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SCIENTIFIC PRIZE LECTURES 
 
Forty years of forensic ancestry analysis 
Chris Philips 
University of Santiago de Compostela 
 
Although there is a widely held view that forensic ancestry analysis from DNA is a 
recently developed technique, it has been applied by the author to police investigations 
in one form or another since the early eighties, when population-informative single 
nucleotide polymorphisms (SNPs) were detected as red blood cell protein isoforms. 
Since this early use of ancestry analysis, mitochondrial DNA and Y chromosome variation 
have provided often highly specific information about an individual’s likely geographic 
origins, but this talk will focus on autosomal SNPs and the enhancements to forensic 
genotyping tests that have come with the evolution of capillary electrophoresis and 
massively parallel sequencing. The pros and cons of different ancestry SNP panels are 
illustrated with examples of criminal casework, missing persons ID and population 
studies undertaken over the years by the author. Lastly, there is a look to the future 
with a brief overview of a completely new type of ancestry SNP marker the author is 
developing. 

 
 
 
What does it mean to be related? 
Thore Egeland 
Norwegian University of Environmental and Life Sciences 
 
The question in the title is surprisingly subtle. I will address the more precise version 
What does it mean to be genetically related? It is reasonable to state that two 
individuals are related if they can share alleles from a common ancestor. The emphasis 
on can share is essential. For instance, 5th - cousins do not share alleles IBD (identical 
by descent) in most cases. Alternatively, we can consider a genomic definition typically 
used in for instance investigative genetic genealogy: individuals are related if they share 
alleles IBD. The distinction between the latter definition based on realized relatedness 
and the former pedigree-based version traditionally used in forensics, is important for 
practical case work as exemplified in the talk. 
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KEYNOTE SPEAKERS 
 
Genetic record matching: A population-genetic method for statistically linking genetic 
profiles that possess no shared loci 
Noah Rosenberg 
Stanford University 
 
This talk will describe genetic record matching, a technique by which matches can 
be sought between genetic profiles that possess no loci shared in common — such as 
between a SNP profile and profiles in an STR database, or between an STR profile and 
profiles in a SNP database. The method relies on the existence of statistical associations, 
or linkage disequilibrium, between neighboring genetic markers, and on the potential 
for using linkage disequilibrium to probabilistically impute alleles of a locus from the 
alleles of neighboring loci. The talk will describe the rationale for the method, present 
recent results, and discuss forensic and privacy implications. 

 
 
 
Close encounters of various kinds: Developments in forensic DNA science and the law 
David Kaye 
Pennsylvania State University 
 
This talk will explore part of the interface between forensic genetics and the law. It 
will describe recent legal developments in the United States regarding (or potentially 
affecting) the use of DNA tests for identity or kinship. Particular topics will include 
some of the following issues or developments: the most recent significant judicial 
opinions on the admissibility of the output of “probabilistic genotyping software”; 
arguments over the need for open-source software; the role of DNA standards from 
voluntary consensus bodies or expert groups; judicial reliance on the PCAST and NIST 
reports to evaluate general scientific acceptance or validity of forensic DNA methods; 
difficulties in courtroom explanations of DNA test results; the regulation of forensic 
genetic genealogy; the legal authority for kinship trawling of law-enforcement DNA 
databases (“familial searching”); massively parallel sequencing to distinguish between 
monozygotic twins; probabilities and likelihood ratios in parentage cases; and species 
determination though DNA sequence alignment in wildlife forensics. 
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DNA transfer: Shall we answer the question? 
Tacha Hicks 
University of Lausanne 
 
DNA scientists are often asked in court whether the DNA was directly or indirectly 
transferred. However, based on DNA results only, one cannot answer this question. 
Acknowledging that the DNA results are more expected if the transfer was direct, 
but that it is not possible to exclude the possibility of indirect transfer is not a good 
alternative. Indeed, with no weight attached to the findings, the court is left with no 
guidance on the meaning of the results.In this presentation, we will explore if, when and 
how DNA scientists can help the court when the issues revolve around DNA transfer. We 
will discuss a logical framework that allows DNA scientists to provide useful guidance 
to the court. Examples of evaluation and reporting will illustrate how we can help the 
court answer the question of DNA transfer in a given case. 

 

 
Investigative genetic genealogy: The past, present and future 
Debbie Kennett 
University College London 
 
The arrest of Joseph De Angelo as the suspected Golden State Killer in April 2018 brought the use 
of genetic genealogy to the world’s attention. Since then genetic genealogy has been used to 
generate investigative leads in over 300 cold cases and some active investigations, helping to bring 
closure to victims and making society a safer place. But it has sparked a fierce debate about 
whether the end justifies the means with concerns raised about privacy, ethics and informed 
consent. The technology has advanced faster than our ability to introduce safeguards and validate 
the methodologies used. There is a need for ethical oversight and regulation to ensure that genetic 
genealogy can be deployed responsibly and effectively for the benefit of society. 
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ORAL PRESENTATIONS 
*Presenting author 
 
O-01 Comparative evaluation of the MAPlex, VISAGE Basic Tool, and Precision ID 

Ancestry panels for biogeographical ancestry prediction 
 Peter Rešutík*, Simon Aeschbacher, Michael Krützen, Natasha Arora 
 *Zurich Institute of Forensic Medicine, University of Zurich 
  
 Biogeographical ancestry prediction (BAP) from ancestry-informative markers (AIMs) has 

strong potential to support forensic investigations. In recent years, numerous forensic panels 
designed to infer ancestry at the continental scale have been developed. The relative 
performance of these panels compared to each other and beyond populations included in 
their design remains poorly understood, making the selection of appropriate panels for 
forensic laboratories difficult. Here, we evaluated the performance of three popular forensic 
panels (MAPlex, VISAGE Basic Tool, and Precision ID Ancestry Panel), each comprising 
less than 200 AIMs, relative to a comprehensive genome-wide reference panel that we 
compiled for this purpose. Our reference comprises 250K single-nucleotide polymorphisms 
(SNPs) from 3957 individuals and 233 populations from four major high-coverage re-
sequencing datasets (1kGP, HGDP, SGDP, and EGDP). Using STRUCTURE, we inferred 
the ancestry components at a broader scale (assuming K=5 components) as well as at a finer 
scale resolution (K=9), and assessed performance using the G’ similarly score. At K = 5, all 
forensic panels performed similarly to the reference (G’ > 90%). However, at K = 9, 
individual forensic panels showed substantial region-specific deviations from the reference, 
which likely reflect differences in the panels’ design. Based on our results, we recommend a 
BAP workflow that starts with analyses at broader geographical scales and is progressively 
conducted at finer scales. We also acknowledge the additional uncertainties that arise at K 
values above 5, and highlight key issues that need to be addressed in the future. 
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O-02 Introducing the FORCE panel: an all-in-one SNP marker set for forensic applications 
 Charla Marshall*, Kimberly Sturk-Andreaggi 
 *AFMES-AFDIL 
  
 The FORensic Capture Enrichment (FORCE) panel is an all-in-one SNP panel for forensic 

applications. This panel of 5422 markers includes forensically relevant SNPs (identity, 
ancestry, phenotype, X- and Y-chromosomal SNPs) and a novel set of 3931 autosomal SNPs 
for extended kinship analysis, with no clinically relevant/disease markers. The FORCE 
panel was developed and tested as a custom hybridization capture assay with downstream 
Illumina sequencing on a NextSeq 550. Well-characterized control DNA samples indicated 
>99% accuracy between FORCE capture genotypes and previously generated data. In a 
proof-of-concept assessment, SNPs were successfully recovered from reference samples, 
World War II cases, and 200-year-old bones. Ancestry, phenotype, and Y-haplogroup 
predictions were possible from both high quality and degraded bone samples. Kinship 
predictions of first to fifth degree relatives gave strong statistical support, mirroring 
simulation study results from the carefully selected kinship SNPs. As a platform-agnostic 
marker set, the FORCE panel is now being adapted for alternative enrichment strategies and 
Ion S5 sequencing. A global inter-laboratory study is also underway to test the power of the 
FORCE. 
 
Disclaimer: The opinions or assertions presented hereafter are the private views of the 
speaker(s) and should not be construed as official or as reflecting the views of the 
Department of Defense, its branches, the Defense Health Agency, or the Armed Forces 
Medical Examiner System. 
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O-03 The ForAPP, a Forensic Ancestry Prediction Pipeline for the interpretation of ancestry 
informative markers 

 Kristiaan J. van der Gaag*, Aron van Beelen, Jerry Hoogenboom, Titia Sijen 
 *Division of Biological Traces, Netherlands Forensic Institute, The Hague, The Netherlands 
  
 Interpretation of ancestry informative markers (AIM) in a forensic case can be time-

consuming as different tools are used that need to be separately addressed to conduct an 
analysis covering ‘simple’ as well as admixed ancestry .  
 
We developed the ForAPP; a pipeline (running off-line) that initiates multiple ancestry 
prediction tools and summarizes all results in an interactive interface. This analysis includes 
commonly used LR analysis and 3D PCA plots (showing the first three components), but 
also STRUCTURE analysis and machine learning-based predictions using SVM and logistic 
regression.  
 
STRUCTURE results are conveniently summarized into interactive plots with additional 
‘admixture detection plots’ to visually inspect if a sample fits in the used reference 
populations. In addition, tables showing the best matching reference populations and 
samples are displayed.  
 
Since reference datasets still lack populations, ‘border-of-continent’ regions can result in 
admixed-like predictions. The ForAPP enables analysis on the superpopulation (continental) 
and population level. While current forensic AIM sets are not suited for discrimination of all 
populations, this additional level can help interpretation for ancestry in the border regions. 
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O-04 Insights gained from collaborative exercises evaluating the VISAGE age estimation 
tools 

 Antonia Heidegger*, Catarina Xavier, Lena Ewers, Charlotte Sutter, Martina Unterländer, 
Natalie Schneewind, Iris Buckel, Aleksandra Pisarek, Anna Woźniak, Ewelina Pośpiech, 
Wojciech Branicki, Klara Junker, Maja Sidstedt, Johannes Hedman, Kristiaan J van der 
Gaag, Titia Sijen, Ayhan Ulus, Julien Vannier, François-Xavier Laurent, Angelika Fürst, 
Lisa Marinelli, Jakob Niewöhner, Thorsten Hadrys, Walther Parson, on behalf of the 
VISAGE and INFER Consortia 

 *Institute of Legal Medicine, Medical University of Innsbruck, Innsbruck, Austria 
  
 Age estimation based on quantifying DNA methylation has great potential to assist in the 

search of an unknown perpetrator or add information to the identification of human remains. 
In the last years, several European countries legalized forensic DNA phenotyping, including 
age estimation. Now, investigating authorities are beginning to request this analysis for 
specific cases. However, DNA methylation-based age estimation methods and their analysis 
are challenging and little data are available on interlaboratory performance of available 
tools. This presentation showcases results from collaborative exercises of the VISAGE 
(VISible Attributes through GEnomics) and INFER (Introduction of forensic genomic tools 
for estimating Appearance, Ancestry and Age) consortia to highlight achievements and 
current limitations of age estimation from blood, buccal swabs, saliva and semen. 
Meanwhile, age models were further evaluated with additional sample sets. The obtained 
results enable a deeper insight into assay performance and reliability of the generated age 
prediction results for casework applications. 
 
The study received support from the European Union’s Horizon 2020 Research and 
Innovation Programme under grant agreement No. 740580 within the framework of the 
VISAGE Project and Consortium and from the European Union's Internal Security Fund 
under grant agreement No. IZ25-5793-2016-26 (INFER Project). 
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O-05 Investigation of the impact of biogeographic ancestry on DNA methylation based age 
predictions comparing two Middle East and Central European populations 

 Jan Fleckhaus*, P. Bugert, N.A.M. Al-Rashedi, M.A. Rothschild, P.M. Schneider 
 *Institute of Legal Medicine, Medical Faculty, University Hospital and University of 

Cologne, Cologne, Germany 
  
 DNA-based age prediction targets Cytosin (CpG) methylation, a molecular biomarker for 

age, to analyze small biological stains left at crime scenes. Typically, the method is applied 
to cases without information about an unknown sample donor to provide investigative leads 
for the police. In the present study, we tested for a potential impact of biogeographic 
ancestry (BGA) on age predictions with a blood based model including the five CpG sites 
associated with the genes ELOVL2, C1orf132, FHL2, KLF14 and TRIM59 [Zbieć-
Piekarska et al., FSI Genetics, 2015, 17, 173]. We collected 102 blood samples each from 
donors living in Iraq, Middle East (ME) and Germany, Central Europe (CE). Both sample 
sets shared the same gender and age distribution from 18 to 66 years, with one male and 
female sample each per year of age. All samples were analyzed by bisulfite pyrosequencing 
using a Pyromark Q48 (QIAGEN), and applying a multiplex preamplification strategy based 
on a single input of 10ng converted DNA [Fleckhaus et al., FSI Genetics 2020, 44, 102189]. 
For C1orf132, FHL2 and KLF14, we observed significantly different methylation levels 
between the two populations. To test for the prediction bias in years caused by the 
methylation differences, we trained separate models for each population based on two thirds 
of the analyzed samples, and tested the prediction accuracy of each model based on the 
remaining one third. For their respective population, predictions were highly accurate with 
mean absolute deviations from the actual ages (MAD) of 3.32 years for the ME model, and 
2.68 years for the CE model. When applying the ME test samples to the CE model and vice 
versa, the MAD increased to around 5 years resulting in a prediction difference between the 
two populations of 2-2.5 years. The results of this study strongly support the need of 
population specific age prediction models and underline the benefit of BGA information for 
more reliable methylation based age predictions. 
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O-06 A novel rotationally-driven microfluidic approach for forensic epigenetic sample 
preparation for human chronological age determination 

 Rachelle Turiello*, Leah M. Dignan, Logan Cunningham, Soumil Madhiwala, James P. 
Landers 

 *University of Virginia 
  
 Development of molecular tests to predict human chronological age from epigenetic 

information, such as methylation status, has garnered considerable recent attention. 
However, tracing the attachment of methyl groups to the 5’ position of certain cytosine 
residues requires an additional step during sample preparation, known as BiSulfite 
Conversion (BSC), whereby all unmethylated cytosines are deaminated to yield uracil 
residues. Unfortunately, these techniques are characterized by extensive DNA loss, time-
consuming and labor-intensive workflows, and a high propensity for human contamination. 
Here, we propose a microfluidic platform for dynamic solid phase BSC (dSP-BSC) to 
enable rapid, efficient conversion of forensically-relevant DNA input masses in an 
automated, self-contained, rotationally-driven microCD (µCD). The use of a silica dSP, 
together with careful consideration of fluidic architecture and valving strategy, facilitates the 
completion of on-disc sequential unit operations for up to four samples in parallel. The 
methodology may be fully automated with our custom mechatronic systems, mitigating 
contamination and streamlining the process without user intervention in a fully closed 
format. The increased surface-area-to-volume ratio at the microscale enabled reduction of 
incubation intervals, thereby decreasing the total assay time, with enhanced DNA recovery 
and comparable conversion efficiency to a gold-standard method. Recovery, BSC efficiency, 
sensitivity, and reproducibility were evaluated via multiple analytical methods including 
real-time polymerase chain reaction (RT-PCR), high resolution melting (HRM), and 
pyrosequencing. Assay characterization was completed with methylation standards and 
DNA extracted from cloned human blood cells using primer sequences to target loci 
associated with human chronological age estimation, including ELOVL2 and FHL2. 
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O-07 Postmortem age prediction based on DNA methylation: Special circumstances require 
exceptional tissues 

 Jana Naue*, Julia Becker, Nina Mahlke, Alexandra Reckert, Petra Böhme, Stefanie Ritz-
Timme 

 *Institute of Forensic Medicine, Medical Center – University of Freiburg, Forensic 
Molecular Biology, Faculty of Medicine, University of Freiburg, Germany 

  
 The identification of bodies remains challenging, and is either based on the assumption 

about the identity allowing DNA collection for comparison or on a hit in the missing 
person’s database. Otherwise, further information about the deceased individual as the 
chronological age can help police investigations to narrow down the pool of potential 
persons.  
 
The decomposition state can limit the availability of tissue types and the DNA quality. Four 
partly unconventional tissues with slow decay (bone, tendon, intervertebral disc, epiglottis) 
were chosen as DNA sources to characterize age dependent DNA methylation changes and 
their general potential as materials for chronological age prediction of deceased individuals.  
DNA was extracted, quantified, and bisulfite converted from at least 50 individuals. 
Initially, ten preselected DNA regions DDO, ELOVL2, F5, HOXC4, KLF14, NKIRAS2, 
PDE4C, RPA2, TRIM59, and ZYG11A with known age dependency in bone were 
considered.  
 
DNA methylation measurement using MPS was possible from all tissue types, even if 
differences in DNA amount and quality were present. The analysis of the first cases revealed 
that DDO, F5, HOXC4, and NKIRAS2 had only a low or no age-dependency in at least one 
of the tissues. The analysis of the DNA methylation at CpG site(s) of RPA2, ZYG11A, 
TRIM59, ELOVL2, KLF14, and PDE4C confirmed a strong correlation with age in all 
tissues with tissue-specific characteristics. Therefore, a multiplex PCR based MPS assay 
was developed analyzing these six regions as “universal” useful markers for the four tissues. 
Tissue-specific preliminary mathematical models were developed confirming the general 
potential for postmortem age prediction. The analysis of the same DNA regions for the four 
tissues additionally allows the parallel determination of the DNA methylation from up to all 
four tissues of one deceased individual improving the reliability of the age prediction result 
normally obtained from only one tissue source. 
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O-08 Age prediction of skin samples using array-based epigenetic clock and targeted 
bisulfite sequencing of several age-associated markers 

 Jeong Min Lee*, Si-Hyung Lee, Soong Deok Lee, Moon-Young Kim, Hwan Young Lee 
 *Department of Forensic Medicine, Seoul National University College of Medicine, Seoul, 

Korea 
  
 Age prediction using tissue samples can help identify suspects or victims in serious murder 

cases. Accordingly, we collected 180 tissue samples including blood, brain, heart, lung, 
liver, kidney, muscle, epidermis, and dermis from autopsy of 20 Koreans with an age at 
death from 18 to 78, and 80 additional skin samples (epidermis and dermis) from biopsy of 
40 Koreans aged 29 to 79. To obtain DNA methylation age using skin & blood clock 
(Horvath et al. 2018), DNA methylation profiling was conducted using the Infinium 
MethylationEPIC array. Age prediction based on the BeadChip array was possible using as 
little as 50 ng of DNA. DNA methylation age calculated using the skin & blood clock 
showed a high correlation with an actual age in blood, dermis, epidermis, and kidney with a 
MAE of 5 years or less. Skin samples showed high prediction accuracy both in autopsy and 
biopsy samples, but epidermis samples obtained from biopsy showed slightly higher 
prediction values than autopsy samples. Since skin samples from biopsy and autopsy were 
obtained from face and chest, respectively, site-specific differences in DNA methylation in 
the skin might exist. Therefore, we identified age-associated CpGs each from autopsy and 
biopsy array data. Then, we further investigated age association of 18 CpG markers 
identified from autopsy samples (9 each from epidermis and dermis) using targeted bisulfite 
sequencing in more than 70 epidermal and 90 dermal skin samples, and compared the results 
between autopsy and biopsy samples. The regression models for age prediction of epidermis 
and dermis showed an error of 8.4 and 7.2 years, respectively. As a result, age prediction 
accuracy and age association of a specific skin marker may vary depending on the body part. 
However, since the skin is an organ exposed to the environment and is frequently obtained 
in forensic situation, age prediction using skin samples will be useful in obtaining more 
information from evidence for forensic investigation. 
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O-09 Thresholds for kinship analysis based on the reference family structure and quality of 
the genetic profiles for the purpose of mass grave human identification 

 Maria Wróbel* 
 *Institute of Forensic Research, Krakow 
  
 Level of relatedness and number of family members have a huge impact on the success of 

human identification based on genetic profiles. In the forensic community number of 
recommendations are published regarding those concerns in kinship calculation. When 
analysing the data for the purpose of mass graves from the post-World War II period close 
relationships are frequently unavailable. Further relations pose more difficulties when 
analysing the data. Additionally degradation of the skeletal material and close family 
relations between the victims complicate the human identification. 
 
Based on the data from the recent study of the two mass graves from the 1946 in Poland 
(around 100 victims and 53 families) the reference family structures and success rates of 
identification were analysed using DVI protocols for human identification with use of 
Familias software and Pedsuite R packages. Various pedigree combinations were 
investigated with different degree of degradation of the skeletal material and different values 
of prior data. Based on those analyses ranges of thresholds for identification were proposed 
and validated on simulated DNA profiles from different populations and family relations 
structures. 
 
Results of the statistical analysis showed that it is important to calculate pedigree probability 
for each family with concern of the number of markers obtained from the skeletal material 
of the victim and prior information about the mass grave (ex. number of victims). 
Additionally not always the more the relatives the higher kinship index which proves it is 
important to analyse the pedigree structure in the statistical point of view before human 
identification calculation. A chain of command with mean thresholds is proposed for the 
further similar processes as this type of analysis have several differences from DVI 
procedures. 
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O-10 Streamlining the decision-making process for international DNA kinship matching in 
missing person investigations 

 François-Xavier Laurent*, Andrea Fischer, Robert F. Oldt, Sree Kanthaswamy, John S. 
Buckleton, Susan Hitchin 

 *International Criminal Police Organization - INTERPOL 
  
 The identification of missing persons remains a challenging problem in forensic genetics. 

