alleles (TATC8 and TATC12) present in the 

sample. 

 

 

 

Figure 2: b. Seq1 has 8 TATC repeats, while Seq2 has 12 TATC repeats, resulting in a difference in 

length between the two sequences. IUPAC symbols represent overlapped traces.  

 

 

The frequencies of the D13S317 alleles in the 

studied Iraqi population are presented in 

Table 1. The 12-repeat allele was the most 

frequent, appearing 23 times (52.27%), 

followed by the 9-repeat allele (9 times, 

20.45%). The less common alleles 8-repeat, 

11-repeat, and 10-repeat, were observed with 

frequencies of 4, 3, and 2, respectively. The 

repeats arrangement is also demonstrated. 
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Table 1: The alleles, which were read and analyzed with maximal accuracy using the mixed sequence 

reader software, are detailed in the table below, attended by the particular allele frequencies or 

counts. Alleles exhibiting inadequate clarity were excluded from the analysis. 

Repeat Number Frequency Structure  

TATC 8 4 (9.09%) (TATC)8 (AATC)2 (ATCT)3 

TATC 9 9 (20.45%) 

(TATC)9 (AATC) (ATCT)3 

(TATC)9 (AATC)2 (ATCT)3 

TATC 10 2 (4.55%) (TATC)10 (AATC) (ATCT)3 

TATC 11 3 (6.82%) (TATC)11 (AATC)2 (ATCT)3 

TATC 12 23 (52.27%) 

(TATC)12 (AATC) (ATCT)2 

(TATC)12 (AATC)2 (ATCT)3 

(TATC)12 (AATC) (ATCT)4 

TATC 13 3 (6.82%) (TATC)13 (AATC)2 (ATCT)3 

Total alleles no. 44  

 

Discussion 

The D13S317 locus is a valuable marker in 

forensic genetics, used for both individual 

identification and population genetic studies. 

In the current study, the allele distribution 

noticed in the Iraqi population was consistent 

with common alleles seen in other 

populations, but also established some 

unique characteristics. The D13S317 locus 

showed a drop-out phenotype in critical cases 

due to variation in primer sites, so this 

indicates its instability [8].  
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The most frequent allele in this study was the 

12-repeat allele, which was observed 23 

times. This is equivalent to previous Iraqi 

study results [9] and in other populations, 

where the 12-repeat allele is frequently seen, 

suggesting a common allele in global genetic 

diversity [10], unlike Chinese population 

alleles, among them, the 8-repeat allele was 

the most frequent [11]. Our results 

demonstrate different TATC motifs 

arrangements especially the 12-repeat allele 

from other populations’ alleles [12].  

The combination of MSR software and 

manual analysis was helpful in ensuring the 

precision of the results. The method used in 

this study reflects the importance of 

developing strong analytical skills to make 

the best use of available resources [13]. This 

approach can serve as a model for other 

populations with similar resource 

limitations.  It was found that the structure of 

Iraqi D13S317 STR alleles matched to the 

repeat context earlier published by [14] with 

minor differences.  Our study follows the 

guiding principle for high-quality genetic 

data reporting [15]. By providing that clear 

allele frequencies and methods for the Iraqi 

D13S317 locus, we ensure reliable and 

reproducible outcomes that support forensic 

and population genetics applications. 

Conclusion  

This study offers different and population-

specific insights into the sequence structure 

of the D13S317 locus among Iraqis, 

contributing to the growing body of forensic 

and population genetic data. The observed 

inconsistency in motif arrangements, 

particularly within alleles of identical length, 

underscores the limitations of length-based 

STR typing and highlights the need for 

sequence-based methods in certain forensic 

contexts. The successful incorporation of 

MSR software with manual interpretation 

reveals a practical and cost-effective strategy 

for sequence analysis in resource-limited 

settings. These results are not only valuable 
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for improving the accuracy of forensic DNA 

profiling and kinship examination in the Iraqi 

population but also contribute to larger 

comparative genomic studies across various 

populations. 
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لدى   (STR) لتحليل وتحديد بنية التكرارات القصيرة D13S317 التسلسل المباشر لمنطقة

 العراقيين

 المياح  دراج ميسون خضير

 قسم تقنيات المختبرات الطبية،

 كلية التقنيات الصحية والطبية، الجامعة التقنية الجنوبية

 الملخص 

ا ور ايبحاإ الورالية، ات لان التحقيات ت ت اح قا مة ور تحقي  دقة  الية   ا يااللللما يلعب تحليل تسلللللسللللل الحم  النووح دورا

خاصلة  نق ووود تسللسلمت مختلطةه ت قذ  ال القراالة الي تقييم ك اطب تطبي  تحليل التسللسلمت المختلطة ور تحليل تسللسلمت 

ق متغايرب ال يجوت، بالإضلللاوة الي التحليل اليقوحه تم االللتخمض الحم  النووح م  الحم  النووح التر تحتوح  لي قوا 

المتغيرب بشلل ل كبير بي   STR ، و ر ايقى مناط D13S317 ، وتم تضللخيم منطقةت تربط م صلللة قرابةورداا  راقياا   31

ايوراده تم تحليل التسللللسلللل المختلخ باالللتخقال لاداب تحليل التسللللسلللمت المختلطة، بالإضلللاوة الي الت سلللير اليقوح للمخطخ 

ا  و بنسللللبلة   TATC 9 %(، يليل 27ه52بنسللللبلة   TATC 12 ال روملاتورراوره لاه رت النتلا أ لان لاك ر ايليمت ت رارا

ا  و45ه20  %(ه كما تم ال شللع    لاليمت مختل ة بقروة  الية م  55ه4بنسللبة   TATC10 %(ه وكان لاقل ايليمت ت رارا

التباي ه كشللللع التحليل لال   لي الررم م  وا قب التطبي ، ات لان  ناد تحقيات ور التميي  بي  اتختموات الققيقة  لي مسللللتوى  

له و لي الررم م   ال التحقيات، تسلللخ القرااللة الضللوط  لي لا مية تطوير تقنيات  ور ال روماتوررا تشللوي القوا ق لتيجة ال

ا ور الحاتت التر ت تتوور وي ا طرق لاخرى  .تحليل تسلسلر دقيقة، خصوصا

 ، تسلسل الحم  النووحD13S317 ، منطقةSTR التنوع الجينر، الت رارات القصيرب :الكلمات المفتاحية