When reference DNA samples are not available, identifications can be made using DNA 
from the missing person’s biological relatives. Although implementing DNA kinship 
matching in a national environment is feasible, many challenges need to be resolved before 
applying this method to an international configuration. In 2021, INTERPOL launched I-
Familia, a new DNA database aiming to facilitate the identification of missing persons 
globally through family DNA kinship matching. This straightforward method, based on 
worldwide allele frequencies and tailored cutoff log10LR thresholds, measures the fit of a 
DNA profile from human remains for any given pedigree and classifies potential candidates 
according to the strength of the DNA evidence and the predicted proportion of adventitious 
matches. This powerful method streamlines the decision-making process in missing person 
investigations and DVI processes, especially with low numbers of overlapping STRs. I-
Familia helps strengthen international data comparison for the identification of reported 
missing individuals discovered outside their national borders, ultimately bringing closure to 
many families. 
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O-11 Limitations of simulated data for evaluation kinshop scenarios 
 Lucinda Davenport*, Laurence Devesse, Denise Syndercombe Court, David Ballard 
 *King's Forensics, King's College London 
  
 Kinship calculations are often based on the principle of a likelihood ratio (LR), which 

compares the likelihood of two competing hypotheses of relatedness, for example, are two 
individuals related as siblings or are they unrelated. To fully interpret the LR value obtained 
from such a calculation, it is useful to know what range and distribution of LRs is expected 
for any given true relationship analysed with a specific marker set. 
 
A well-established method for generating expected likelihood ratios for kinship scenarios 
involves simulating case genotype data, conditioned on the allele frequencies of targeted loci 
and the pedigree hypotheses to be compared. This method allows for the proportion of 
“true” cases that would exceed certain LR values to be estimated, which is particularly 
helpful for setting LR thresholds used when reporting results. The distribution of expected 
LR values can also demonstrate the general capabilities of targeted genetic loci or analysis 
methodologies for resolving such kinship cases.   
 
Whilst using simulated data and corresponding LR values can be highly effective for these 
purposes, it can often mask the potential impact of rare genetic variants observed at targeted 
loci. This has been highlighted in recent evaluations of data generated by massively parallel 
sequencing for kinship analysis – which have demonstrated that when taking allelic 
sequence variation into consideration, especially less common flanking region variants, the 
effect on the LR distribution is less than anticipated. 
 
Rare variants, if shared by tested individuals, should have a strong impact on the LR value 
in support of relatedness. This work explores the disparity between the improvement in LR 
values observed in real cases involving shared rare alleles and the overall impact on LR 
distributions. It will also highlight the importance of additional considerations, such as 
accounting for genetic linkage, on an individual case level. 
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O-12 How often have X- and autosomal-STRs mutations equivocal parental origin assigned? 
 Nádia Pinto*, Sofia Antão-Sousa, Eduardo Conde-Sousa, Leonor Gusmão, António Amorim 
 *Institute for Research and Innovation in Health (i3S), Universidade do Porto, Porto, 

Portugal; Institute of Molecular Pathology and Immunology of the University of Porto 
(IPATIMUP), Porto, Portugal; Center of Mathematics of University of Porto (CMUP), 
Porto, Portugal 

  
 Short tandem repeats (STR) are widely applied in population, evolutionary, and forensic 

genetics, due to extensive polymorphism in the number of repetitive motifs. The primary 
mutational mechanism leading to changes in STR length is thought to be polymerase 
template slippage. Single-step mutations, i.e. the gain or loss of a single repeat in the 
transmitted parental allele, are assumed to be preponderant over those involving multiple 
repeats. Mutation rates in STRs are usually estimated through the proportion of Mendelian 
incompatibilities observed in one generational pedigrees. Diploid and haplodiploid modes of 
genetic transmission may not allow for the unequivocal assigning of the mutation to the 
correct parental origin (either paternal or maternal).  
 
In this work, the frequency with which a mutation might be assigned to the wrong parental 
origin or have an ambiguous origin is computed. Genotypic configurations were generated 
with Python™ programming language, considering parents-child trios for autosomes, and 
parents-daughter trios for the X chromosome. One single-step mutation was simulated in 
each familial constellation. For autosomal transmission, the meiosis suffering mutation was 
randomly selected. Contrarily, for X-chromosomal transmission, differential analyses were 
performed for paternal and maternal mutations.  
 
The rate of cases for which the parental origin of the autosomal mutation was either 
ambiguous or incorrectly assigned varied between 41% (marker TPOX) and 5.2% (marker 
SE33). For the X-chromosomal system, this rate varied between 28.9% (DXS8378, trios 
with maternal mutations) and 6% (DXS10135, trios with paternal mutation). In X-
chromosomal trios, paternal and maternal mutations showed similar rates of ambiguous or 
incorrectly assigned parental origin (14.6% and 16.2%, resp.). Overall, the parental origin 
assignment of the mutations was more accurate for the X-chromosomal markers than for the 
autosomal (15.4% and 19.2%, resp., on average). 
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O-13 Resolving cases with multiple relationships – A comparative study 
 Eric M. O'Neill*, Daniel Kling and Andreas Tillmar 
 *Labcorp 
  
 The likelihood ratio and posterior probability have been the standard statistics used in 

relationship testing for decades. The likelihood ratio is inherently a test of two relationships, 
but the posterior probability can be calculated simultaneously for any number of alleged 
relationships using Bayes’ Theorem. However, not all relationship testing laboratories are 
using Bayes’ Theorem to compare all relevant relationships. Instead, the posterior 
probability is calculated using only pairs of relationships, similar to the likelihood ratio. This 
is done either through strict pairwise testing of each party or through a stepwise process 
where parties are added to a growing pedigree. These alternative approaches can result in 
positively biased posterior probabilities and a failure to test the true relationship. We discuss 
the appropriate use of Bayes’ Theorem in multiple relationship testing and compare this with 
the pairwise and stepwise approaches. We also discuss the generation and analysis of all 
relevant pedigrees, in Familias, for some common scenarios. 
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O-14 How to assign probability to the presence of a specific body fluid? 
 Lydie Samie*, Christophe Champod, Séverine Delémont, Patrick Basset, Tacha Hicks, 

Vincent Castella 
 *Forensic Genetics Unit, University Center of Legal Medicine, Lausanne - Geneva, 

Lausanne University Hospital and University of Lausanne, Ch. de la Vulliette 4, 1000 
Lausanne 25, Switzerland 

  
 Presumptive tests do not allow to determine the nature of the biological material with 

certainty. We have developed three Bayesian Networks (BNs) to assess the presence of 
blood, saliva and sperm in the recovered material and to combine different observations (i.e. 
the color of the trace, the result of the presumptive(s) test(s), the concentration of the 
recovered DNA and the quality of the DNA profile). This approach allows to account for 
false positives and false negatives and avoid misleading conclusions. We have implemented 
an online user-friendly application (https://forensic-genetic.shinyapps.io/BodyFluidsApp/) 
that allows forensic scientists to easily assess the value of their results.  The approach was 
successfully tested using 188 traces from proficiency tests. We propose to communicate the 
results as a likelihood ratio with or without a posterior probability. We introduced this 
approach in our laboratory in January 2022.  
 
The aim of this presentation is: (1) to present the three BNs and the online application (2) to 
discuss the feedback from the police services regarding the whole approach. 
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O-15 The development of epigenetic markers for body fluid and phenotyping analysis  
 Bruce McCord*, Mirna Ghemrawi, Nicole Fernandez Tejero, Quentin Gauthier, Hussain 

Alghanim 
 *Florida International University 
  
 Determining the type and origin of body fluids in a forensic investigation can provide 

important assistance to criminal investigations. We have developed a set of epigenetic 
markers which produce unique and specific patterns of DNA methylation that can be used to 
identify blood, semen, saliva, sweat, and vaginal epithelial cells. These new methods easily 
fit within the workflow of a standard forensic DNA laboratory. Our procedure involves 
testing DNA extracted from human samples, which is then amplified using bisulfite 
modified PCR. Specific primers amplify the region of interest, and the quantitative 
methylation profile of each locus is determined by pyrosequencing. The versatility of these 
new markers is presented by showing the results of validation studies on sensitivity, human 
specificity, stability, and mixture resolution. We also will demonstrate recent results on the 
specificity of saliva markers. Saliva, composed of different cell types, exhibits differences in 
methylation percent depending on the collection method. Thus, a buccal/lip swab is different 
than spit, potentially allowing the differentiation between deposition methods. Lastly, we 
present additional data on the utilization of pyrosequencing for age and other phenotypic 
information such as smoking status. The results of these methods can provide important 
information in criminal casework. 
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O-16 Forensics in the service of history – founding of the German Genetic Database of 
Fallen Soldiers 

 Marta Diepenbroek*, Christina Amory, Antonia Heidegger, Robert Balsam, Katja 
Anslinger, Walther Parson 

 *Institute of Legal Medicine, Ludwig Maximilian University of Munich, Germany 
  
 While more than 70 years have passed since the end of World War II, the number of 

unidentified soldiers who died at the front is still enormous. Out of a total of 5.3 million 
German military casualties, more than one million remain unaccounted for. Bereaved 
families seek certainty and want to know what happened to their war-missing kin. Germany 
has long struggled with the burden of guilt for the acts of war, but has never stopped the 
identification of the fallen. Although impressive efforts have been made to find the missing, 
the methods used for identification have not changed since 1939. Each soldier was given a 
coded ID tag, which, in case of death was supposed to be divided, with half of it staying 
with the body and the other half being taken back to the command. If during an exhumation 
an ID tag is discovered and its condition allows unambiguously reading it, the stamped data 
is decoded and used as the primary method of identification. However, war archaeology 
shows that ID tags are often destroyed or missing, leaving the recovered remains 
anonymous. Furthermore, from a forensic standpoint, the reliability of this identification 
procedure can be called into question. This presentation introduces the first application of 
state-of-the-art forensic science to the identification of war victims in Germany. In the 
project, modern forensic DNA phenotyping methods, next to standard forensic DNA 
profiling, are evaluated in their capacity to assist the identification of the fallen. Although 
similar projects served as precedent on a global level, it was an uncharted territory in 
Germany. We discuss both technical difficulties of the DNA analysis as well as legal 
challenges of locating and contacting the relatives, with both emphasizing the complexities 
of this human identification project. 
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O-17 Evaluating the use of ancient DNA laboratory protocols in the downstream DNA 
identification of burned forensic remains 

 Cody Parker*, Matthew Emery, Erin Rawls, Katelyn L. Bolnhofner, Suhail Ghafoor, 
Amanda Wissler, Stevie Winingear, Robert Oldt, Sreetharan Kanthaswamy, Jane E. 
Buikstra, Giovanna Vidoli, Joanne Devlin, Laura Fulginiti, Anne C. Stone 

 *Arizona State University School of Human Evolution and Social Change 
  
 DNA analysis is an important tool in the identification of human remains recovered from 

forensic contexts. While natural exogenous factors can limit the amount of recoverable DNA 
from skeletal remains, severely insulted tissues, such as those exposed to intense thermal 
alteration (e.g., fire) have proven to be especially challenging. Similarly, archaeological 
remains may also exhibit minimal DNA preservation and/or recovery potential. 
Consequently, ancient DNA (aDNA) laboratory protocols have already been heavily 
optimized to maximize the recovery of DNA for downstream analyses. With this in mind, 
we evaluate DNA yield, quality, usability in STR analyses, NGS library preparation, 
mitochondrial genome recovery, and targeted single nucleotide polymorphism assays in 
burned remains using a combination of aDNA and modern forensic protocols. To maximize 
the comparability and usability of these protocols, our samples stem from both real-world 
cases as well as remains collected the controlled burning of 10 donor cadavers. Current 
results suggest aDNA protocols have the potential to significantly increase DNA recovery in 
skeletal remains exposed to temperatures > 350°C. We subsequently hypothesize that by 
adapting aDNA protocols for use in burned skeletal remains we can significantly increase 
our ability to successfully identify these challenging samples. 
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O-18 ISFG DNA Commission recommendations on STR sequence nomenclature 
 Katherine B. Gettings*, David Ballard, Martin Bodner, Lisa A. Borsuk, Jonathan L. King, 

Walther Parson, Christopher Phillips 
 *NIST 
  
 Since the 2016 publication of the ISFG DNA Commission Considerations on Minimal STR 

Sequence Nomenclature Requirements [1], the forensic community has been generating 
STR sequence-based population data and developing bioinformatic methods and other 
resources to support this technology transition. In 2019, the STRAND working group hosted 
a meeting to advance the development of STR sequence nomenclature with attendees across 
government, academic, and vendor sectors. Content from this meeting was disseminated to 
the community through publication [2] and presentations. Following this meeting, an ISFG 
DNA Commission on STR Sequence Nomenclature was initiated in late 2020 to develop 
recommendations for maintaining, formatting, and exchanging STR sequence data. These 
recommendations follow the tradition of autosomal STR allele designation guidance from 
earlier DNA Commissions of the ISFG [3,4] which further evolved as the technology 
expanded into Y-STRs [5,6]. This DNA Commission is composed of members of the 
STRAND working group and additional experts from international academic and 
government laboratories. The starting point for this DNA Commission was the 2016 report 
[1]; reevaluated in light of the intervening five years of published data and technology 
advancements. This presentation will describe the ISFG DNA Commission’s 
recommendations on STR sequence nomenclature, including 1) Sequence strings and 
minimum reporting range, 2) Bracketed sequences, 3) Resources for sequence formatting, 4) 
Characterizing new loci, and 5) Interlaboratory data exchange. 
 
References 
[1] Parson et al. For Sci Int Genet 22 (2016) 54-63.  
[2] Gettings et al. For Sci Int Genet 43 (2019) 10265. 
[3] Bar et al. Int J Leg Med 107 (1994) 159–160. 
[4] Bar et al. Int J Leg Med 110 (1997) 175–176. 
[5] Gill et al. Int J Leg Med 114 (2001) 305–309. 
[6] Gusmão et al. For Sci Int 157 (2006) 187–197. 
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O-19 Optimization of library preparation for ultrasensitive MPS analysis of STR markers 
 Johannes Hedman*, Arvid H. Gynnå, Nelly G. Lind, Linda Jansson, Maja Sidstedt 
 *Swedish National Forensic Centre 
  
 Massively parallel sequencing (MPS) is a promising technique for STR analysis due to the 

improved allelic discrimination and increased multiplexing capabilities. Accurate and 
efficient library preparation is vital for successful MPS analysis. Here we present the 
optimization of library preparation for an in-house 7-plex STR assay based on SimSen-Seq 
technology and unique molecular indices (UMIs). Libraries are prepared in two PCR steps: a 
barcoding PCR applying target specific primers where UMIs are introduced, and a second 
PCR using Illumina adapter primers. The barcoding PCR enables bioinformatic correction 
of incorrect reads through generation of a consensus sequence for each UMI group. We have 
studied the effect on sequencing quality of e.g., primer concentration (40-80 nM), PCR cycle 
number (3-6 cycles), and reaction volume (10-25 µL) in the barcoding PCR. We also 
evaluated various PCR clean-up protocols, for example by adjusting the bead ratio. We will 
present how the different variables in library preparation influenced the amounts of on-target 
reads, the numbers of unique UMI families and ratios of correct sequence variants. For 
example, increasing the number of cycles in barcoding PCR resulted in a higher ratio of 
incorrect sequence variants. We find that some means taken to improve detection may lead 
to increased numbers of erroneous sequences, indicating a possible trade-off between limit 
of detection and fidelity. 
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O-20 Leveraging massively parallel sequencing data of autosomal STRs for ancestry 
estimation 

 Laurence Devesse*, Lucinda Davenport, Denise Syndercombe Court, David Ballard 
 *King's College London 
  
 The ability to estimate the bio-geographic ancestry of a donor from a forensic sample can be 

of vital importance for so called “no-suspect, no-hit” cases. Traditionally, this has relied on 
the use of specific ancestry informative single nucleotide polymorphisms (SNPs), run as an 
additional test to short tandem repeat markers (STRs). STRs have largely been discounted 
for bio-geographic ancestry determination due to their high mutation rate, which in turn 
makes them well suited for individual identification. Being able to obtain a DNA profile that 
can simultaneously be used for bio-geographical ancestry estimation and searching against 
offender databases would be a huge benefit to the field of forensic identification in terms of 
time, cost, and sample availability.  
 
The transition in forensics from capillary electrophoresis to massively parallel sequencing 
presents an opportunity to review the choice of genetic markers used for identification and 
assess the ways in which we utilise them. In relation to STR analysis, the move to assign 
alleles using sequence rather than length-based methodologies has highlighted the extent to 
which previous allelic variation was masked. In this work, 989 samples from five global 
population groups were genotyped using the MiSeq FGx™ Forensic Genomics System. This 
presentation addresses the characterisation of novel sequence variants, and the opportunity 
to utilise this diversity in unique ways. In particular, the presence of population-specific 
sequence variation raises the prospect of using STR profiles for population identification, 
both on their own and in combination with ancestry-informative SNPs. Across the five 
populations studied, good differentiation was achieved using sequenced STR profiles – 
results which also showed a clear improvement over length-based data. 
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O-21 A multipurpose panel of microhaplotypes for casework 
 Kenneth K. Kidd*, Andrew Pakstis, Neeru Gandotra, Curt Scharfe, Daniele Podini 
 *Yale University School of Medicine 
  
 For several years we have been searching for better microhaplotypes (MH) based on the 

average number of alleles at a locus (Ae) and the informativeness for population 
relationships (In) with thoughts of incorporating MHs into casework.  We developed a 
multiplex of our best 90 MH on 79 populations. We typed all 90 by MPS (Gandotra et al. 
2020) and analyzed them for population genetics information (Pakstis et al. 2021).  We have 
ranked the 90 by Ae and analyzed the top 24 to evaluate their potential value in forensic 
casework.   We chose 24 to compare with the popSTR dataset of 20 CODIS markers plus 
four others commonly typed.  PopSTR has data on 57 populations; our 24 MHs have data on 
79 pops. 
 
Although different sets of populations will have different Ae and In statistics, the popSTR 
data cover pops from most major parts of the world, although unequally. The mean of the 
79-population Ae values for MHs is 6.35 while 59-population Ae of the STRs is 5.58.  The 
two In values are 0.498 for the HMs and 0.313 for the STRs.  The average random match 
probability (RMP) is 10E-32 for the MHs and 10E-29 for the STRs.  Thus, the MH are more 
heterozygous and better at individualization than the CODIS STRs. PCA shows greater 
differentiation among populations using the MHs than using the STRs.  popSTR did not 
present the individual genotypes but those were available for the MH. STRUCTURE of the 
MH data showed populations falling into 9 regions.  Mixtures of 3 and 4 contributors 
showed all possible alleles for at least one MH locus. The multiple alleles of the MHs with 
no stutter should make mixtures easier to resolve. We conclude this small but highly 
informative panel of MHs is as good or better than the STRs for casework analysis.  As 
more labs have MPS capability it should be possible to multiplex the 24 MH with the 
CODIS panel for even better forensic casework outcomes: lower random match 
probabilities, better ancestry and relationship inference, better mixture deconvolution. 
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O-22 Exploring regional aspects of facial variation in a European population 
 Franziska Wilke*, Noah Herrick, Harold Matthews, Hanne Hoskens, John R. Shaffer, Seth 

M. Weinberg, Mark D. Shriver, Peter Claes, Susan Walsh 
 *Department of Biology, Indiana University-Purdue University Indianapolis, Indianapolis, 

USA 
  
 DNA-based facial prediction is still in its infancy, with previous attempts relying heavily on 

sex and ancestry. These covariates alone do not wholly represent an individual, yet they can 
account for up to 25% of facial variation. The visual effect of ancestry and sexual 
dimorphism on the face have often been explored using intercontinental populations, but less 
so within continents to show regional and even population differences. To better understand 
and visualize this effect and its magnitude, we examined a large dataset of 3D facial scans 
from a European population. Via genetic ancestry inference, we selected 175 individuals 
representing each region; North/South/East and West Europe as defined by the World Atlas, 
and calculated shape differences resulting from ancestry correction via Partial Least Squares 
Regression (PLSR) using the top four genetic principal components (PCs) typically used in 
ancestry correction within Europe. This enabled us to visualize the effects of particular PCs 
on the average European facial shape. We found measurable differences in facial shape, 
particularly between Cartesian regions, and were able to localize these effects to the 
forehead, nose, and chin to a significant degree.  Our results confirm that Europe is not a 
homogenous population with regards facial variation, but that there are clear regional and 
population-based ancestry effects seen with varying shape and magnitude. Overall, the 
South had the largest percentage of facial variation explained by ancestry, while the North 
and West showed the least. In addition, sexual dimorphism displays varying magnitudes 
between regions, but with a similar shape-shift. Once we have acquired the necessary 
genetic knowledge to reliably predict facial form solely based on its development, the 
knowledge presented here on regional/population ancestry and sexual dimorphism effects on 
facial shape will allow a more finetuned facial projection for downstream recognition and 
biometrics. 
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O-23 Extending the discrete Laplace method for Y-STR haplotype frequency estimation: 
multi-copy loci, partial repeats and null alleles 

 Maarten Kruijver*, Duncan Taylor, John Buckleton 
 *Institute of Environmental Science and Research 
  
 The discrete Laplace method can be used to estimate the frequency of a Y-chromosomal 

STR haplotype. An implementation of the method is used within YHRD. Two limitations of 
the method are the assumption that each profile has exactly one allele at every locus and that 
this allele is an integer repeat number. This is problematic, because the most widely used 
kits include loci that are duplicated in most profiles and point repeats are commonly seen. 
We relax the restrictive assumptions of the discrete Laplace method to allow for multi-copy 
loci, point repeats and null alleles. We show how the parameters to the extension of the 
model can be estimated by numerical optimisation using an off-the-shelf solver. Accuracy of 
the estimation procedure is demonstrated using a simulation study. We explain that 
concordance with the discrete Laplace method is obtained when the data satisfy the more 
stringent assumptions of the original method. 

 
  



27 
 

O-24 Updates from YHRD: New search paradigms and updated submission requirements 
 Sascha Willuweit*, Lutz Roewer 
 *State Criminal Police Office, Crime Laboratory Forensic Sciences, Berlin, Germany 
  
 Within the last 20 years the Y-chromosome Haplotype Reference Database (YHRD) has 

become a huge repository on Y-STR variation consisting of almost 350,000 haplotypes 
distributed over 1,740 contributions and originating from 141 countries. 
 
With almost 100,000 haplotypes of each of the high-resolution markers sets (YFiler Plus - 
YFP, PowerPlex Y23) at YHRD, the former implementation of searching a haplotype at 
YHRD by masked search became indisputable conservative. In other words, 2/3 of all 
considered Y17 dataset samples are typed by either Y23 or YFP. Without considering that 
additional information this may lead to a certain bias and invalid representative frequency 
based on counts. To solve this issue, we have introduced a new search paradigm called 
‘transient search’ where the resolution of the query information is separated from the actual 
database resolution, enabling users to search e.g., a Y23 haplotype (Q) in a Y17 dataset 
without ignoring Y17+ locus information of Q. 
 
Additionally, we have considerably restructured the way samples of population studies are 
submitted to YHRD by requesting information about the required publication or the 
necessary informed consent and Ethics Committee approval of the data to be submitted. 
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O-25 YMrCA: improving Y-chromosomal ancestor time estimation for DNA kinship 
research 

 Sofie Claerhout*, Simon Vanpaemel, Mandev S. Gill, Guy Baele, Ronny Decorte 
 *Forensic Genetics, KU Leuven, Belgium 
  
 The Y-chromosome is a valuable kinship indicator in forensic research. To reconstruct 

genealogies, the time to the most recent common ancestor (tMRCA) between paternal 
relatives can be estimated through Y-STR analysis. Existing models are the stepwise 
mutation model (only one-step changes) and the infinite allele model (new allele per 
change). In this study, these models and all existing tMRCA calculators were validated 
using our database containing 1,120 biologically related genealogical pairs confirmed by 46 
Y-STRs with known tMRCA (18,109 generations). Consistent under- and overestimation 
and broad CIs were observed, leading to dubious tMRCA estimates. This is because they do 
not include individual mutation rates and multi-step changes, while ignoring hidden 
multiple, back or parallel mutations. To improve this, we developed a user-friendly 
calculator, the ‘YMrCA’, including all previously mentioned mutation characteristics. After 
extensive validation, we observed that the YMrCA calculator demonstrated a promising 
performance. The YMrCA yields a significantly higher success rate (96%; +20%) and a 
lower error (7; -3). Therefore, YMrCA offers the next step towards more objective tMRCA 
estimation for DNA kinship research. 
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O-26 SYMT: Development of a multiplex assay for the detection of autosomal and Y-STRs, 
assessment of the degradation state of mitochondrial DNA and presence of 
mitochondrial heteroplasmies 

 Lisa Dierig*, Arthur Brommer, Rachel Klein-Unseld, Sebastian N. Kunz, Peter Wiegand 
 *University Ulm, Institute of Legal Medicine, Albert-Einstein-Allee 23, 89081 Ulm 
  
 The current state of the art in forensic casework is detection of autosomal or gonosomal 

short tandem repeats (STR). With increasing degradation, STR analysis tends to be less 
successful up to complete failure. For challenging samples such as telogen hair roots and 
shafts, touch DNA samples or skeletal remains, mitochondrial DNA (mtDNA) analysis 
provides a powerful tool. Determination of DNA quantity is an important part in the 
casework workflow. Several ready-to-use kits are commercially available for nuclear DNA 
targets. However, quantification of mtDNA targets requires the establishment of an in-house 
method. Some assays even contain assessment of degradation, which alleviates the choice of 
target enrichment for sequencing through medium or small amplicons. As Sanger-type 
Sequencing (STS) still remains the golden standard in many laboratories, identification of 
heteroplamies in C-stretch regions prior to the sequencing reaction is advantageous. Firstly, 
primer selection can be expanded with primers binding near the C-stretch and secondly, 
determination of the dominant variant is straightforward. All those quantity (nuclear and 
mtDNA) and quality (degradation and length heteroplamies) evaluations usually require at 
least two separate reactions. Therefore, the aim of this project was the combination of all 
these targets in a single multiplex assay using capillary electrophoresis to spare valuable 
sample extract. Amplification of representative autosomal and Y-chromosomal STRs allows 
estimation of successful STR analysis. Simultaneously, five length heteroplamies in the 
mitochondrial control region are targeted as well as three conservative regions of differing 
fragment lengths for assessment of the degradation state. Based on the outcome of this 
assay, forensic examiners can decide if STR analysis may be successful. In case of absent 
STR peaks, optimal proceeding of mtDNA sequencing can be determined. 
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O-27 Which is true? Bona fide evaluation of various approaches in analysis of whole 
mitochondrial genome sequences in low-template, degraded material based on familial 
samples 

 Maria Szargut*, Sandra Cytacka, Joanna Arciszewska, Grażyna Zielińska, Marta 
Diepenbroek, Magdalena M. Buś, Andrzej Ossowski 

 *Department of Forensic Genetics, Pomeranian Medical University in Szczecin 
  
 Pushing the boundaries of sensitivity levels of whole mitochondrial genome sequencing kits 

forces an extremely meticulous variant assessment to be performed for each sample tested. 
The implementation of Next Generation Sequencing methods into everyday forensic 
casework and an increasing number of full mitochondrial haplotypes into international 
databases, together with the insufficiency of available recommendations on sequence 
analysis, result in a high need for carrying out further validation studies. 
 
Based on the results of 10 years of research conducted by the Polish Genetic Database of 
Totalitarian Victims, followed by state-of-the-art studies executed by the Polish Genetic 
Database – Pomeranian Medical University Research Center, we were able to perform a 
comparative analysis of mitochondrial genomes retrived from several dozen families. For 
this purpose, we have constructed 50 family trees, each of which included an identified 
person and their maternal relative. While the reference material included high-quality DNA 
isolates, the quantity and quality of DNA extracted from the skeletal material of the 
deceased exhibited extreme variety, reflecting the attributes of actual material available in 
routine casework studies. Whole mitochondrial genomes were obtained with the use of the 
Precision ID line: Precision ID mtDNA Whole Genome Panel, Precision ID Library Kit and 
Precision ID Chef & Sequencing Kit, and Ion GeneStudio S5, while Converge 2.3 and IGV 
2.12.3 were used for secondary sequence analysis. 
 
We have evaluated several analysis workflows for detecting NUMTs presence and for 
setting various minimal variant detection thresholds for both length and point heteroplasmy 
as part of this study. Moreover, the study shows potential differences between mitogenomes 
within families. The obtained results shed light on whole mitochondrial genome analysis 
strategies in casework-type material. 
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O-28 Pitfalls, challenges and caveats in whole mitochondrial genome sequencing from hair 
shafts by MPS: where, when and how to address them 

 Chiara Turchi*, Filomena Melchionda, Federica Alessandrini, Valerio Onofri, Mauro 
Pesaresi, Loredana Buscemi, Adriano Tagliabracci 

 *Section of Legal Medicine, Marche Polytechnic University, Ancona, Italy 
  
 The growing use of massively parallel sequencing (MPS) for the whole mitochondrial 

genome analysis in forensic laboratories, requires the establishment of efficient workflows 
and interpretation procedures, to support the feasibility of the technology and the reliability 
of the data. In the case of reference samples, such as blood and buccal swabs, the generation 
of mtDNA profiles by using MPS is relatively simple. Conversely, many forensic casework 
samples still pose challenges for the MPS, data interpretation and reporting of mtDNA. This 
is especially true for the analysis of shed hairs, which are one of the most commonly 
encountered evidence types and which are among the most limited in terms of DNA quantity 
and quality. Due to these limitations, every step involved in the analysis become essentials 
and should be performed in order to obtain the best performance, optimizing the outcomes 
and minimizing the errors.  
 
In light of this, we present a project focusing on the extraction, quantification and massive 
parallel sequencing of the whole mitochondrial genome in hair shaft samples. The aims of 
this project are to set-up and validate a methodological pipeline to obtain the best 
sequencing results from hair shafts. 
 
A minimum of 3 fragments per hair, excluding the root, was excised and used for the study, 
for a total of about 50 hair fragments. The DNA extraction was performed using the DNA 
IQ™ Casework Pro Kit for Maxwell 16, while a real-time PCR assay was used to quantify, 
at the same time, nuclear and mitochondrial DNA and to estimate the degradation state of 
mtDNA. Finally, mtGenome was sequenced by using the Precision ID mtDNA Whole 
Genome Panel on the Ion GeneStudio S5 System. 
 
The overall performance of the MPS panel, mainly in terms of total coverage, amplicons 
coverage and different primer pools efficiency, was evaluated also in relation to the different 
hair fragments, the mtDNA copy number used for libraries preparation and its degradation 
state. 
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O-29 Ethics as lived practice: Anticipatory capacity and ethical decision-making in forensic 
genetics 

 Carole McCartney*, Matthias Wienroth, Rafaela Granja, Veronika Lipphardt, Emmanuel 
Nsiah Amoako 

 *Northumbria University 
  
 Greater scrutiny and demands for innovation and productivity place pressures on scientists. 

Forensic genetics is advancing rapidly but can only do so responsibly, usefully, and 
acceptably within ethical and legal boundaries. We argue that such boundaries require 
scientists embrace ‘ethics as lived practice’.  We critically discuss ‘thin’ ethics which lead to 
a myopic focus on procedures, and to seeing ‘privacy’ as the sole ethical concern and 
technology as a mere tool. To overcome ‘thin’ ethics we propose understanding ethics as an 
intrinsic part of the lived practice of a scientist. We explore ethical aspects of decision-
making in forensic genetics research and in technology use. We discuss the creation, 
curation, and use of databases, and the need to engage with societal and policing contexts of 
forensic practice.  Adoption of ‘ethics as lived practice’ supports the development of 
anticipatory capacity – empowering scientists to understand, and act within ethical and legal 
boundaries, incorporating the operational and societal impacts of their daily decisions, and 
making visible ethical decision making in scientific practice. 
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O-30 Protecting public safety and privacy through best practices & standards for forensic 
genetic genealogy 

 Claire L. Glynn* 
 *University of New Haven 
  
 Since its inception in 2018, Forensic Genetic Genealogy (FGG) has become one of the 

fastest-growing new investigatory tools to be implemented into criminal investigations. The 
speed of this implementation has been alarming, yet its success and impact in resolving cold 
cases cannot be denied. As with all new methods, tools, and techniques, it is critical that 
robust procedures, best practices, and standards for their use are developed and 
implemented. With FGG, its use has become widespread across the United States, yet there 
exists only minimal guidance and policy surrounding it. Critics of the use of FGG have 
raised concerns over genetic privacy, individual privacy, and informed consent, to name a 
few. Members of the law enforcement/forensic science community that have been hesitant to 
embrace this new tool have cited the lack of guidance, understanding of legal implications, 
and defined set of procedures for using it as a concern. Therefore, it is necessary that robust 
best practices and standards are developed for using this investigatory tool, with a focus on 
balancing the best interests of the public in terms of both protecting their safety and 
protecting their privacy. It is essential that all stakeholders are given the opportunity to 
provide input in the development of national best practices and standards, which must 
include not only legal experts and policymakers, but also ethics and privacy experts, forensic 
practitioners, and those with in-depth knowledge and expertise in carrying out the many 
steps involved in a thorough FGG investigation. Over the last 30+ years, Forensic DNA 
(STR) analysis has become the gold standard of forensic science. This was and still is, 
achieved through methodical diligence, robust practices, and constant revision and 
oversight. The same is now required for FGG in order to cement its credibility within the 
industry, and also to sustain, even grow, its use in investigations. 
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O-31 Transfer, persistence and recovery of DNA quantity and mRNA vaginal mucosa 
markers comparing intimate contact with social contact: Activity level reporting using 
a combined Bayesian Network 

 Helen Johannessen*, Peter Gill, Gnanagowry Shantan, Ane Elida Fonneløp 
 *University of Oslo 
  
 In sexual assault cases, the source of the body fluid and DNA is often in question, especially 

if the DNA profile originated from epithelial cells. Additionally, the findings of epithelial 
cells may be requested being evaluated given activity level propositions. In this study 158 
samples (fingernail swabs, penile swabs and boxershorts) from 12 couples collected at 
different time points post intimate contact (digital and penile penetration) and after non-
intimate (social) contact were analysed in order to detect DNA from person of interest (POI) 
along with mRNA vaginal mucosa markers. In this talk, the data from this study will be 
presented along with a case example of evaluating the findings given activity level 
propositions using Bayesian network analysis. Overall, the value of the evidence was mainly 
affected by the high DNA quantity (measured as mean RFU) recovered from the POI. 
Surprisingly, the detection of vaginal mucosa had a low impact on the resultant likelihood 
ratio. 
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O-32 Statistical analysis tools of mixture DNA samples: When the same software provides 
different results 

 Camila Ferreira da Costa*, Carolina Figueiredo, António Amorim, Lourdes Prieto, Sandra 
Costa, Paulo Miguel Ferreira, Nádia Pinto 

 *FCUP - Faculty of Sciences of the University of Porto / i3S - Institute for Research and 
Innovation in Health 

  
 The high complexity of the genetic analysis of crime scene samples is mainly related to the 

unknown number of contributors, low DNA quantity and quality, and associated stochastic 
effects. The difficulty and subjectivity of interpreting casework samples was the motto for 
the development of software to mitigate these conditions and allow the quantification of the 
genetic evidence. Currently, there are several tools for statistical analysis of mixture samples 
based on either qualitative or quantitative models. The first considers the electropherograms’ 
qualitative information (observed peaks), whilst the latter take also into account the 
associated quantitative information (peak height/area). 
 
It has been shown that regardless of being based on the same or on different models, several 
log10 scale units of difference were observed between likelihood ratios outputted by distinct 
software. These conclusions were drawn considering both mocked and real casework single 
source/mixture pairs of samples by us. 
 
In this work, we analyze the effect of parameters’ settings when using the same software and 
its versions. Specifically, we aimed to quantify i) the magnitude of the differences in the 
statistical results provided by the different versions of the same software; and ii) the impact 
of the (apparently minor) variation of some software parameters (as drop-in or FST 
correction) on the computed statistical results. Casework forensic samples were used. 
Also in this case, even when the same software is used, differences with several log10 scale 
units of discrepancy were found. With this work, we aim to reinforce the importance of 
experts understanding the statistical models of the distinct software, along with the relevance 
of proper parameters’ modeling and estimation. We also strongly advise to not consider a 
numerical result of software steel plated, and critically analyze the results. The use of more 
than one tool in routine forensic casuistic should be strongly considered 
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O-33 Using previous DNA casework data to aid decision making in the process of DNA 
profile interpretation 

 Corina Benschop*, Pieterjan Sjoukema, Charissa van Kooten, Dion Zandstra, Francisca E. 
Duijs, Margreet van den Berge, Colin Schepers, Jeroen Mandersloot, Kim de Bie, Niels 
Prins, Ankie van der Zanden, Rolf Ypma 

 *Netherlands Forensic Institute 
  
 In DNA casework with complex profiles, the interpretation by reporting officers (ROs) can 

vary between and within laboratories. Casework practice includes reviewing of DNA reports 
and in complex cases ROs may discuss to reach consensus. This minimizes differences but 
can be time consuming. Also, police or public prosecution select samples for additional 
analyses but are provided with limited argumentation. In this study, we use previous 
casework data to guide ROs, police and public prosecution in the decision making process. 
Software was developed that enables searching for DNA profiles with similar characteristics 
as the case data at hand. For this comparable historical data, follow-up actions are shown. 
For example, whether the profiles were used for database searching, LR calculations and/or 
additional analyses, such as PCR replicates. The tool provides insight on thousands of 
historical profiles. Currently, research is ongoing to automatically select comparable DNA 
profiles and provide success rates for additional analyses. These success rates enable 
increased uniformity among ROs and will be communicated to police and public 
prosecution to aid optimal results and efficient use of casework capacity. The latest results 
and software version will be discussed and demonstrated. 
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O-34 Assigning the number of contributors for autosomal STR profiles using different NOC 
methods 

 Sarah Riman*, Tamyra R. Moretti, Alice L. Brown, Meng-Han Lin, Zane Kerr, Jo-Anne 
Bright, Anthony J. Onorato, Peter M. Vallone 

 *National Institute of Standards and Technology, Applied Genetics Group, Gaithersburg, 
MD, 20899 USA 

  
 The true number of contributors (NoC) to an evidentiary DNA sample is unknown. Any 

assignment of NoC has an associated uncertainty that reflects incomplete knowledge of the 
quantity value. Typically, a DNA analyst performs NoC assignment manually in accordance 
with the laboratory’s SOPs. The use of algorithms for NoC estimation can potentially 
increase consistency and reduce time. In this study, we examined two methods for assigning 
NoC: manual interpretation by a qualified DNA analyst and a decision tree within the 
FaSTR™ DNA software. FaSTR™ is a tool for the analysis of raw forensic profile data. 
Analyzed data may be evaluated by a flowchart where at every decision point one of two 
branches is taken depending on a test, where the ultimate outcome is the possible NoC. 
Mixtures selected for this assessment presented challenges to manual NoC assignment and 
ranged in empirical NoC (2 – 6), relative contributor proportions (0.01 – 0.99), template 
quantity (0.008 ng – 4 ng), level of allele sharing, and DNA quality. The GlobalFiler™ 
mixtures were generated using FBI-internally validated procedures (3500xL, 1.2kV/24s 
injection). Profiles for manual NoC assessment were analyzed using GeneMapper™. For 
each mixture, the NoC proposed by FaSTR™ was compared to the NoC apparent to the 
DNA analyst and evaluated relative to ground truth, profile data, and STRmix™ results. 
Potential reasons for NoC differences were investigated and will be presented. 
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O-35 The development of a probabilistic genotyping software for the continuous 
interpretation of NGS aSTR mixtures 

 Meng-Han Lin*, Kevin Cheng, Jo-Anne Bright, James Curran, John Buckleton 
 *Institute of Environmental Science and Research (ESR) 
  
 There has been increasing interest from forensic laboratories to evaluate the use of next-

generation sequencing (NGS) technologies or massive parallel sequencing (MPS) 
technologies.  One particular area of interest is the use of this technology to interpret 
autosomal short tandem repeats (aSTRs) in forensic mixtures.  This is because, unlike 
contemporary capillary-electrophoresis (CE) methodologies for the analysis of aSTRs, NGS 
can detect sequence variations in a stretch of STRs.  Over the past few years, there have also 
been a number of publications describing the behaviour of STRs in NGS-DNA profiles 
including publications around potential quantitative models to describe an expected NGS-
DNA profile.  This increasing body of knowledge has facilitated the development of 
probabilistic genotyping solutions for the interpretation of aSTR mixtures generated using 
sequencing technologies. 
 
In this presentation, we will present the biological models for NGS-DNA profiles that were 
adapted from Bright et al. (2013) and Vilsen et al. (2018).  These models were implemented 
into a prototype probabilistic genotyping software.  Using this prototype software, we 
demonstrate the results of the continuous interpretation of aSTR mixtures that were 
generated using sequencing technology.  This includes the assignment of likelihood ratios 
(LRs) to known donors and non-donors to more than one-hundred DNA profiles, 
experimentally designed to contain up to four-contributors.  The results demonstrate the 
behaviour of the LRs, the changes in the LR when a known donor to the mixture is assumed, 
and the effect of under- or over-assigning the number of contributors to a mixture.  The 
presentation will also describe some of the limitations in this prototype solution such as 
degradation and the assignment of the number of contributors, and possible solutions to 
address these limitations. 
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O-36 MPSproto: A tool to interpret MPS-STR mixtures with artefacts 
 Øyvind Bleka*, Maria Martin Agudo, Peter Gill 
 *Forensic Genetics Research Group, Oslo University Hospital, Norway 
  
 MPSproto extends the EuroForMix model to interpret MPS-STR mixtures with artefacts 

(both noise and stutter). Sequences obtained from MPS techniques are converted into 
bracket format nomenclature using the LUSstr tool which eases the recognition of complex 
stutters. 'n-1' stutters are modeled separately for the longest uninterrupted stretch (LUS) part 
and non-LUS parts, and the stutter sizes can be specified to increase with the block length of 
the missing motif. Also, 'n0' stutters can be taken into account (no repeat net change) 
together with other less common stutter types such as 'n+2'. MPSproto requires a calibration 
on a per-marker basis where amplification efficiencies, noise and stutter models must be 
trained based on a single source dataset. This enables the possibility to lower the analytical 
threshold without applying any stutter filtering which greatly increases the sensitivity of 
MPS profiling. Our results shows that MPSproto performs better than EuroForMix for MPS-
STR mixtures. 
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O-37 Evaluating probabilistic genotyping for low-pass DNA sequencing 
 Sammed Mandape*, Kapema Bupe Kapema, Tiffany Duque, Amy Smuts, Jonathan L. King, 

Benjamin Crysup, Jianye Ge, Bruce Budowle, August E. Woerner 
 *Center for Human Identification, University of North Texas Health Science Center, Fort 

Worth, TX 
  
 Most genomic methods consider the sample genotype. Data are evaluated at some location, 

and if the signal strength is sufficient, a genotype call is made. Conversely, sites that lack 
sufficient signal are treated as missing data. Such methods for genotype calling are binary, 
and this dichotomy limits genomic analyses to relatively high-coverage (and high cost) 
massively parallel sequencing (MPS) data. It follows that bioinformatic methods that rely on 
genotypes may not be ideal for trace DNA samples, such as those sometimes encountered in 
forensic investigations, but even when applicable such analyses can be expensive. There are 
some genomic analyses where having many uncertain genotypes (with measured 
uncertainty) assayed over the entirety of the genome may be more powerful than current 
multi-locus approaches that consider a limited number of well-characterized markers. 
Methods for such problems may rely on the genotype likelihood, which expresses the 
likelihood of alternative genotype calls in addition to the most likely call. One application 
that can benefit from genotype likelihoods is kinship. NgsRelate is a bioinformatic tool that 
infers pairwise relatedness using a probabilistic genotyping framework (instead of strictly 
binary calls), which accommodates the uncertainty associated with genotype calls for low-
pass MPS data. Here, NgsRelate was used to infer kinship coefficients from low-pass whole 
genome sequencing data from a known pedigree. Multiple samples in a titration series 
(ranging from 50ng to 0.5ng) on a single MPS S4 flow cell were assessed. A reproducible 
scientific bioinformatic workflow was developed to evaluate kinship coefficients 
considering up to 3rd degree relatives. NgsRelate was found to provide robust assessments 
of kinship. Further, the use of low-pass MPS data provides a more cost-effective way to 
conduct forensic investigations. 
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O-38 DNA transfer between exhibits, evidence bags and workspaces 
 Claire Mercer*, Duncan Taylor, Julianne Henry, Adrian Linacre 
 *College of Science and Engineering, Flinders University 
  
 The increased sensitivity of current DNA profiling technologies allows the detection of trace 

amounts of DNA. The chance of detecting DNA within a crime scene sample that is 
unrelated to an alleged event has subsequently also increased. This research offers insight 
into the mechanisms which may be involved in the incidental contamination of exhibits, as a 
result of exhibit handling and storage throughout the forensic process. To gain a greater 
understanding of the potential for evidence bags to act as DNA transfer vectors, samples 
were taken from evidence bags and forensic workspaces throughout a number of 
experiments. DNA from police officers, forensic staff and exhibits was detected on the 
exterior of exhibit packaging and within exhibit storage locations. The ability for DNA to be 
transferred between evidence bags and other substrates and permeate the porous surface of 
evidence bags was also examined under various conditions. This study gives an indication of 
the adequacy of current exhibit storage procedures, in-light of the highly sensitive DNA 
profiling systems currently used and ensures best practice exhibit handling procedures are 
identified and utilised throughout the forensic process. 
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O-39 SNP genotype imputation in forensics - A performance study 
 Andreas Tillmar*, Daniel Kling 
 *Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic 

Medicine, Linköping, Sweden 
  
 New forensic genetic applications may require dense SNP genotype datasets (hundreds of 

thousands SNPs) from a forensic sample (e.g. for investigative genetic genealogy, advanced 
DNA phenotyping and to infer distant kinships). Due to quality and quantity characteristics 
of forensic grade DNA, a large number of missing genotypes can be expected, which could 
hinder downstream applications. Genotype imputation is a method to predict such missing 
data and to increase the number of useful genotypes in the SNP dataset. The underlying idea 
with genotype imputation is that any two individuals, including apparently unrelated, share 
short segments of DNA from a distant common ancestor. By comparing observed genotypes 
from a forensic sample with a reference dataset, missing genotypes can be inferred from 
patterns in the reference data. While genotype imputation has been extensively studied in 
other areas (e.g. population genetics and medical genetics) to augment sparse genotype data, 
little attention has been given to its performance in forensic settings. The aim of the current 
study was to conduct a performance analysis in order to increase the knowledge of 
imputation for forensic applications, and to explicitly analyze under which circumstances it 
can be used. We applied a simulation based approach to create realistic forensic SNP 
genotype datasets for which genotype imputation was performed. We varied the number, 
density and quality of the observed genotypes (including genotype errors), and imputed the 
missing data with the software Beagle. We analyzed how the call rate and imputation 
accuracy varied for the different datasets, together with the impact of imputation settings 
like reference population properties. The result from our study shows that SNP genotype 
imputation can be useful to increase the number of SNPs for forensic grade samples. 
However, the imputation accuracy varies, as expected, and we will present and discuss 
under which circumstances. 
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O-40 Analysis of the genealogy process in forensic genetic genealogy 
 Lawrence Wein*, Mine Su Erturk, Colleen Fitzpatrick, Margaret Press 
 *Stanford University 
  
 The genealogy process is typically the most time-consuming part of forensic genetic 

genealogy, which is a new approach to solving violent crimes. We formulate a stochastic 
dynamic program that – given the list of matches and their genetic distances to the unknown 
target – chooses the best decision at each point in time: which match to investigate (i.e., find 
its ancestors), which set of potential most recent common ancestors (MRCAs) to descend 
from (i.e., find its descendants), or whether to terminate the investigation. The objective is to 
maximize the probability of finding the target minus a cost on the expected size of the final 
family tree. We estimate the  parameters of our model using data from 17 cases from the 
DNA Doe Project. We assess the Proposed Strategy using simulated versions of the 17 
cases, and compare it to a Benchmark Strategy that ranks matches by their genetic distance 
to the target and only descends from known common ancestors between a pair of matches. 
The Proposed Strategy solves cases 10-fold faster than the Benchmark Strategy, and does so 
by aggressively descending from a set of potential MRCAs between the target and a match 
even when this set has a low probability of containing the correct MRCA. 

 
  



44 
 

O-41 Whole genome sequencing compared to hybridization capture enrichment for 
development of SNP profiles from historical samples for GEDmatch searching 

 Jacqueline Tyler Thomas*, Janet Cady, Kimberly Sturk-Andreaggi, Jennifer Daniels-
Higginbotham, Timothy McMahon, Brian Spatola, Steven Armentrout, Ellen McRae 
Greytak, CeCe Moore, Charla Marshall 

 *AFMES-AFDIL, SNA International 
  
 Investigative genetic genealogy is a growing field of interest in forensics, and questions 

remain about the value of SNP capture enrichment over whole genome sequencing (WGS) 
for challenging samples. Using two 200-year-old bones, an initial comparison of untargeted 
WGS versus hybridization capture was completed using two panels: the myBaits Whole 
Genome Enrichment (WGE) Human panel and a genome-wide custom panel of 850,000 
SNPs. Although both capture methods increased the proportion of reads aligned to GRCh38, 
the WGE panel produced the highest percentage of on-target reads that coincided with 
increased read depth in both samples. Hybridization capture with the WGE panel also 
resulted in a 30% reduction in GC content, indicating a reduction in microbial DNA, in the 
sample with less human DNA overall. Imputed SNP profiles for both samples were 
sufficient for GEDmatch searching, which identified a shared relative in the top five 
matches of each sample (75 – 120 total shared centimorgans). The two samples were also 
predicted to be third degree relatives with strong statistical support. Additional historical 
bones and hairs will be tested to determine whether WGE is preferable for other challenging 
samples, with forensic requirements and cost-benefit ratio in mind.  
 
The opinions or assertions presented hereafter are the private views of  the speaker(s) and 
should not be construed as official or as reflecting the views of the Department of Defense, 
its branches, the Defense Health Agency, the U.S. Army Medical Research and Materiel 
Command or the Armed Forces Medical Examiner System. 

 
  



45 
 

O-42 Improving forensic SNP analysis with unique molecular indices 
 Adam Staadig*, Andreas Tillmar 
 *Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic 

Medicine, Linköping, Sweden; Department of Biomedical and Clinical Sciences, Division of 
Molecular Medicine and Virology; Faculty of Medicine and Health Sciences, Linköping, 
Sweden 

  
 One of the basis within the field of forensic genetics is to always strive against detecting as 

low amounts of DNA as possible, however, without jeopardizing the quality. The obtained 
DNA profile should still re present the true template DNA, free of technical artefacts such as 
PCR induced errors. One proposed solution to reduce artefactual errors and increase 
sensitivity is to introduce unique molecular indices (UMI), which are short random 
nucleotide sequences that are enzymatically ligated to each template molecule prior 
amplification. This results in that, theoretically, each initial template molecule has a unique 
UMI sequence and a consensus sequence can be created, which, in theory, would increase 
the limit of detection and decrease error rates. We have examined a UMI based QIAseq 
targeted DNA custom panel (QIAGEN) and have sequenced the DNA libraries on a MiSeq 
FGx (Verogen). Our custom panel comprises of an extensive all-in-one SNP panel 
consisting of ~5500 forensically relevant SNPs including ancestry, phenotype, identity and 
kinship informative markers as well as X- and Y-chromosomal SNPs. The high number and 
carefully selected SNPs makes the panel well suited for distant kinships as well as other 
forensic applications. Both challenging forensic samples as well as high quality reference 
samples have been tested. In addition, sensitivity, mixture and inhibition studies have been 
performed to demonstrate the power of UMI. We have shown that the use of UMI indeed 
decrease genotype errors and increase sensitivity and precision in the analysis. 
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O-43 Nanopore sequencing of forensically relevant targets 
 Olivier Tytgat*, Sonja Škevin, Dieter Deforce, Filip Van Nieuwerburgh 
 *Ghent University 
  
 Nanopore sequencing for forensic purposes has gained attention, mainly due to the 

portability of the platform. An overview of forensic applications will be provided, including 
mRNA analysis, epigenetics, mtDNA analysis, and non-human forensics. Our research 
focuses on STR sequencing, which yields added discriminatory power compared to CE, 
without the need for an up-front capital investment. Samples were amplified by the 
ForenSeq DNA Signature Prep Kit, targeting 58 STR and 94 SNP loci, followed by both 
Verogen and nanopore sequencing. Basecalling was performed using two state-of-the-art 
basecallers, Guppy and Bonito. An advanced alignment-based analysis method was 
developed, which lowered the noise after alignment of the STR reads to a reference library. 
Although STR genotyping by nanopore sequencing is more challenging, correct genotyping 
was obtained for all autosomal and all but two non-autosomal STR loci. Moreover, 
genotyping of iso-alleles proved to be very accurate. SNP genotyping yielded an accuracy of 
99% for both basecallers. The use of novel basecallers, in combination with the newly 
developed alignment-based analysis method, yields results with a pronouncedly higher STR 
genotyping accuracy compared to previous studies. 
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O-44 Novel single cell transcriptome and genome sequencing approach for genetically 
separating, characterizing and identifying individuals from biological mixtures 

 Lucie Kulhankova*, Diego Montiel Gonzales, Daniel Kling, Eric Bindels, Eskeatnaf 
Mulugeta, Manfred Kayser 

 *Erasmus University Medical Centre 
  
 Biological mixtures from multiple contributors are often collected at crime scenes, but 

despite several previous attempts based on different technologies, the identification of 
perpetrators from DNA mixtures remains largely unsolved. Here, we applied single cell 
transcriptome and genome sequencing coupled with a dedicated bioinformatics pipeline to 
solve the long-standing, societally relevant issue of forensic mixture deconvolution. Our 
novel approach automatically extracts different sets of single nucleotide polymorphisms 
(SNPs) for the different purposes from single cell transcriptome sequencing (scRNA-seq) 
data obtained from de novo generated blood mixtures and in silico data mixtures covering a 
varying range of individuals and their contribution ratios. For all balanced and imbalanced 
mixtures from up to 9 contributors with mixture ratios up to 1:60, we achieved a clear cell 
separation according to the contributing individuals. Sex and biogeographic ancestries from 
the maternal, paternal and bi-parental sides of the separated contributors were genetically 
determined correctly. Individual identification of the separated contributors was correctly 
achieved with likelihood ratios over 109 by matching with a whole exome sequencing 
reference database. Furthermore, our approach allows determining the tissue(s) of origin of 
the cells present in the mixture. To further increase the number of captured SNPs, thereby 
increasing the ability of deconvoluting more complex mixtures with more minor 
contributions, we applied single cell genome sequencing using the single cell chromatin 
accessibility assay (scATAC-seq) to various biological mixtures. With further development 
and validations, our novel single cell omics approach has the potential to solve the long-
standing issue of forensic mixture deconvolution allowing to genetically separate, 
characterize, and individually identify perpetrators who contributed to multi-person 
biological mixtures collected from crime scenes. 
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O-45 Targeted S5 RNA sequencing assay for the identification and direct association of 
common body fluids with DNA donors in mixtures 

 Jack Ballantyne*, Erin Hanson, Manuel Zamborlin, Shouyu Wang, Guro Dorum, Chantal 
Roth, Rob Lagace 

 *University of Central Florida, Orlando, FL, USA 
  
 The evidentiary value of crime scene DNA profiles can vary depending upon the context in 

which the DNA was found.  Linking a DNA profile to a particular cellular phenotype may 
aid in assessing its evidentiary relevance and value, particularly in mixtures. We report the 
development of a dual function high-resolution mRNA sequencing assay, BFID-cSNP-6F, 
for the Ion Torrent S5 platform that can identify the presence of 6 body fluids/tissues (blood, 
semen, saliva, vaginal secretions, menstrual blood and skin) and, via coding region SNPs 
(cSNPs) present in the body fluid specific mRNA transcripts, directly associate particular 
body fluids with their specific DNA donors in mixtures. The assay contains 23 markers for 
body fluid identification and 46 cSNPs within 20 genes. Software tools have been developed 
to infer the identity of the body fluids present (percent contribution) as well as provide the 
genotypes of the corresponding cSNPs. A concomitant genomic DNA assay has also been 
developed and is required to genotype the same cSNPs from persons of interest/ inferred 
contributors to the body fluid mixture. The specificity of the assay is demonstrated by the 
ability to identify the body fluid origin of single source and two-fluid admixtures. The power 
of discrimination for all body fluids is 0.957 – 0.997, with linkage disequilibrium taken into 
account. Reciprocal body fluid admixtures (mixture sets in which the same two donors are 
used but reversed body fluids between sets) are used to demonstrate the ability to identify 
the body fluid source of origin as well as associate the donor of each of the two fluids. A 
unique assay feature with the ability to differentiate between gDNA and mRNA amplicons 
and get an estimate of the level of residual gDNA in the sample will also be discussed. 
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O-46 An NGS-based 120plex microhap panel for forensic DNA mixtures analysis 
 Mengyu Tan*, Jiaming Xue, Ranran Zhang, Shengqiu Qu, Hui Jian, Yuanyuan Xiao, 

Guihong Liu, Yazi Zheng, Qiushuo Wu, Weibo Liang 
 *Department of Forensic Genetics, West China School of Basic Medical Sciences & 

Forensic Medicine, Sichuan University, Chengdu, 610041, Sichuan, P.R. China 
  
 The interpretation of mixture has always been the hotspot and difficulty in forensic practice, 

involving many complex factors such as the humoral types, the number and proportion of 
contributors. The detection and analysis of mixture are still mainly based on STR 
genotyping and capillary electrophoresis (CE) platform, and some studies have developed 
relevant mixture genotyping software. However, the resolution of the STR marker and CE 
platform is limited, and the detection process is affected by stutters, amplification bias, and 
other factors. Microhaplotypes (MHs) are new genetic markers characterized by high 
polymorphism and short amplicon, and the next-generation sequencing (NGS) technology 
has gradually matured recently. In this study, we developed a panel containing 120 MHs 
based on the NGS platform for the mixture analysis. The effective allele numbers (Ae) of 
each locus ranged from 6-70, and the polymorphism of our panel was higher than the 
published panels, which was conducive to analyzing the number and proportion of 
contributors to mixtures. Moreover, we planned to develop the probabilistic mixture analysis 
based on the NGS platform. Our panel and analysis method will help interpret the DNA 
mixture more effectively. 
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O-47 Novel cellular signatures for determining time since deposition for trace DNA evidence 
 Sarah Ingram*, M. Katherine Philpott, Christopher J. Ehrhardt 
 *Virginia Commonwealth University 
  
 With the increase in sensitivity of DNA profiling, questions about how and when the DNA 

was deposited have become a driving issue in forensic cases. To address this, we propose a 
novel and nondestructive method to determine time since deposition of trace DNA samples 
based on morphological and autofluorescence properties of individual epithelial cells that 
change over time following deposition. To develop this signature, a series of trace DNA 
samples were generated that were deposited through touch/handling a substrate and allowed 
to age anywhere between one day and one year prior to collection and analysis. Imaging 
flow cytometry (IFC) was then used to measure the morphology and autofluorescence 
profiles of individual epithelial cells within each sample followed by multivariate modelling 
and predictive classification.  
 
Results showed that trace epithelial cell populations could be classified with high accuracy 
(~90%) into one of three age groups: 2months. Differences across age groups were largely 
driven by decreases in brightfield contrast and increases in the intensity of autofluorescence. 
To further test this approach for forensic casework, 47 individual donor cell populations 
spanning each time deposition group were classified blindly against the remaining reference 
dataset. Blinded samples containing at least 75 cells and a posterior probability greater than 
0.90 showed classification accuracies ~95%. Accuracies for individual time groups were 
97% (2months) with an average posterior probability for all time groups approaching 0.96. 
This indicates that autofluorescence and morphological analyses may provide probative 
information regarding time since deposition for many types of trace DNA samples in 
forensic casework. 
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O-48 K-mer based approach for forensic applications of Microbiomics: predicting the origin 
of the sample 

 Michał B. Kowalski*, Kamila Marszałek, Alina Frolova, Kinga Herda, Agata Jagiełło, Anna 
Woźniak, Łukasz Nowak, Andrzej Ossowski, Rafał Płoski, Wojciech Branicki, Paweł Łabaj, 
Renata Zbieć-Piekarska 

 *Jagiellonian University, Malopolska Centre of Biotechnology 
  
 Microbiome and microbiome-associated data have been successfully applied in forensic 

studes. The full potential of this data is yet to be unveiled, and we are taking steps towards 
it. The biodiversity studies conducted on urban biomes, show that even within the same city, 
the microbiome profiles can vary very distinctively. Bearing in mind the the most of 
microorganisms on our planet had not yet been discovered, described and catalogued, we 
decided to take them into account as the source of unique genetic information to be analysed 
and interpreted in the novel, reference database free approach that utilizes all currently 
possible sequence information from the unprocessed whole-metagenome sequening (WMS) 
and targeted sequening (TS) data.   
 
The aim of our study is to predict the origin of the sample, based on fixed set of features. 
With use of the MetaGraph framework and about 1000 sequenced soil samples from Poland 
as “positive class” dataset versus MetaSUB & EMP500 collection as “negative class” 
dataset, we are able to extract those features in form of the longest common sequences 
(unitigs), which are country and sampling-site specific. For the forensic studies, such 
approach means that collected soil samples scan be sequenced with use of targeted panel and 
quantified, to obtain metagenomic profiles of high uniqueness. Such profiles can be used as 
input data for prediction of the origin of the sample, with Machine Learning techniques.   
Our proof of concept study consisted of data for 6 Polish cities: WMS samples as training 
dataset; TS samples as testing dataset. The approach we had tested forms a sequential 
pipeline, where samples are first clustered by their similarity to each other. Embeddings are 
then passed to the classifier, which predicts the probability of the origin of the sample. The 
results are very promising, indicating that application of k-mer based approaches will be a 
step towards new era in microbiomics for forensic applications. 
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O-49 Development of a nanoplate-based digital PCR assay for species identification with 
mixture deconvolution 

 Mirna Ghemrawi*, Amani Wanna, Bruce McCord 
 *Florida International University 
  
 In crime scenes, not all biological stains are human in origin. Some exhibits can be from 

pets living on the premises or from animal products used in food consumption. In addition, it 
could be necessary to test animal carcasses for other forensic purposes. Often such stains can 
include mixtures involving humans or other species. Thus, identifying and deconvoluting 
mixtures of species commonly found in and around a household can be crucial in forensic 
casework. Different molecular techniques have been employed for species identification 
such as immunoprecipitation, qPCR, and DNA sequencing.  
 
In this project a nanoplate-based digital PCR assay for species identification was developed, 
targeting human, dog, cat, cattle, swine, fish, and chicken in two multiplexes.  An internal 
positive control was also included in the design. The assay is simple, rapid, and exhibits 
high specificity with quantitative results.  Because the assay is digital, the procedure shows 
excellent sensitivity as in qPCR techniques for trace levels of target species, even in the 
presence of larger amounts of a major contributor, making the assay particularly useful in 
mixture deconvolution. Results demonstrating sensitivity, mixture determination, and the 
effect of various inhibitors will be shown. Overall, this assay presents the forensic 
community with a novel application in which digital PCR can provide a sensitive and 
specific determination of species. 
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P001 Analysis of an ancestry using cremated old human remains from the Korean war 

victims 
 Yu Na Oh*, J.H. Park 
 *Division of DNA Analysis, Ministry of National Defense Agency for Kia Recovery & 

Identification, Seoul, Republic of Korea & Institute of Forensic Science, Seoul National 
University College of Medicine, Seoul, Republic of Korea 

  
 Analysis of DNA from burnt bone fragment is very hard work for human identification in 

forensic casework. In general, cremated bone with artificial damage is more difficult to get 
intact DNA than singed one because of the chemically and biologically drastic changes such 
as protein denaturation and destruction. In this study, we make an attempt to best technical 
approach for the minimal damage and contamination of DNA from other factors in 
preconditioning and extraction process with over 70 years old burnt skeletal remains of the 
Korean War victims. First of all, we removed the pollutant and dust from burnt bones using 
dental instruments, and then incubated with EDTA buffer in 25℃ to eliminate inhibitor such 
as calcium and mineral. In order to compare DNA preservation ability between pellet and 
supernatant, samples are repeated to collect washed EDTA buffer several times to separate. 
Each of isolated materials is secondly cleaned with organic extraction method using phenol 
and we analyze mtDNA sequence using in-house method for ancestry assay. The better 
discrimination ability was shown in supernatant than pellet. Nevertheless many of the 
forensic geneticists using powdering method for getting more DNA, we applied EDTA 
buffer in preconditioning step to avoid every contamination. As a result, the contamination 
factor was efficiently removed and ancestry was estimated as same with written information. 
Consequently, cremated bone is identified as the D4 mtDNA haplogroup which is 
commonly reported in Asian especially Korean. This is a preliminary study as a way to 
human identification over ancestry estimation in case of possible mass disaster in the near 
future to prepare. Through the validation of effectiveness with easy to use and accumulate 
more data with difficult samples, we can apply in an improved human identification about 
already cremated old skeletal remains. 
 
1. T. Schwark, A. Heinrich, A.P. Prange, N.W-Schwark: Reliable genetic identification of 
burnt human remains, FSIG, 2011; Volume 5: p393-399 
2. M.V. Emery, K. Bolhofner, S. Winingear, R. Oldt, M. Montes, S. Kanthaswamy, J.E. 
Buikstra, L.C. Fulginiti, A.C. Stone: Reconstructing full and partial STR profiles from 
severely burned human remains using comparative ancient and forensic DNA extraction 
techniques, FSIG, 2020; Volume 46: p102272 
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P002 Automated DNA casework workflow: A retrospective study of the first implementation 
of FIDL at the Netherlands Forensic Institute 

 Alexander L.J. Kneppers*, Martin Slagter, Sophie Smit, Jord Nagel, Sietske Tuinman, 
Laurens Grol, Mariëlle Jegers, Corina Benschop 

 *Netherlands Forensic Institute 
  
 FIDL is a fast and automated DNA identification line which represents a series of software 

solutions automating the DNA profile analysis, contamination check, major donor inference, 
DNA database (DDB) search, comparison to case reference profiles, and reporting. 
Automatically reported conclusions are one of five options: 1) candidate retrieved from 
DDB, 2) no candidate retrieved from DDB, 3) match with reference within the case, 4) 
results require examination of expert, or 4) insufficient amount of DNA obtained to generate 
a DNA profile. FIDL was developed, thoroughly tested and validated and in a first phase 
implemented in forensic DNA casework in the Netherlands in 2021. In this development we 
first focused on automation for the major donor in a DNA profile as is being used in our 
high volume crime traces pipeline. With this retrospective study, we provide insight on the 
numbers of cases, runtime, and results compared to the regular (manual) casework workflow 
and thus the benefits automation can have in a large volume workflow. 
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P003 Evaluating population structure of Ecuador for forensic STR markers 
 Rodrigo Flores Espinoza*, AN. Angulo-Pozo, A. Garzón-Salazar, A. Cabrera-Andrade, E. 

Paz-Cruz, G. Burgos and L. Gusmão 
 *Laboratório de Diagnóstico por DNA (LDD), Universidade do Estado do Rio de Janeiro, 

Rio de Janeiro, Brazil 
  
 The Ecuadorian population resulted from continuous admixture among Europeans, Native 

Americans, and Africans. These events occurred differently throughout the territory, 
creating a stratified population. Therefore, when evaluating forensic evidence, appropriate 
adjustments, as the theta-correction, are commonly used to account for the degree of 
substructure affecting the population. To evaluate how the genetic diversity is partitioned 
along the country for 15 STRs, 845 admixed-population samples from Ecuador were 
analyzed. To capture the greatest genetic differentiation, we considered 3 different divisions 
of the territory. Two were based on geographical criteria: the natural regions, Pacific Coast, 
Andes and Amazonia (i); North, Center and South zones (ii). The third division also 
considers cultural and economic proximity, dividing the country in 7 zones (iii). AMOVA 
showed evidence of substructure for all divisions. However, the third division presented the 
lowest variation among populations within groups. We conclude that although the third 
division reduces genetic differentiation within the population, adjustments for population 
structure are still necessary to accurately assess forensic evidence. 
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P004 The effect of freezing, thawing and long-term storage on forensic DNA extracts 
 Christina Forsberg*, Lina Pettersson, Lina Boiso 
 * Swedish National Forensic Centre 
  
 Following forensic DNA analysis (extraction, quantification and STR typing) the remaining 

extract is generally stored frozen. Our routine at the Swedish National Forensic Centre is to 
immediately after analysis freeze the sample. If a subsequent reanalysis is needed the sample 
is thawed and then refrozen. In this study the effects of freezing and thawing as well as long-
term storage of DNA extracts in refrigerator or freezer have been investigated. The 
following sample types were extracted: two levels of blood, two levels of saliva, saliva on 
cigarette filter paper, saliva on cotton swabs and a combination of saliva and semen to 
mimic samples from sexual assaults. All extraction methods used were Chelex based, DNA 
quantification was performed using PowerQuant System and STR profiling with PowerPlex 
ESX 16 Fast System. The study was divided into three parts: 1) freezing and thawing the 
extracts for up to ten times, 2) storage in refrigerator or freezer for up to four weeks and 3) 
long-term storage in refrigerator or freezer where the samples were analyzed after 3, 6, 9, 12 
and 35 months. Generally, the quantification and STR typing results show no indication of 
degradation after repeated freezing and thawing or long-term storage in refrigerator or 
freezer. 
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P005 Targeted sampling of dentin and cementum from historical teeth for optimal recovery 
of mitochondrial and nuclear DNA through massively parallel sequencing 

 Courtney Cavagnino*, Charla Marshall 
 *AFMES-AFDIL, SNA International 
  
 Teeth are commonly examined in DNA studies, and previous research has indicated that 

cementum is the optimal source of DNA from teeth. However, environmental factors and 
chemical treatment, such as formalin embalming, may affect DNA recovery in forensic 
casework. This study aims to identify which dental tissues serve as the best source of 
mitochondrial and/or nuclear DNA using historical teeth from World War II and Korean 
War losses. DNA was extracted via the Dabney method from the dentin and cementum of 
four chemically treated and four non-treated teeth, for a total of sixteen DNA extracts. 
Genomic libraries underwent both mitogenome and FORCE hybridization capture to 
examine the DNA content of each dental tissue. Full mitogenome coverage was obtained for 
all non-treated teeth and one chemically treated tooth, regardless of tissue type. Initial 
FORCE panel data resulted in only one non-treated cementum sample with >1000 SNPs 
covered, indicative of reliable data that can be used in kinship analysis. Zero SNPs were 
covered at the 10X threshold for all chemically treated teeth. Further work will include a 
second round of hybridization capture for all samples in an effort to increase the number of 
SNPs recovered.  
 
Disclaimer: The opinions or assertions presented hereafter are the private views of  the 
speaker(s) and should not be construed as official or as reflecting the views of the 
Department of Defense, its branches, the Defense Health Agency, the U.S. Army Medical 
Research and Materiel Command or the Armed Forces Medical Examiner System. 
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P006 A novel technique for the extraction of human hair follicle DNA confirmed with real 
time PCR utilizing QuantifilerTM Duo 

 Dennis J. De Luca*, Alexandra Scott 
 *Ohio Northern University 
  
 Hair is persistent trace evidence and is found at a majority of crimes scenes. However, hair 

evidence has been often overlooked as viable evidence because of the lack of easy and 
reliable isolation of DNA from a single-hair. This investigation utilized the nexttec™ 
cleanColumns Special Protocol for DNA Isolation from a single hair. Hair specimens 
(N=45) were collected from nine volunteers with collections from the head and trunk. 
Evaluation of follicular tags was performed by brightfield microscopy with the Panthera L 
microscope and area estimates (2-D) of follicular tags were calculated. The specimens were 
documented using the Life Technologies EVOS® FL Cell Imaging System then stained with 
fluorescent NucGreen™ Dead 488 and rephotographed. Follicular portions of individually 
anchored hairs were collected and placed in Eppendorf Lo-Bind DNA microcentrifuge tubes 
for digestion and purification. Yield gel electrophoresis was used to verify the DNA 
recovery, followed by quantification with Quantifiler™ Duo using Real-Time PCR on the 
ABI Fast DX 7500 thermal cycler. The concentration of autosomal DNA ranged from 0 
picograms/µl to 2785 picograms/µl (N=45) whereas the recovered male DNA 
concentrations ranged from 0 picograms/µl to 2655 picograms/µl (N=35). Regression 
analysis was performed and R² for autosomal DNA was 0.5155 while for the Male DNA the 
R² was 0.6343. These results clearly demonstrate the validity of the nexttec™ cleanColumns 
for the recovery of quantifiable human DNA using single human hairs. 91% of the samples 
extracted (41/45) yielded a sufficient recovery of follicular tag DNA that would be useful 
for STR genotyping. 
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P007 Comparison of operational DNA recovery methods: Swabs versus tapelifts 
 Georgina E. Meakin*, Isabella Burmuzoska, Katherine Hogg, Jennifer Raymond, Catherine 

Hitchcock 
 *Centre for Forensic Science, University of Technology Sydney and Centre for the Forensic 

Sciences, University College London 
  
 For DNA recovery, it is routine among many jurisdictions for tapelifting to be used on 

porous surfaces (e.g. clothing) and swabbing on non-porous surfaces (e.g. tool handles). 
However, anecdotal evidence and emerging data suggest that tapelifts could be superior to 
swabs on non-porous surfaces. Here, we examine this by comparing the efficiency of our 
jurisdiction’s specific swabbing and tapelift techniques on a range of porous (cotton, denim 
and polyester) and non-porous (tile, brass and synthetic leather) surfaces. The specifics of 
the techniques employed are tailored to the automated DNA processing pipeline utilised 
within the DNA laboratory. For swabbing, a single swab is moistened on one side, applied 
to the surface and then turned so that the drier side is applied. For tapelifting, tapelifts have 
been produced to a specific size to fit the robot-ready tubes when rolled up. To test DNA 
recovery efficiency, 30ul aliquots of 1:50 and 1:100 saliva dilutions were deposited onto the 
surfaces (5 replicates per dilution per surface per recovery method: n=120 plus controls), left 
to dry overnight, recovered, extracted, quantified and a subset profiled. Tapelifts recovered 
significantly more DNA, and better quality profiles, than swabs from the 1:50 saliva dilution 
on all non-porous surfaces and the 1:100 dilution on polyester and denim. For non-porous 
surfaces, similar DNA quantities and profiles were recovered with both methods for both 
saliva dilutions, apart from the 1:100 dilution on tile, for which swabbing recovered 
significantly more DNA than tapelifting.  These data underpin the current practices to 
recover DNA using tapelifts for porous substrates and swabs for non-porous substrates. 
These data also revealed severe degradation of DNA recovered from brass, supporting the 
on-going need to improve DNA recovery and analysis methods for brass substrates. 
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P008 Examination of pretreatment methods for DNA extraction from nails 
 Eriko Ochiai*, Minoru Asogawa, Wataru Irie, Chizuko Sasaki, Naomi Nakamaru, Momoko 

Sakamoto, Junpei Nagato, Junichiro Saito, Masatoshi Sugisawa, Fumiko Satoh 
 *Department of Legal Medicine, Kitasato University School of Medicine 
  
 In DNA analysis for personal identification of unidentified remains, nails are often used as 

samples when the body is decomposing and degenerating. In the conventional method of 
DNA extraction from nails, it takes approximately half to a whole day to dissolve the nails, 
and larger quantities of DNA cannot be obtained compared with those from blood samples. 
Therefore, we examined whether using the horizontal nail mashing (HONMA) method, in 
which pressure is applied to the nail to crush it flat and increase its surface area, would 
improve DNA extraction efficiency. Fingernails (5 mg) provided by five volunteers were 
used as samples. Nail pieces (1-3 pieces) shredded with nail clippers were thinly stretched 
by applying 2 t of pressure to each piece using a hydraulic press (NEC Corporation). DNA 
was extracted using the QIAamp DNA Investigator Kit (Qiagen), with incubation at 56 °C 
for 10 min and 1 h during the proteolysis process. As a control, DNA extraction from 
unprocessed nails was performed with 10 min, 1 h, and overnight (18 h) incubation. The 
extracted DNA was quantified using the Quantifiler Human DNA Quantification Kit 
(Thermo Fisher Scientific). The DNA yield from nails pretreated using the HONMA method 
was increased by 0.20-5.14 times (average of 1.84 times) compared with that from 
unprocessed nails. In addition, the HONMA method resulted in an average of 1.31-fold 
increase in DNA yield compared with the overnight case, even after a short incubation time. 
However, the effect of the HONMA method varied widely among individuals, and the 
amount of extracted DNA decreased in some cases, suggesting that the yield may differ 
depending on the quality of the nail. We plan to apply the HONMA method to the nails of 
actual cadavers. 
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P010 DNA preservation in bone under field conditions 
 Hannah Bauer*, Andres López Quintero#, José Miguel Moreno Ortiz#, Jorge Adrián 

Ramírez de Arellano Sánchez#, Marielle Vennemann, Marianne Schürenkamp, Sabrina 
Banken, Ulla Sibbing, Heidi Pfeiffer, Hannah Bauer  

 *Institute of Legal Medicine, University of Münster, Röntgenstrasse 23, 48149 Münster, 
Germany; # contributed equally 

  
 Background: Often, bones are the only biological material left for missing person 

identification. As situations may occur where samples need to be stored for an extended 
period without access to cooling, appropriate storage of the bone samples needs to be 
assessed for maintaining the integrity of DNA for STR profiling. 
  
Aim: Evaluation of the effects of bone preparation, buffer composition, storage temperature, 
and transportation time on DNA recovery from bone samples. 
  
Methods: Pig bone samples were cut into pieces weighing approximately 2g and stored in 
triplicates. Bones were cleaned from flesh either completely or roughly. Three preserving 
substrates were tested: TENT (Tris 10mM, EDTA10mM, NaCl 1M, Tween 20 2%), solid 
NaCl, and Ethanol 99%-EDTA 10mM. Bones were stored at room temperature (21°C) or in 
an oven (35°C) with 10, 20, and 30 days of storage. After incubation, the bones were 
cleaned, dried for 2h at -80°C, and ground to powder. DNA was extracted using the 
PrepFiler Express BTA™ Forensic DNA Extraction Kit. DNA quantification was performed 
using the QuantiFluor®dsDNA system. 
  
Results: From preliminary results, the preserving substrate seems to have the highest impact 
on DNA preservation compared to temperature and bone cleaning. DNA recovery from 
bones stored in pure NaCl or ethanol/EDTA was significantly higher compared to bones 
stored in TENT. Grinding of bones was facilitated by the extent of dehydration of bone 
samples in NaCl and Ethanol/EDTA compared to TENT buffer. 
  
Conclusion: The performance of solid NaCl and ethanol/EDTA was found to be superior 
over TENT regarding DNA recovery and sample processing. Both NaCl and ethanol/EDTA 
provide suitable preserving substrates for bone samples requiring no cooling/freezing during 
storage. NaCl has the additional benefit of being non-hazardous and non-fluid, facilitating 
transport between sites. 
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P011 forensicGEM™ extraction optimization and timed study for recovery of DNA from 
SERATEC® immunochromatographic test strips 

 Jillian Conte*, Dylan Carroll, Gabriela Roca 
 *MicroGEM, US 
  
 The presumptive identification of a bodily fluid can help provide context to a case and/or 

corroborate victim and/or witness statements. Essentially, the identification of a bodily fluid 
provides the analyst with more knowledge of which samples to perform DNA testing on. 
Our group has previously demonstrated the ability to obtain semen and saliva DNA from 
SERATEC® immunochromatographic test strips. In this previous work, five DNA 
extraction methods were used. Based on the results of that study, the forensicGEM 
Universal and forensicGEM Sperm Kits were used to optimize the DNA extraction method, 
herein. The temperature program and reaction components were varied to determine the 
optimal reaction conditions. Additionally, a timed study was conducted to determine if used 
immunochromatographic test strips will retain and then release cells containing DNA. The 
times studied were t = 0, 2 hours, 1 day, 1 week, 1 month, and 3 months for both saliva and 
semen.  From this research, we have learned how to optimally recover DNA from saliva and 
semen on tested lateral flow strips and determined if time has an impact on when the DNA 
needs to be extracted from the testing strip. This is additional information that can help 
crime labs implement this approach into their workflow. 
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P012 New workflow for human identification from degraded bone material? Evaluation of 
quality and quantity of DNA from skeletal remains 

 Joanna Arciszewska*, Sandra Cytacka, Maria Szargut, Grażyna Zielińska, Dagmara Lisman, 
Jarosław Piątek, Andrzej Ossowski 

 *Department of Forensic Genetics, Pomeranian Medical University in Szczecin, Poland 
  
 Along with the development of forensic genetics, the approach to revealing and securing 

biological traces has changed. The main task is to obtain good quality DNA which is 
essential in the genetic profiling process. An important aspect of laboratory work with 
degraded material is a selection of a sample that poses the highest chance to enable positive 
identification results. 
 
The research was carried out based on twenty skeletal remains of people who died in the 
years of 1939-1945. Forensic genetics from Pomeranian Medical University in Szczecin 
examined a total of 720 samples, coming from twelve different parts of the human skeleton. 
Fragments of the petrous part of the temporal bone, teeth, vertebrae, ribs, fragments of the 
pelvis, humeri, radii, ulnae, femurs, tibiae, fibulae and phalanges were cleaned mechanically 
and chemically, afterward ground in liquid nitrogen. The prepared bone powders were 
subjected to isolation of the genetic material using the PrepFiler BTA Forensic DNA 
Extraction Kit. The next steps were real-time PCR, DNA amplification and capillary 
electrophoresis. Evaluation of the purity of the isolate were assessed during analysis of STR 
profiles. Statistical analysis was prepared from the obtained results. 
 
The results are as follows: the highest DNA concentration in the samples occurs in the 
petrous part of the temporal bone (0,15846 ng/μl), successively in the tooth (0,05235 ng/μl) 
and ulna (0,00906 ng/μl). Another factor that was analyzed was the completeness of the STR 
profile obtained, expressed as a percentage of alleles obtained from the sample within the 
highest number of alleles obtained from any of the samples from that particular skeleton. 
Here the mean results are as follows: 84% in samples from the petrous part of the temporal 
bone, 48% from teeth and 26% from tibias. The results of the study will impact the 
methodology of the human identification process in both mass disasters and ancient DNA 
studies. 
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P013 Comparison of the SpermX™ method to a traditional differential extraction method 
using known female/male mixtures 

 Justina A. Nichols*, Thomas V. Walsh, Joanne B. Sgueglia, Megan M. Foley, Kevin M. 
Legg, Sudhir K. Sinha 

 *Thomas Jefferson University and The Center for Forensic Science Research and Education 
  
 Sexual assault samples often contain few sperm cells and may not generate usable male 

autosomal-STR profiles using traditional differential extraction (DE) methods due to sperm 
cell loss. The SpermX™ (SX) device was developed using a nanotechnology derived 
polymer membrane designed to trap sperm cells while allowing epithelial cells to flow 
through. In this study, the SX method will be compared to a traditional DE method using the 
Qiagen™ EZ1® Advanced XL for purification of the lysates. Eight sets of six swabs at 
different prepared mixture ratios have been created to perform the study. For each set, three 
swabs will undergo the SX method, and three swabs will undergo the traditional DE method. 
The qualitative and quantitative results will be compared to determine if there is a 
significant difference between the methods, including the difference between experimental 
and expected values to determine recovery percentages. Initial testing was performed on 
three sample sets using the traditional DE method. Values between the three swabs for each 
set were consistent. Results indicate that male DNA was carried over to the epithelial 
fractions (EF). When examining an extract in Set A, the total Y DNA in the sperm fraction 
(SF) and EF was 3.46 ng and 3.30 ng, respectively. Though the SF demonstrated that the 
majority of the female epithelial cells were separated, the traditional DE method resulted in 
a high quantity of male DNA transfer into the EF from sperm cells and/or other non-sperm 
cell sources such as white blood cells and epithelial cells. The SX membrane is designed to 
remedy this issue. Initial testing of the SX method demonstrated that it can effectively 
isolate sperm cells from low level samples. The next phase is to test the SX method using 
the eight swab sets and run the remaining five sets using the traditional DE method. This 
study can determine if a better method for low level sperm cell separation is available to 
generate more complete male STR profiles. 
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P014 Comparisons of modified protocols for enhanced DNA profile recovery from FTA®-
deposited urine sample 

 Korapin Srisiri*, Achirapa Bandhaya 
 *Forensic Science Unit, Faculty of Science, Mahidol University 
  
 Several studies have investigated the use of FTA® cards as a convenient tool for storing 

urine samples for authentication by DNA, as they allow the specimen to be kept at room 
temperature for extended periods of time. However, generating complete STR profile from 
some FTA®-deposited urine samples remains challenging due to low levels of genetic 
material content. This work therefore aims to evaluate the effects of two DNA template 
preparation methods from FTA® punches on the success rates of STR profiling from urine 
samples. Urine specimen from a female volunteer with no observable pellet after 
centrifugation will initially be used as a representative of particularly low-yield sample. 
Aliquots of 1 and 2 mL of the urine will be centrifuged at 10,000 x g for 10 min and the 
pellet will be deposited on FTA® card. A punch of 2 mm will be collected from each 
sample, and will be subjected either to washing according to the manufacturer’s protocol, or 
extraction using Prepfiler™ Forensic DNA Extraction Kit. Amplified STR fragments from 
these samples will be generated using AmpFlSTR® Identifiler® Plus PCR Amplification 
Kit, and analysed using 3500 Genetic Analyzer and GeneMapper™ ID-X Software v1.6. 
The quality of DNA profiles produced will also be compared with those of the DNA extracts 
using QIAamp® DNA Micro Kit. The optimised protocol will then be tested on urine 
samples from three male volunteers. It is expected that the modified protocol will greatly 
improve the success rates of STR typing from these low-yield urine samples, and enable 
development of a robust, reproducible, and universal protocol with minimal consumption of 
sample for all urine specimen regardless of the individual’s shedding status. 
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P015 DNA extraction of burnt bone and teeth casework samples using bead-beating 
homogenization technique 

 Pagparpat Varrrathyarom*, Kornkiat Vongpaisarnsin, Tikumphorn Sathirapatya 
 *Forensic Medicine Department, Faculty of Medicine, Chulalongkorn University 
  
 Sample disruption is necessary step for isolation of genetic materials. Bone and teeth are one 

of the biggest challenge types of tissue samples in forensic cases due to their toughness and 
hardness properties. The most popular bone preparation was cryogenic grinding using liquid 
nitrogen. However, this method was still laborious and time consuming. A better 
pulverization should be applied to achieve the best result in genetic profiling. The bead 
beating homogenizer was used with casework samples. The burnt cracked bone and tooth 
sample that recovered from house fire were send to the laboratory for forensic DNA 
analysis. After cleansed outer surface, the 8 multidirectional motion tissue homogenizer, 
Precellys® evolution was utilized to pulverize bone and tooth and then DNA extraction and 
quantification were carried out before analyzed by capillary electrophoresis. Full profiles of 
autosomal STRs and Y-chromosomal STRs were recovered from tooth sample but partial 
profile was demonstrated in bone sample. The new technique in bone homogenization is less 
time consuming (around 30 seconds), less exposure to chemical agents (no need of liquid 
nitrogen), high efficiency, with high-throughput productivity. 
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P018 DNA extraction and STR profiling from histological slides 
 Viktor Soma Poór*, Marah Alhabahbeh, Vivien Fejes, Gábor Kovács, Zsolt Pádár 
 *Department of Forensic Medicine, Medical School, University of Pécs, Hungary 
  
 Formalin-fixed paraffin-embedded (FFPE) tissue blocks are commonly used in the field of 

pathology and forensic pathology as a source of histological slides. Time to time, the need of 
providing an STR profile from an FFPE block arises, usually due postmortem identification 
or paternity cases. While both formalin and xylol (used for removing the paraffin) are well 
known to decrease DNA integrity, DNA extraction from FFPE blocks are part of the routine 
investigations, its protocols are well established, there kits optimized for this purpose. 
However two cases of our cases, where we had to provide STR profiles from microscope 
slides, instead of full FFPE tissue blocks highlighted that there are methodological 
questions, which are far less addressed. The limited amount of tissue, the mounting medium 
and the need to remove the cover slide all pose a challenge on their own. 
 
DNA extraction tests were performed on 3- to 7-year-old histological slides. Xylol was used 
to dissolve the mounting medium to facilitate cover slide removal. It was found that shaking 
the sample while bathed in xylol, decreased the incubation time from three days to two days. 
This not just reduced the processing time, but increased the quality of acquired STR profiles: 
on average 30% more alleles were detected from the shaken samples compared to the still 
bathed ones. 
 
Preliminary results showed no difference in the detected alleles between hematoxylin-eosin 
stained and unstained samples, but further experiments are necessary to fully explore the 
effect of different staining methods of STR profiling. 
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P019 Evaluation of DNA extraction from aged bone without demineralization 
 William Goodwin*, Sibte Hadi, Sasitaran Iyavoo 
 *University of Central Lancashire 
  
 Bone is one of the of the most challenging sample types in forensic genetics necessitating 

extra steps compared to the cellular material and soft tissues, and additional challenges that 
can come from PCR inhibitors. 
 
We assessed the performance of five DNA extraction methods using bone powder with no 
demineralization step: ChargeSwitch® gDNA Plant Kit, DNA IQTM System Kit, DNeasy® 
Blood & Tissue Kit, PrepFiler® BTA Forensic DNA Extraction Kit and phenol chloroform-
isoamyl alcohol. DNA was extracted from pig rib and femur bones that had undergone 
surface decomposition for three months to one year; the performance of the different 
methods was then assessed using casework samples from Malaysia. Extracted DNA was 
analyzed using real-time PCR and an in-house PCR multiplex. 
 
All methods produced relatively high yields of DNA from both pig rib and femur samples 
that could be amplified without any inhibition. The phenol-chloroform based method 
consistently yielded the highest amounts of DNA and DNA IQ™ the lowest. Thirty 
casework samples were processed; the yield of DNA from these was approximately 100-fold 
lower, with phenol-chloroform producing the highest yields, followed by PrepFiler® and 
DNA IQTM. PCR inhibition was present in many of the extracted samples, but lowest in the 
PrepFiler® extracts. 
 
The data demonstrate that with good quality bone samples any of the tested methods can 
isolate DNA that can be successfully analyzed; however, with more challenging casework 
samples, PrepFiler® performed best in terms of amplifiable DNA and removal of PCR 
inhibitors. The effective use of internal PCR controls is also demonstrated. 
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P020 Nuclear DNA typing with rootless hair samples 
 Anders Holmer*, Maryam Sharafi Farzad, Helle Smidt Mogensen, Cathrine Bie Petersen 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Denmark 
  
 Human hair is one of the most frequently found samples at a crime scene. Hair cell 

keratinization and necrosis occur during the telogen phase of the hair growth cycle, and 
results in degradation of DNA and reduces the chance of nuclear DNA (nuDNA)  profiling. 
Here, we tested 126 telogen scalp-hair samples using nuclie staining with the DiamondTM 
Nucleic Acid Dye (Promega), and extracted DNA using PrepFiler Express BTA™ Forensic 
DNA Extraction (Thermo Fisher Scientific, TFS), EZ1 DNA Investigator, or Qiaquick 
nucleotide Removal (Qiagen) kits. The DNA was  quantified using Quantifiler™ Trio kit 
(TFS) or using Quantifiler™Human (TFS) kit and concentrated in a SpeedVac DNA 130 
vacuum (TFS). Finally, the DNA was typed using the Investigator DIPplex® (Qiagen), 
InnoTyper® 21 (InnoGenomice), or Precision ID GlobalFiler NGS STR Panel V2 (TFS) 
kits. 
 
We found that 1) the number of nuclei in a telogen hair directly correlated with the amount 
of DNA, 2) the solid-phase DNA extraction methods performed similarly, 3) five times 
reduction in DNA volume did not affect amplification efficiency and 4) nuDNA typing of 
one telogen hair with 2 cm length is possible if the amplicons are shorter than 150 base 
pairs. 
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P021 Comparative study of two methods of DNA extraction from dental pieces 
 Yeny Cecilia Posada Posada*, Sara Helena Cardona Toro, Adriana Alexandra Ibarra 

Rodríguez 
 *Member of the ISFG and the GHEP 
  
 Colombia is a country with an internal armed conflict of more than 60 years, where forensic 

sciences claim a vital role in strengthening transitional justice within the framework of the 
peace process. It is enough to look at the statistics of unidentified bodies, to realize how 
lagging behind the identification process in Colombia; where according to figures from the 
Life application: Life data there are around 26,660 to 35476 unidentified bodies that despite 
the joint effort of agencies, such as the Search Unit for Persons Reported Missing, Legal 
Medicine and the Attorney General's Office, have not yet been delivered to their families 
(UBPD, 2020). For this reason, it is necessary to recognize the massive task that forensic 
specialists have of proposing new proposals that optimize identification processes. 
Understanding this need, the IdentiGEN Laboratory compared two methods of DNA 
extraction from teeth, the ChargeSwitch Forensic DNA Purification Kit (Invitrogen) and the 
QIAamp® DNA Mini Kit (Qiagen), to determine which of the two allowed to optimize, not 
only the analysis time but the application costs with respect to the conventional method used 
for these matrices. To do this, DNA extraction was performed with each kit and 
subsequently quantified the extracts by fluorometry, demonstrating that although both 
methods are highly efficient in time and costs; the QIAamp® DNA Mini Kit (Qiagen) 
method presents a higher yield in terms of the amount of genetic material obtained. Finally, 
the teeth analyzed using the Commercial PowerPlex® Fusion System (Promega) kit were 
successfully typified, evidencing not only that these matrices present a viable source of 
DNA obtaining but that it is possible to continue perfecting the extraction methods so that 
they are increasingly simple, economical and effective. 
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P022 Separation of sperm and epithelial cells based on fluorescence-activated cell sorting 
 Kristina Fokias*, Bram Bekaert 
 *KU Leuven 
  
 The detection and separation of spermatozoa is crucial in the forensic investigation of 

alleged sexual assault cases. Differential lysis and microscopy-based techniques are 
conventional methods for the isolation of spermatozoa, though are time-consuming and 
frequently fail with samples containing an unfavourable epithelial/sperm cell ratio. 
Successful separation by means of fluorescence-activated cell sorting (FACS) has 
previously been reported, yet little efforts have been dedicated towards the further 
improvement or routine implementation of this technique. With this ongoing research, a 
methodology is being developed to sort sperm from epithelial cells by combining the Sperm 
Hy-LiterTM stain kit and FACS. Sorted sperm cells are then subjected to a direct lysis and 
low volume PCR protocol. Preliminary results demonstrate the successful separation of both 
cell types and indicate that as few as 10 spermatozoa consistently yield full STR profiles. 
The sensitivity and specificity of this procedure will be determined and compared with 
differential lysis by parallel testing of samples with different epithelial/sperm cell ratios. The 
compatibility of the described cell collection method with next generation sequencing will 
be explored. 
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P025 Recommendations on the optimal tissue types from altered human remains to improve 
short tandem repeat (STR) typing success rates 

 Alina Senst*, Amke Caliebe, Matthias Drum, Martin Zieger, Eva Scheurer, Iris Schulz 
 *Institute of Forensic Medicine, University Basel, Pestalozzistrasse 22, 4056 Basel, 

Switzerland 
  
 The DNA-based identification success of altered corpses relies on the material condition and 

associated DNA quantity and quality. However, a considerable variation and partly even 
contrary suggestions for the best-suited tissue types have been published. Thus, the aim of 
the presented multicentre project was to develop recommendations on the optimal tissue 
from altered corpses with their diverse degradation degrees. The influence of two DNA 
extraction methods and the STR typing success of capillary electrophoresis (CE) and Next 
Generation Sequencing (NGS) based methods were compared. In total, 19 different soft and 
hard tissues from 102 deceased were investigated. 
 
The highest mean DNA yields (530 ng/μl) were found in spleen samples from corpses with 
initiating signs of decomposition (SwabSolution Kit extraction, Promega). The greatest 
degradation indices of > 0.80 were shown in vertebral disc samples from corpses with 
initiating, advanced and high degrees of decomposition (Maxwell FSC DNA Kit extraction, 
Promega). Regarding profile completeness, blood samples revealed typing success rates of 
100% for each degree of decomposition. Compared to CE, evaluation of all tissue types 
showed significantly higher STR profile completeness with NGS. Overall, the established 
guidelines present optimal tissue types for each degree of degradation to improve the 
identification success of altered human remains at the first attempt. 
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P026 Predicting the optimal STR profile amplification set up from QuantiFiler™ Trio data 
 Mikkel Eriksen Dupont*, Marie-Louise Kampmann, Ditte Mikkelsen Truelsen, Cathrine Bie 

Petersen, Jeppe Dyrberg Andersen 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Denmark 
  
 QuantiFiler™ Trio (QFT) is a common method for quantifying DNA prior to STR profile 

analysis in forensic genetic casework. The quantification by QFT includes a Small 
Autosomal (SA) target (80 bp), Large Autosomal (LA) target (214 bp), a Human Male target 
(75 bp), and an Internal PCR control (IPC). The ratio between the SA and LA gives an 
indication about the level of degradation and the IPC gives an indication about the level of 
inhibition. The aim of this study is to predict if the STR profile of a sample is degraded or 
inhibited based on the QFT data. STR profiles from 6284 forensic single source trace 
samples were classified as either ‘good’, ‘degraded’ or ‘inhibited’ based on data from the 
AmpFLSTR™ NGM SElect™ PCR Amplification kit (Thermo Fisher Sci.). These STR 
profiles will be compared to the information retrieved from QFT of the same sample, and a 
prediction model will be made. With the prior knowledge about STR profile degradation or 
inhibition, the STR profile PCR amplification can then be set up with the needed 
modifications from the start such as increased amount of DNA or reduced volume of the 
extract. This will potentially eliminate re-amplification steps and thus reduce the reporting 
time of forensic laboratories. 
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P027 Mitochondrion QuanTRIplex: a new panel for direct mitochondrial DNA quantitation 
 Santiago Ginart*, Lucía Garrigós Calivares, Maria Josefina Castagnola, Mariela Caputo, 

Andrea Sala, Daniel Corach  
 *Servicio de Huellas Digitales Genéticas, Facultad de Farmacia y Bioquímica, Universidad 

de Buenos Aires 
  
 Human DNA quantification has become an essential analysis to guarantee the quality of 

studies based on PCR amplification. Mitochondrial DNA (mtDNA) analysis has been 
implemented for diagnosis, genealogy, evolutionary studies, population genetics, 
ecotoxicology, ancient and/or degraded DNA, identification of animal species and human 
remains analysis.  
 
The objective of this work was to develop a multiplex system for direct quantification to 
determine mtDNA copy number by means real time PCR in samples of forensic interest. 
Additionally, high-resolution melting was used to discriminate targets and to infer 
mitochondrial molecule integrity. 
 
Targets located in different regions of the mitochondrial genome were designed and melting 
profiles were simulated with uMelt Batch Software. Amplification specificity was confirmed 
by UCSC In-Silico PCR software. Reaction cocktail was set up with standard reagents in 
presence of SYTO 9 intercalating agent and amplifications were carried out on the micPCR 
cycler (Biomolecular Systems). 
 
Three targets located in different thirds of the mitochondrial molecule were selected: 1) 
Cytochrome B (63 bp; Tm ≈ 74.5 °C); 2) ATP6 (100 pb; Tm ≈ 81.0 °C); 3) ND1 (120 pb; 
Tm ≈ 85.5°C). Wide dynamic range and high sensitivity was observed.  Amplification 
(threshold cycle) and specific melting peaks were observed among 10E8 to 10 copies/µL of 
synthetized DNA standards dilutions. Calibration curves performed in five independent runs 
were suitable for quantification purposes (m= -3,480 ± 0,06; E = 0,939 ± 0,02; R2 = 0,994 ± 
0,003). The designed triplex panel allowed to quantify 50 samples derived from human hair 
that had been previously analyzed for mtDNA (amplification of hypervariable regions 1 and 
2) and the obtained results were ranged between 11-8036 copies/µL.  
 
A low-cost mitochondrial DNA quantification panel compatible with any real-time PCR 
platform was developed. 
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P028 Cost/benefit systems approaches for forensic genomic budget justifications 
 Bruce Budowle* 
 *Regents Professor - Retired/Consultant 
  
 Technology and supporting tools for forensic genetic/genomic analyses continue to develop 

at a rapid pace. While many of these developments offer enhancements, particularly in yield, 
sensitivity of detection, and genetic information, they often are relatively more costly to 
employ than existing systems. Forensic laboratories at times resist implementation of new 
technologies because of the real increased costs to their in-house budgets. However, this 
narrow assessment of cost may not be advantageous to the laboratory and can be detrimental 
to provide the best service to a customer and may not serve society as well as can be 
possible. Instead of focusing solely on the in-house budget, laboratories should consider a 
systems approach and prepare a cost/benefit analysis that shows tangible and intangible 
benefits. Bounded worst-case and best-case benefits (as well as mean estimates) can be 
constructed to convey overall system impact. As an example, herein a simple scenario of 
using a more expensive nylon swab compared with less expensive swabs (i.e., rayon and 
cotton) is used to demonstrate the cost/benefit process and what may be considered and 
overall impact on the system (the system is defined as victim, family, community, society). 
The benefit areas considered that will be presented in detail are DNA recovery, increased 
number of DNA profiles generated, increased number of uploads to a database and 
subsequent increase in hits, increase in labor, reduction of future victims, medical costs, 
public assistance and adjudication costs, and intangible costs. This same exercise can be 
applied to seemingly more expensive advanced seemingly more expensive advanced 
technologies such as MPS. With such analyses laboratories would be in a better position to 
support requests for increased budgets as they will be able to indicate the substantial impact 
and cost savings that will ensue. A systems approach should be a routine part of a 
laboratory’s projected operational plan. 
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P029 Validation of the MiSeq FGx system - Optimising massive parallel sequencing methods 
to improve the results of challenging samples from decomposed human remains 

 Iris Schulz*, Alina Senst, Amke Caliebe, Eva Scheurer 
 *Institute of Forensic Medicine, University Basel, Pestalozzistrasse 22, 4056 Basel, 

Switzerland 
  
 The proceeding developments in Next Generation Sequencing (NGS) technologies enable 

increased discrimination power for short tandem repeat (STR) analyses and provide new 
possibilities for human identification. The aim of the presented validation study was to 
investigate sensitivity, reproducibility, mixed and degraded samples, concordance, etc. 
Furthermore, optimizations regarding additional PCR purification, pooling adjustments, and 
adapter volume reductions were tested for challenging samples from altered corpses. 
Overall results indicate the system’s reliability in concordance to traditional capillary 
electrophoresis (CE) based genotyping and reproducibility of sequencing data. Genotyping 
success rates of 100% were obtained down to 62.5 pg DNA input. Autosomal STR (aSTR) 
profiles of artificially degraded samples revealed significantly lower numbers of allelic 
dropouts than CE. Thus, this research highlights the importance of all-encompassing 
validation studies for implementing novel technologies in forensic casework and presents 
recommendations for challenging samples. 
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P030 Comparing STR-analysis between Power Plex Fusion6C and SureID 27comp human 
DNA identification kit 

 Siv Gilfillan*, Dorota Perchla, Marguerethe Stenersen 
 *Oslo University Hospital 
  
 We routinely use Power Plex Fusion6C (Promega) for human identification and kinship 

testing which normally gives conclusive results. However, additional STRs can help to 
resolve more complex kinship testing and human identification from heavily degraded 
material. 
 
The SureID 27comp Human DNA identification kit from Health Gene Technologies (China) 
includes autosomal 26 STR, where 6 are overlapping with Power Plex Fusion6C. We have 
used STRValidator to compare the two different kits and present data illustrating 
hetrozygote balance, interlocus balance, stutters and OL from 170 FTA cards. 
We also share examples of analysis of DNA-extracts from heavily degraded material by 
both kits. The strengths and weaknesses of each of the kits will be highlighted. 
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P031 Validation of RapidHIT™ ID system with blood samples and forensic caseworks in 
South Korea 

 Junhee Lee*, Unna Koh, Han-Byeol Kim, Si-Keun Lim 
 *Seoul Metropolitan Police Agency, Republic of Korea, Department of Forensic Sciences, 

Sungkyunkwan University 
  
 In the forensic field, STR (Short Tandem Repeat) profiling is a powerful tool to identify a 

suspected individual. However, standard STR profiling takes about 6 to 8 hours from DNA 
extraction, amplification and capillary electrophoresis. Moreover, it should be processed by 
highly trained expert with at least 5 separate instruments in controlled laboratories. Whereas, 
the RapidHIT™ ID system, a fully automated and integrated single instrument, provides 
STR profile within only 90 minutes at the police station and crime scene. In South Korea, all 
DNA evidences are analyzed by the National Forensic Service with average turnaround time 
of 2 to 3 weeks. In order to analyze DNA at the crime scene as an initial investigative lead, 
the Korea National Police Agency has introduced the RapidHIT™ ID system in 2021 and 
the Seoul Metropolitan Police Agency has been operating the RapidHIT™ ID system on 
various forensic samples. In this study, developmental validations were performed using 
RapidHIT™ ID system with blood samples as they are the most frequently encountered 
biological evidence at crime scenes. Following the SWGDAM (Scientific Working Group 
for DNA Analysis Methods) guidelines, sensitivity, concordance, reproducibility, 
repeatability, and inhibition study were carried out. Based on validation, it was applied to 
actual crime scene samples in South Korea. The results showed that RapidHIT™ ID system 
was a reliable instrument to analyze blood samples at the crime scene. 
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P032 Plexity considerations for the ForenSeq MainstAY kit 
 Lucio Avellaneda*, Ryan Gutierrez, Rachel Houston 
 *Sam Houston State University 
  
 The implementation of Next Generation Sequencing techniques (NGS) is often touted due to 

its sensitivity and success with low quality DNA. As the use of NGS becomes more 
mainstream, limitations of library multiplexing (plexity) need to be addressed. This research 
focuses on the ForenSeq MainstAY kit (Verogen) and assesses the relationship between 
plexity, sensitivity, and read count intensity. 
 
The MainstAY kit contains 53 autosomal and Y-STR markers and has been shown to be a 
powerful tool for recovering DNA profiles from challenging samples. In this study, several 
plexity experiments were performed on a standard flow cell, including a 64-library pool of 
pristine DNA, a 32-library sensitivity study, and a challenging sample run of 32-libraries. 
Allele recovery from the same challenging samples were also evaluated with a 64-library 
run on a micro flow cell. 
 
In all cases, the results show that the read count intensity decreased with increasing library 
plexity. Challenging samples were most affected with one to nine loci lost when comparing 
the 64-library run to the 32-library run. However, the sensitivity study (32 libraries) showed 
a recovery of nearly 50% with 8pg of input DNA. In conclusion, for cases with pristine 
DNA, plexity has less of an effect on recovery, but challenging samples may need further 
consideration. 
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P033 From second to third generation forensic DNA analysis: Adapting Ion S5 Ampliseq 
SNP panels to nanopore sequencing 

 María de la Puente*, María de la Puente, Ana Mosquera-Miguel, Jorge Ruiz-Ramírez, 
Adrián Ambroa-Conde, Ana Freire-Aradas, Elena González-Martín, Lucía Casanova-Adán, 
Javier González-Bao, Christopher Phillips, María Victoria Lareu 

 *Forensic Genetics Unit, Institute of Forensic Sciences, University of Santiago de 
Compostela, Spain 

  
 Massive parallel sequencing (MPS) technologies have not become fully established in 

routine forensic analysis since most casework DNA analysis can be resolved by 
straightforward STR genotyping with capillary electrophoresis (CE). For those cases 
requiring complementary analysis to CE-STR profiling, the lack of scalability of the two 
main MPS platforms used in forensics (Ion S5 and MiSeq) raises the cost of sample 
analysis, particularly affecting forensic laboratories with low or medium throughputs.  
For these reasons, we present an adaptation of custom and commercial MPS panels to the 
new methodology of Nanopore sequencing (Oxford Nanopore Technologies, ONT). The 
adapted protocol includes a capture PCR based on the commonly used Ion S5 Ampliseq 
technology followed by library construction based on the ligation protocol from ONT.  
Nanopore sequencing represents a move from second generation to third generation 
sequencing and shares the same advantage of high multiplexing capability as MPS. In 
contrast to MPS, Nanopore sequencing adds high scalability and low initial investment in 
the equipment required. In addition, the Nanopore system can be easily implemented in a 
small, highly portable pocket-size device: the MinION, which suggests it could be readily 
applied in environments outside of the DNA laboratory. 
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P034 Correcting sequencing error in forensic PCR-MPS data 
 Brian Young*, Tom Faris, Luigi Armogida 
 *NicheVision Forensics, LLC 
  
 Targeted massively parallel sequencing (i.e., PCR-MPS) of STR markers has emerged as an 

alternative to conventional length-based analysis by PCR-CE.  PCR-MPS methods 
determine the sequence feature of targeted DNA segments, which often includes both an 
STR polymorphism and one or more SNPs.  These multi-polymorphism segments are 
haplotype alleles which can differ from one another by as little as a single nucleotide.  Thus, 
it is critical that PCR-MPS methods produce reads that accurately reflect the original DNA 
sequence.  Sequencing errors on the Illumina/Verogen platform are largely random 
substitutions.  However, recurrent errors can generate a sequence type with read count 
intensities (RCI) high enough to cause the error to be confused with alleles, particularly in 
high proportion ratio mixtures.  More generally, sequencing errors reduce the RCI of true 
alleles, thereby reducing method sensitivity.  Overlapping paired end reads represent 
replicate examinations of the same PCR amplicon.  Thus, when read pairs differ in 
sequence, both cannot be correct.  Reads are candidates for correction when they differ from 
a called allele at one nucleotide position, and the mate read is identical to the true allele.  
The differential nucleotide position can be substantiated as a sequencing error if the Q-score 
of the allele-matching nucleotide is higher than that of the non-matching nucleotide.  The 
error correction algorithm of MixtureAce™ (NicheVision) was evaluated using PowerSeq 
46GY paired end data.  Error correction resulted in increases in allele RCIs by as much as 5 
percent.  The predominant class of erroneous reads were those that occurred only once in the 
data set (i.e., singletons). 
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P035 Impact of sample complexity on STR stutter ratios 
 Sicen Liu*, Peter M Vallone, Sarah Riman 
 *Johns Hopkins University Whiting School of Engineering, Department of Computer 

Science, Baltimore, MD 21218 
  
 Stutter products are PCR artifacts generated due to strand slippage during the amplification 

of STR loci resulting in deletion(s) or insertion of base pairs on the newly synthesized DNA 
strand. Different stutter variants are commonly observed: back stutter, double-back stutter, 
forward stutter, and half back stutter. In this study we explore the impact of sample 
complexity (different DNA template amounts and treatments used to compromise DNA) on 
the distribution of allelic peak heights, stutter peak heights, and stutter ratios (SR). A large 
dataset of single-source samples with varying DNA quality and DNA quantity was selected 
from the publicly available PROVEDIt database. Raw HID files were analyzed in FaSTR 
DNA software. Based on the known ground truth, each observed peak in the exported CSV 
files was categorized as either noise, allele, or stutter. Allelic and stutter calls were then 
extracted with their associated heights and SR were calculated. Only data points attributed to 
non-overlapping stutter-stutter or stutter-allele signals were considered. SR distributions 
stratified by template amounts, degradation status, loci, and alleles will be studied for each 
of the four different stutter types using standard statistical methods and visualization 
techniques. 
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P036 Comparison of MPS with CE-based genotyping using GlobalFiler STR amplification 
kits on degraded DNA samples 

 Amaury Pussiau*, Joséphine Gibert, Nicolas Desbaurds 
 *French Gendarmerie Forensic Institute 
  
 Current forensic analysis of short tandem repeat (STR) markers by capillary electrophoresis 

(CE) based genotyping is an efficient and well-known technique. Unfortunately, the genetic 
material collected on crime scenes has often suffered from harsh environmental conditions, 
causing numerous analytical issues and therefore limiting data interpretation. Emergence of 
new massively parallel sequencing (MPS) technologies in recent years within forensic 
laboratories has demonstrated their improved sensitivity in detecting complex samples and 
especially those with degraded DNA. In order to apply such technology to our analytical 
workflow, MPS on the Ion S5™ platform was compared with the current CE- based 
genotyping method. For this purpose, single source samples of SRM 2391c (NIST) were 
normalized to 1 ng of DNA and then artificially degraded during 2, 4, 8 or 12 minutes under 
UV light at 254 nm. When comparing only the 20 common autosomal STR markers targeted 
in both processes, a full DNA profile was obtained with MPS up to 4 minutes of UV 
exposure (slight degradation, Degradation Index (DI) ≈ 10) while only 60% of the markers 
are still complete with the routine method. This difference was also seen after 12 minutes of 
degradation (very strong degradation, DI = 86) where the Ion S5™ system still enabled 71% 
of the common markers to be observed, compared to 25% with CE-based genotyping. 
Overall, the MPS was then able to significantly increase the amount of information available 
on the profile by up to 180%. This technology is therefore particularly interesting to 
implement in the case of challenging samples such as human bones or in cold cases. 
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P037 Ultrasensitive sequencing with a SimSen-Seq 7-plex STR-panel utilizing unique 
molecular indices 

 Maja Sidstedt*, Linda Jansson, Nelly G. Lind, Joakim Håkansson, Arvid H. Gynnå, Gustav 
Johansson, Yalda Bogestål, Froste Svensson, Tobias Österlund, Anders Ståhlberg, Johannes 
Hedman 

 *Swedish National Forensic Centre 
  
 Massively parallel sequencing (MPS) has revolutionized DNA analysis due to the vast 

amount of genetic information that it generates. However, MPS analysis is limited by 
polymerization errors occurring in library preparation and sequencing. Unique molecular 
indices (UMIs) provide a way to identify and bioinformatically remove these errors, through 
barcoding of each original template molecule. The SimSen-Seq technology utilizes UMIs 
and custom PCR design including primers with hairpins to further decrease PCR errors and 
enable ultrasensitive sequencing [1]. We have developed a forensic STR panel and 
bioinformatics workflow based on SimSen-Seq. The panel targets seven STR markers and 
utilizes UMIs that are incorporated during an initial three-cycle PCR. The bioinformatics 
pipeline, based on the open-source software FDSTools and UMIerrorcorrect, consists of 
several integrated modules for alignment-free sorting of reads to STR markers followed by 
consensus read generation. In a proof-of-concept study, we show results from analyzing 1 to 
20 ng of DNA as well as mixtures with proportions varying from 1:1 to 1:49. Moreover, we 
will discuss and show examples of how the SimSen-Seq assay may be used to generate 
error-corrected sequencing data with possible applications for complex crime scene 
mixtures.  
 
[1] Ståhlberg, A., Krzyzanowski, P.M., Egyud, M., Filges, S., Stein, L., Godfrey, T.E. 
(2017). Simple multiplexed PCR-based barcoding of DNA for ultrasensitive mutation 
detection by next-generation sequencing. Nat. Protoc., 12, 664-682. 
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P038 Reducing the number of misclassified genotypes in biallelic sequencing data 
 Malte Bødkergaard Nielsen*, Poul Svante Eriksen, Mikkel Meyer Andersen, Helle Smidt 

Mogensen, Niels Morling 
 *Department of Mathematical Sciences, Aalborg University, Denmark 
  
 A common approach to identifying genotypes of biallelic markers compares the ratio 

between the signals, e.g., the read depth of massively parallel sequencing, of the two 
possible alleles to a fixed ratio threshold. If the amount of DNA is low, the risk of incorrect 
genotype classification is increased. We present a general multinomial logistic regression 
model that reduces the risk of genotype misclassification with low amounts of DNA. The 
method can also be used to find statistically justified values for fixed ratio thresholds with 
low amounts of DNA. For SNP markers, the ratio threshold is often set to 0.3. The presented 
multinomial logistic regression model reduced the SNP misclassification rate by 60% 
compared with a fixed ratio threshold of 0.3. The method could also identify SNP markers 
with an increased risk of misclassification. 
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P040 Calculation and implementation of sample-wide stochastic thresholds for forensic 
genetic analysis of STRs and SNPs for massively parallel sequencing platforms 

 Kathryn M Stephens*, June Snedecor,  Bruce Budowle 
 *Verogen 
  
 Short tandem repeat (STR) marker and single nucleotide polymorphism (SNP) marker 

analysis by capillary electrophoresis (CE) traditionally employed a stochastic threshold (ST) 
to estimate the possibility of missing alleles (drop-outs), although probabilistic genotyping 
(PG) today has obviated the need for a ST. In CE, the ST varied by laboratory but was 
approximately 200 rfus, and peak heights were assessed relative to this threshold.  While 
there is a tendency to treat data generated by next generation sequencing(NGS) in a manner 
similar to that of CE, there are differences with NGS that require alternate approaches to 
address missing data. With NGS markers are identified by their sequence, specific alleles are 
identified by their repeat number and flanking regions and abundance is approximated by 
the number of sequence reads for each allele.  The total number of reads (i.e., signal) 
generated for each marker in a sample depends on several platform specific factors including 
the number of samples added to the flow cell for sequencing, the number of markers in the 
assay, the integrity and quantity of the DNA sample used to make the ‘library’ for 
sequencing, and for multiplexes that contain both autosomal and sex-linked markers, the 
biological sex of the sample. A robust ST (as well as for PG) relying on read numbers for a 
given marker will need to account for all these factors. To normalize these variables, a 
sample-wide metric is proposed for analyzing the possibility of drop-outs and drop-ins based 
on the variance of the inter-locus balance of the markers across a sample.  Data 
demonstrating the robustness of this method to sequencing plexity, biological sex and 
normal manufacturing lot variation will be shown. Additionally, implications for mixture 
analyses will be presented. 
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P042 Precise and ultrafast tandem repeat variant detection in massively parallel sequencing 
reads 

 Xuewen Wang*, Xuewen Wang, Meng Huang, Bruce Budowle, Jianye Ge 
 *Center for Human Identification, University of North Texas, Health Science Center 
  
 Calling tandem repeat (TR) variants from DNA sequences is of both theoretical and 

practical significance. A large number of software tools have been developed for detecting 
TRs. However, little study has been done to detect TR alleles from long-read sequences, and 
the effectiveness of detecting TR alleles from whole genome sequence (WGS) data still 
needs to be improved. Herein, a novel algorithm is described that determines the boundaries 
of TR regions, and a software program, TRcaller, has been developed to call TR alleles from 
both short- and long-read sequences, both whole genome and targeted sequences generated 
from multiple sequencing platforms. The results showed that TRcaller can provide 
substantially higher accuracy of detecting TR alleles with magnitudes faster than the 
mainstream software tools. 99.4% call accuracy has been achieved for 20 CODIS core STR 
loci from 289 WGS data samples with 30x coverage of Illumina reads from the 1000 
genomes project, which is higher than that from HipSTR (i.e., 93.4%). To reach a 99.9% 
calling rate,  at least 25x, 10x,  and 5x average depths were needed for Illumina PE150, 
Illumina PE250, and PacBio CCS reads, respectively. TRcaller takes less than 2 seconds for 
calling STRs at CODIS core STR set from WGS sequencing reads up to 300x. TRcaller is 
able to facilitate scalable, accurate, and ultrafast TR allele calling from large scale sequence 
datasets in various applications, such as forensics, medical research, disease diagnosis, 
clinical testing, evolution, and breeding programs. 

 
  



88 
 

P043 The power of 8 colors: Next generation CE STR analysis 
 Robert S. McLaren*, Michael Lauck, Dawn Rabbach, Kristy A. Lenz, Stephen L. McDaniel, 

Karthika Divakaran, Yolanda Stypula, Carolyn R. Steffen, Peter M. Vallone, Cynthia J. 
Sprecher, Douglas R. Storts 

 *Promega Corporation 
  
 While capillary electrophoresis (CE) technology remains the standard in forensic DNA 

laboratories for producing reliable data in a cost-effective and timely manner, the current 
limitations of 6-color analysis include limited number of small amplicons, and limited 
number of total loci.  
 
The ability to detect 8 colors with the new Spectrum CE System allows for the development 
of 8-color STR systems with more loci as smaller amplicons for better performance with 
degraded and inhibited samples. The 8-color PowerPlex® 35GY system combines the 
CODIS 20 core loci along with Penta D, Penta E, SE33 and ten Y STR markers for familial 
searching and analysis of sexual assault evidence. The 8-color PowerPlex® 18E System 
combines all of the ENFSI recommended loci. Amelogenin and DYS391 are included for 
sex determination in both systems. The use of 8 colors enables 15 autosomal STR loci to be 
present as amplicons under 250bp in both 8-color systems.  Two quality indicators (QIS and 
QIL) are included that aid in determining if poor quality profiles are due to degradation, 
inhibition, or absence of human DNA. 
 
Data will be presented demonstrating the performance of the PowerPlex® 35GY System on 
the Spectrum CE System including results from some challenging samples and a 
comprehensive concordance study performed in collaboration with the National Institute of 
Standards and Technology (NIST). Our results highlight the benefits of using these new 8-
color multiplexes as part of a forensic workflow. 
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P044 Developmental validation of the Investigator Argus Y-28 QS Kit 
 Miroslav Vranes*, Mario Scherer, Stefan Cornelius, Margaretha König, Melanie Kraemer, 

Annika Kohns, Anke Prochnow 
 *Qiagen 
  
 The analysis of Y-chromosomal STRs is an integral part of forensic practice, especially in 

the context of sexual offenses, where it enables the identification of a male even in a high 
background of female DNA. 
 
In the past few years, the power of discrimination, sensitivity, robustness and also the speed 
of the STR analysis have increased significantly. These improvements have been 
incorporated into Investigator Argus Y-28 QS. The assay includes 27 established Y-STR 
markers and a quality sensor for better interpretation of data. In addition to other highly 
discriminatory Y-STRs, the set of markers contains 6 rapidly mutating STRs, which in many 
cases enable the differentiation of closely related male individuals. Primer sequences have 
been optimized to allow amplification of low amounts of male DNA in huge female 
background. Up to 3µg female DNA are tolerated without creating unspecific background 
amplification. 100pg of male DNA result in reliable full profiles, both in the presence and 
absence of female background. The kit makes use of a recently developed reaction 
chemistry with a high resistance to inhibitors, allowing obtain full profiles in the presence of 
500µM hematin, or 200ng/µl humic acid. Furthermore, the assay is suitable for direct 
amplification of typical reference samples such as blood or saliva on FTA cards, or crude 
lysates from buccal swabs. 
 
We show data of the developmental validation of the Investigator Argus Y-28 QS kit. 
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P046 Design and development of novel single multiplex system incorporation 26 rapidly 
mutating Y-STRs 

 Abdulla Albastaki*, Reem Lootah, Reem Almheiri, Mohammed Naji, Afra Alreyami, Iman 
Almarri, Zailiang Yu, Yueke Zhang, Chang Shu, Rashed Alghafri 

 *General Department of Forensic Science and Criminology, Dubai Police G.H.Q., Dubai, 
United Arab Emirates 

  
 The male-specific part of the human Y chromosome is widely used in forensic DNA 

investigation through the analysis of special repetitive units called the Y-short tandem 
repeats or the Y-STRs. These Y-STRs are normally passed down through the paternal 
lineage in an identical manner, making their analysis very useful in forensics cases, paternal 
kinship, and genealogical examination. Rapidly mutating (RM) Y-STRs have shown to 
increase the differentiation between of male relatives. A single multiplex system was 
developed to simultaneously amplify 26 rapidly mutating (RM) Y-STRs; 26 RM Yplex. The 
markers comprised in this multiplex include: DYF1001, DYS724, DYF1000, DYR88, 
DYF1002, DYF403S1a, DYF399S1, DYF404S1, DYF387S1, DYS570, DYF403S1b1/b2, 
DYS627, DYS612, DYS518, DYS712, DYS1007, DYS1003, DYS626, DYS685, 
DYS1010, DYS1012, DYS449, DYS547, DYS576, DYS526b, and DYS688. A sequenced 
allelic ladder was constructed for the assay to confirm the calling of alleles at each locus. 
The system was evaluated for its performance in various tests, such as sensitivity, DNA 
mixtures, stability, reproducibility, and species-specificity. The novel multiplex assay 
generated complete profiles down to 0.125 ng of male template DNA and showed to be 
human-male specific. The multiplex has successfully typed all allelic calls up to 1:3200 ratio 
of male/female mixtures, whereas in male/male mixtures full profiles were detected up to 
1:9. Full profiles could be obtained when humic acid concentration was 1500 ng/μL, and 
tannic acid was 400 ng/μL. The 26 RM Yplex has proved to generate robust results in tests 
performed and showed great potential for the use in forensic casework and research. 
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P047 Optimization and validation of a 1175 amplicon panel for the simultaneous prediction 
of appearance and ancestry 

 Christina Amory*, Catarina Xavier, Robert Lagacé, Walther Parson 
 *Institute of Legal Medicine, Medical University of Innsbruck, Innsbruck, Austria 
  
 Massive Parallel Sequencing (MPS) provides the possibility to combine forensic genetic 

markers in effective and numerous ways. This study presents the development, optimization 
and validation of a 1175 amplicon panel (COMBO) that combines 524 (VISAGE Enhanced 
Tool, ET) or 153 (VISAGE Basic Tool, BT) markers dedicated for appearance and ancestry 
prediction with 781 Y-chromosomal SNPs and 162 mitogenome amplicons. The library 
generation was based on AmpliSeq technology, which allows simultaneous analysis of all 
markers in a single sequencing run and thus minimizes the amount of precious forensic 
material. 
 
In an initial stage of the study, we tested the performance of the panels in pairs (VISAGE 
ET/mtDNA, VISAGE ET/Y, mtDNA/Y) and then pooled the three panels together 
consecutively. This optimization phase, as well as the first trials of the COMBO panel, 
involved the VISAGE ET panel. Furthermore, we replaced the VISAGE ET panel with the 
VISAGE BT panel for a more streamlined assay and adapted primer concentrations 
accordingly.  
 
The COMBO panel was evaluated for concordance, reproducibility, sensitivity, mixtures, 
degradation and mock casework samples using the Ion S5 System. 
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P048 Identification of STR/Y-STR alleles with tolerance for variants and stutter detection 
using GeneMarker®HTS software 

 Teresa Snyder-Leiby*, Lidong Luo, Changsheng Liu, Yiqiong Wu, James Todd, James 
Ruth, Eric Podlaszewski, Sarah Copeland 

 *SoftGenetics, LLC State College, PA  USA 
  
 GeneMarker®HTS is a rapid, user-friendly software for forensic mtDNA and STR analysis 

with high throughput sequencing (HTS) data. Compared to the traditional capillary 
electrophoresis (CE) allele separation, HTS data provides a precise description of the repeat 
allele structure for each STR locus including the variants in the flanking areas for iso-allele 
genotype reporting and probabilistic genotyping analyses. The variants in the repeat region 
or the flanking area may cause failure of identification of STR/Y-STR alleles. To increase 
the accuracy, an iterated sequence alignment method is used to detect alleles. First, we align 
sequences to GRCh38 to determine the repeat sequence. Then, using the repeat sequence, 
we perform a second alignment that minimizes alignment errors and improves accuracy for 
repeat number. Stutters are also identified by applying the stutter filters. To validate this 
method, a concordance study was performed using data from 654 samples amplified with 
the PowerSeq 46GY amplification kit and sequenced on the Illumina MiSeq.  The 
concordance rate of the resulting data with CE allele call data was 100% for the 3 NIST-
2391d samples and 99.93% for the remaining 651 samples.  Whereas, it was reported 
previously that this dataset was 99.7% concordant. Therefore, the STR/Y-STR allele 
identification errors caused by sequence variants within STR repeats were resolved. 
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P049 Reverse complement PCR as a routine tool for massively parallel sequencing of 
forensic STR loci; the IDseek® OmniSTR Global STR kit 

 Erik de Jong*, Kristiaan van der Gaag, Natalie Weiler, Jerry Hoogenboom, Joop Theelen, 
Titia Sijen 

 *Division of Biological Traces, Netherlands Forensic Institute, The Hague, The Netherlands 
  
 Forensic MPS assays tend to be applied foremost in specialty cases due to relatively high 

investment in both hands-on time and reagent costs. Reverse Complement PCR (RC-PCR), 
a single-reaction closed-tube workflow, facilitates a routine MPS application using the 
MiSeq instrument due to a simplified and safe workflow hardly exceeding hands-on time of 
Capillary Electrophoresis.  
 
The IDseek® OmniSTR Global 30-plex includes all the US and European expanded core 
loci plus SE33, D4S2408, D6S1043, D9S1122, D17S1301, D20S482, PentaD, PentaE and 
DYS391 with short amplicons while maintaining the most informative sites in the flanking 
regions. 
 
Performance characteristics, such as sensitivity, inhibitor resistance and direct PCR ability 
were tested. Good marker balance and inhibitor resistance was obtained even with DNA 
inputs in the picogram range resulting in a high sample multiplexing capacity. Sequence / 
PCR accuracy was assessed by creation of an FDSTools noise database based on ca. 300 
samples to facilitate mixture analysis and derive interpretation guidelines. 
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P050 Comparison of two data analysis software tools for low level STR data analysis 
 Daniela Roa*, Sara Tristyn Jerde, Phillip B. Danielson, Elizabeth Kopitke, Christian G. 

Westring 
 *Purdue University Northwest, Center for Crime, Forensics, and Security Analysis; College 

of Engineering and Sciences, Hammond-Indiana, United States of America 
  
 The implementation of technology in the creation of different of software that facilitates 

DNA typing. Short Tandem Repeat (STR) are crucial for DNA typing in the forensic 
genetics field.  These software assists forensic geneticists and the medical field by using 
STRs for paternity tests or other familial relations, identification of missing or unknown 
individuals, and persons involved in crimes. This study compares and analyzes DNA typing 
using three different data analysis software such as, the OSIRIS software, the GeneMarker 
software, and the GeneMapper ID-X. The OSIRIS software is free open-access public 
domain quality assurance software that uses an independently derived mathematical-based 
sizing algorithm. The GeneMapper ID-X is an analysis software with sizing algorithms that 
analyzes and evaluates raw data obtained from ABI Genetic Analyzers and offers a 60-day 
free trial version. On the other hand, the GeneMarker software is a unique genotype analysis 
software that integrates new technologies that enhances the speed, accuracy and easy of raw 
data analyses, and offers a 30-day free trial version. The uses of software that detect low 
level DNA profiles is important to solve complex cases. For this reason, the OSIRIS 
software contains a unique quality metrics that accurately identifies low-level peaks and 
artifacts at high sensitivity critical to mixed and low-level DNA samples. Contrarily, the 
GeneMapper ID-X displays stochastic effects in the amplifications resulting in allele 
dropout when low-level DNA profiles are present. The GeneMarker software presents 
complications obtaining accurate size calls for data containing more than 800 base pair, due 
to the nonlinear migration of larger DNA fragments. Each software presents benefits and 
difficulties, but each software facilitates and speeds the testing of multiple DNA profiles in 
seconds, improving laboratories workflow. 
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P051 Development of a methylation SNaPshot multiplex for age estimation in bones 
 A. Ambroa-Conde*, A. Freire-Aradas, F. Lovisolo, A. Mosquera-Miguel, M. de la Puente, J. 

Ruíz-Ramírez, A. Carracedo, C. Phillips, M.V. Lareu 
 *Universidade de Santiago de Compostela 
  
 Age estimation based on DNA methylation (CpG sites) has been recently introduced in 

forensic genetics. Currently, it has been adopted as an additional DNA intelligence tool in 
order to provide support to police investigations. To date, multiple forensic age prediction 
models composed of age-correlated CpG sites have been developed, based on different 
technologies, as well as on different tissues. Blood, saliva or semen have been broadly 
covered sources, however, other tissues such as bones, have been only initially studied. 
These types of samples would be of great importance, not only in forensic genetics, but also 
in forensic anthropology, where skeletal remains are often the unique source of biological 
material. 
 
In the current study, we present the development of a single SNaPshot multiplex containing 
a reduced number of CpG sites aiming at age estimation of bone material. Fresh clavicles of 
European ancestry have been analyzed, and differences in DNA methylation values among 
samples of distinct ages compared. Correlation values have been calculated, and a 
preliminary age prediction model based on a restricted sample size has been constructed. 
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P054 Development of targeted bisulfite MPS assay for semen age prediction in Koreans and 
comparison with the VISAGE age model for Europeans 

 Ji Eun Lee*, Hwan Young Lee 
 *Department of Forensic Medicine, Seoul National University College of Medicine 
  
 In the forensic field, sexual assaults has always been an important issue. In many cases, 

semen often appears as the main evidence. However, if there is no suspect, the criminal's 
information, such as age, can be predicted to help investigation using DNA methylation 
profile of the collected semen sample. To date, only a few studies have reported age 
prediction using semen samples, and the initial approach in the forensic field was based on 
the targeted bisulfite sequencing using the SNaPshot method. However, it has been found 
that the methylation values differ depending on the type of genetic analyzers in CE analysis, 
and targeted MPS assay is expected to generate consistent quantitative information for more 
CpG sites in one reaction. We, therefore, aimed to develop a new age prediction model for 
semen using MPS assay. A total of 56 semen samples obtained from individuals aged from 
18 to 70 were analyzed using Illumina’s Infinium MethylationEPIC BeadChip array. From 
the linear regression analysis between age and DNA methylation at each CpG site, nine CpG 
sites were newly identified to show age association. A total of 21 markers including 8 newly 
identified markers and 13 markers investigated for construction of the VISAGE age model 
were further analyzed in 103 semen samples using targeted bisulfite MPS assays. Based on 
the results, we suggest the best age prediction model for Koreans as well as the model for 
both Europeans and Koreans. 
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P055 Comparison of age prediction from blood by pyrosequencing and massively parallel 
sequencing 

 Jiří Drábek*, Lucie Kotková 
 *IMTM, Faculty of Medicine and Dentistry, Palacky University Olomouc and University 

Hospital Olomouc, Czechia 
  
 Probably the most pursuit and the most rapidly developing phenotyping tool all over the 

world is the age prediction. Most of the published methods rely on Massively Parallel 
Sequencing (MPS) while one of the commercially available epigenetic typing kits, AgePlex 
from Qiagen, is based on pyrosequencing. In this project, we tried to develop MPS age 
prediction model that would yield better performance characteristics than AgePlex. 
We tested 59 CpGs in areas previously published as differentially methylated depending on 
age using methyl-specific qPCR in duplexes followed by next-generation sequencing on 
Illumina platform MiSeq and NovaSeq. The statistical model was developed using the 5 
most informative CpGs in testing set of 100 samples and was validated using set of another 
100 samples. The same set of samples was tested by the AgePlex kit. Here, we present the 
performance comparison for both methods.  
 
Supported by VI20202022123, LM2018133, LM2018125, LM2018132, 
CZ.02.1.01/0.0/0.0/16_019/0000868, CZ.02.1.01/0.0/0.0/16_026/0008448, and IGA LF UP 
2022_012. 
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P056 Methylation value adjustment using methylated control DNA for compatible age 
prediction in different types of genetic analyzers 

 Moon Hyun So*, Hwan Young Lee 
 *Department of Forensic Medicine, Seoul National University College of Medicine 
  
 Targeted bisulfite sequencing based on single-base extension method can be used for DNA 

methylation measurement via capillary electrophoresis on genetic analyzers in general 
forensic laboratories. Therefore, several high-accuracy age prediction models have been 
reported using this method. However, use of different genetic analyzers generates different 
methylation values because of different variable binning in the data collection software of 
each genetic analyzer, thereby generating significant errors in age prediction. In this study, 
we propose a methylation value adjustment using control DNA in varying methylation ratios 
(0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100% methylated). DNA methylations at eight age-
predictive CpG sites (ELOVL2, FHL2, KLF14, C1orf132, TRIM59, TTC7, cg12837463 and 
NOX4) were measured using methylated control DNA in 3130, 3500, and SeqStudio genetic 
analyzers, and polynomial regression lines were created between the results of 3130-3500 
and 3130-SeqStudio to obtain methylation value adjustment equations. When blood, saliva, 
and semen DNA methylation data obtained from 3500 and SeqStudio were adjusted and 
applied to the previous 3130 genetic analyzer models, age prediction accuracy was improved 
as much as the accuracy observed in 3130 data. These results suggest that the adjustment of 
methylation value between different analyzer types can be conducted using a small set of 
methylated control DNA samples. 
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P057 DNA methylation-based age prediction in muscle tissue samples 
 Soo Bin Yang*, Jeong Min Lee, Hwan Young Lee 
 *Department of Forensic Medicine, Seoul National University College of Medicine, Seoul, 

Korea 
  
 Estimating donor’s age from biological material recovered from crime scenes based on 

DNA has played a pivotal role in forensic investigations. At the actual crime scene, 
biological evidence does not exist intact, and is frequently observed as a body fluid mixture 
or small pieces of decomposed tissue. Due to these limitations, forensic age prediction is 
challenging, and needs age prediction models that can be applied to specific type of body 
fluid or tissue from the crime scene. For example, age prediction model for muscle was 
expected to help identify the victim of a mutilation murder case. Therefore, we aimed to test 
a previously reported muscle clock, aka MEAT package (Voisin et al. 2020), in our 
pectoralis major muscle samples collected at autopsy, and construct a new age prediction 
model specific to muscle tissue. We generated DNA methylation profiles of muscle samples 
from autopsy of 23 Koreans with an age at death from 18 to 78 using Illumina’s Infinium 
Methylation EPIC array. Although the MEAT package was constructed based on the data 
obtained from vastus lateralis muscle, DNA methylation age calculated using the MEAT 
package showed a high correlation with an actual age in pectoralis major muscle samples 
with a MAE of 4.7 years. However, in order to construct an accurate age prediction model 
that can be applied to decomposed muscle, we identified 12 age-associated CpGs from the 
array data, and additionally selected 8 CpG markers that overlap among MEAT packages 
v1.0, v2.0, and Korean EPIC arrays. We investigated DNA methylation patterns of 20 
selected CpG markers in 70 muscle samples using targeted bisulfite sequencing based on 
single base extension method. Since 15 from 20 CpG markers showed moderate or strong 
correlation with age, we constructed a muscle specific age prediction model using these 
markers through linear regression analysis. In a leave-one-out cross validation, the model 
showed high age prediction accuracy with less than 5 years of MAE. 
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P061 COVID-19 as a potential confunding factor in epigentic age estimations 
 Bożena Wysocka*, Michał Boroń, Aleksander Masny, Krzysztof Goryca, Aleksandra 

Pisarek, Joanna Rudnicka, Rezvan Noorozi, Aneta Sitek, Andrzej Ossowski, Wojciech 
Branicki, Ewelina Pośpiech, Magdalena Spólnicka 

 *Central Forensic Laboratory of the Police, Warsaw, Poland 
  
 Viral infections may alter methylation status of human genome. Also, COVID-19 was 

shown to influence genomic DNA methylation status and accelerated epigenetic aging due 
to COVID-19 was suggested. The later might influence forensic tools for DNA methylation 
status based age prediction. The extent of the impact of COVID-19 on the accuracy of 
epigenetic clocks has not been extensively studied and there were conflicting opinions on 
the subject. Furthermore, the pre-existing methylation status of certain genomic regions was 
considered to affect COVID-19 severity. 
 
Our aims were: to investigate how COVID-19 infection may affect age estimation based on 
epigenetic clocks, to search for COVID-19 characteristic genomic DNA methylation 
patterns, to verify putative (described in literature), epigenetic markers of past COVID-19 
infection. The DNA was collected from several groups of people. The first group was a 
population of people who recovered from COVID, the second group are monozygotic twins 
pairs concordant and discordant for COVID and the third group were people from whom 
DNA was collected before and after COVID-19 infection.  
 
The effect of COVID-19 or lack of thereof on the DNA methylation status of particular CpG 
sites included in different age clocks, using methylation microarrays was studied. The 
results were compared to the results of other studies of COVID-19  induced DNA 
methylation status alterations conducted using Illumina Infinium EPIC microarrays. 
The extent COVID-19 impact on DNAm markers used for age estimation, lifestyle 
prediction was evaluated. 
 
Project no. DOB-BIO10/06/01/2019 is financed by the National Centre for Research and 
Development within the framework of call 10/2019 related to scientific research and studies 
for the purposes of national defense and security. 
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P062 RNA-based age estimation from RNA-seq data - Preliminary results from the RNAgE 
project 

 Cordula Haas, Guro Dorum*, Regine Banemann, Dario Burri, Cornelius Courts, Annica 
Gosch, Thorsten Hadrys, Nadescha Hänggi, Galina Kulstein, Julia Philippou-Massier, 
Jacqueline Neubauer 

 *Zurich Institute of Forensic Medicine, University of Zurich, Switzerland 
  
 Research efforts regarding age estimation of a stain donor mainly focus on epigenetic 

modifications. Currently, analysis of differential DNA methylation at CpG sites is the 
method of choice. However, the applicability of this method in forensic casework is limited. 
The harsh bisulfite treatment and the required large quantity of high quality DNA are 
disadvantages, and there is no consensus on markers and methods yet. 
Since RNA-based methods apparently bear potential for a number of different forensically 
relevant aspects, they have received a substantial amount of attention in the last few years. 
RNA molecules are differentially expressed, and it has been shown that specific changes in 
the transcriptome are associated with biological age. Since RNA and DNA can be co-
extracted from the same sample of evidence, RNA-based analysis seems to be a promising 
alternative for age prediction. 
 
RNAgE (RNA-based Age Estimation) is an EU-funded# collaborative project intending to 
establish a workflow for age prediction of unknown perpetrators from forensic trace 
material. We aim to identify potential RNA markers correlated with donor age from whole 
transcriptome and miRNome sequencing of blood and saliva samples obtained from donors 
between 17 and 86 years of age.  
 
Here, we present preliminary results and statistical analyses of the data. We illustrate 
possibilities and limitations of our approach and methods, as well as relate our experiences 
with blood and saliva samples. 
 
#The RNAgE project is co-financed by the Internal Security Fund of the European Union 
(grant no. IZ25-5793-2019-44). 
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P064 Analysis of genetic polymorphisms associated with the presence of freckles for 
phenotypic prediction 

 Cintia Fridman*, Marcelo Alves Ferreira, Leonardo Arduino Marano, Bettina Stingelin 
Forlenza 

 *Departamento de Medicina Legal, Ética Médica e Medicina Social e do Trabalho, 
Faculdade de Medicina FMUSP, Universidade de São Paulo, São Paulo, SP, BR 

  
 The prediction of externally visible characteristics (EVCs) is a commonly used practice by 

the forensic sciences as an important resource in the investigation of criminal cases in which 
the identity of perpetrators or victims is unknown or even to recognize decomposed 
cadavers. With this purpose, genetic markers associated with pigmentation traits have been 
widely studied by forensic scientists and, nowadays, it is possible to predict phenotypic 
characteristics such as f hair, eyes and skin color, as well as the presence of skin freckles by 
analysing single nucleotide polymorphisms (SNPs). The aim of the present study was to 
analyse the association of six SNPs located in pigmentation genes (rs1042602, TYR; 
rs1800404, OCA2; rs11636232 and rs2238289, HERC2; rs12203592, IRF4; rs2228479, 
MC1R) to the presence of freckles in individuals from the Brazilian population for forensic 
DNA phenotyping. The study was based within the context of a larger project on a 
population sample of 534 adult Brazilians of both sexes and different skin colours. DNA 
was extracted from peripheral blood and genotyped using the TaqMan® OpenArray® Real-
Time PCR System (ThermoFischer Scientific) technique. Statistical analyses were carried 
out with the R software (version 4.0.2). As for the results obtained until the present moment, 
three SNPs were shown to be statistically associated to the presence or absence of freckles, 
rs12203592, rs1800404 and rs222847, with CT, AG and AA genotypes being the main 
contributors, respectively. Further analyses including the six SNPs and other variables, such 
as sex and skin colour and a DNA-based predictive model to freckling, will be performed in 
order to evaluate the possibility of using those polymorphisms for forensic phenotyping 
prediction of the Brazilian population. Financial Support: FAPESP (16/03284-8), 
HCFMUSP/LIM40. 
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P065 Homozygosis and compound heterozygosis of recessive alleles of MCR1 gene loss-of-
function in the red hair character manifestation: Contribution to phenotyping by DNA 
for forensic purposes 

 Clarice S. Alho*, Eliane Birck, Klér Saraiva Flores, Catieli Gobetti Lindholz, Márcio Dorn , 
Eduardo Filipe Avila Silva 

 *PUCRS 
  
 Genetic markers allowing the prediction of externally visible characteristics (EVCs) are of 

forensic interest for people identification, even in the absence of a reference sample for 
comparison. Identification of molecular markers in loci associated to the melanin pigment 
synthesis (eumelanin: brown-black; phaeomelanin: yellow-red), which is present in hair, 
skin and eyes, has been promising, as it has high values of predictive power. MC1R gene 
(locus 16q24.3), determinant in the regulation of these pigments production, is polyallelic 
and responsible for the synthesis of a transmembrane G protein in melanocytes: the 
Melanocortin-1 Receptor (MC1R). In hair specifically, the reddish color, called redhead, or 
redness, is a genetic characteristic strongly associated with changes in DNA that affect the 
functionality of this receptor. In the present study, the complete sequence, and upstream and 
downstream regions, of the MC1R gene were analyzed in 358 individuals (97 redhead and 
261 non-redhead), unrelated and residents of Rio Grande do Sul, Brazil, in to identify allelic 
variants able to explain the reddish hair color phenotype. Of the 229 variants explored, it 
was observed that combinations of eight of them (rs201533137; rs312262906; rs1805006; 
rs11547464; rs1805007; rs1110400; rs1805008 and rs1805009) were able to explain the 
redhead character of 50% (48/97) of the individuals that had this phenotype. Such variants, 
understood as recessive, loss-of-function alleles of MC1R, appeared in redhead individuals 
inherited as homozygous (23%; 11/48) or as compound heterozygous (77%; 37/48). It is 
possible to conclude that the genotyping of these eight variants is satisfactory to predict the 
redhead character of all individuals whose red hair color was a result of two loss-of-function 
mutations in the MC1R gene, inherited either as homozygous or compound heterozygous. 
The present result is a contribution to EVC DNA phenotyping to guide forensic 
investigations. 
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P066 "Biological Identikit": Development of a SNPs-panel for the analysis of forensic DNA 
phenotyping and ancestry 

 Giulia Sguazzi*, Debora Varrone,  Chiara Cirioni, Valentina Andrioletti, Pasquale Linarello, 
Luca Salvaderi, Flavia Lovisolo, Noemi Procopio, Fabiano Gentile, Anna Cherubini, 
Domenico Colloca, Alberto Marino, Sarah Gino 

 *Department of Health Science, Università del Piemonte Orientale, Via Solaroli 17, 28100 
Novara, Italy  AND CRIMEDIM – Center for Research and Training in Disaster Medicine, 
Humanitarian Aid and Global Health, Università del Piemonte Orientale, Via Lanino, 1 – 
28100 Novara, Italy 

  
 The need to identify victims of mass disasters and perpetrators of crimes is fundamental for 

humanitarian, ethical and legal reasons. Individuals, whose genetic profiles are not yet 
known to investigators, cannot be identified by standard forensic DNA analysis. To date, 
technological progress allows for the analysis of Forensic DNA Phenotyping (FDP) which 
provides for the definition of Externally Visible Features (EVCs); and the analysis of the 
biogeographical ancestry (BGA), which allows to define the ancestral origin. 
The aim of this study was to evaluate the potential of a new panel of about 900 SNPs in 
predicting phenotypic traits and biogeographical origin. Recent biological material was 
analysed and subsequently the analysis was extended to include evidence found at the crime 
scene or extracted DNA, both preserved for long periods of time. The goal was to create a 
"biological identikit", useful for determining the phenotypic characteristics of unknown 
corpses and directing investigators to alleged victims or relatives or in a crime to narrow the 
circle of suspects. 
 
The panel consists of 41 SNPs for phenotyping and 850 SNPs for ancestry. It was tested on 
8 recent samples and 26 samples extracted and stored for a long time. All the 891 SNPs 
were successfully incorporated into a single two-step multiplex PCR reaction using the 
IonAmpliSeq™ Library Plus and applied for massive parallel sequencing with the Ion S5 
platform using up to 0.05 ng / µl of DNA. The analysis of the results was carried out with an 
in-house predictive algorithm and by consulting 20 databases containing population 
frequencies. 
 
By comparing the results obtained with identikit or video-photographic surveys, it was 
possible to predict the phenotype and ancestry with an accuracy more than 90%.  
Although these new markers are unable to identify an individual, they can be a valuable 
investigative tool useful for personal identification. 
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P067 Experimental long-distance haplotyping of OCA2-HERC2 variants 
 Gunn-Hege Olsen*, Nina Mjølsnes Salvo, Marie Gule Mathisen, Kirstin Janssen, Thomas 

Berg, Gunn-Hege Olsen 
 *Centre for forensic genetics, Department of medical biology,  UiT - The arctic university of 

Norway 
  
 Experimental haplotyping reveals the chromosomal phase of genomic sequences. Knowing 

the physical linkage of variants, such as missense mutations with regulatory variants, helps 
to determine their effect on gene expression. In forensic genetics, the HERC2 SNP 
rs12913832, which is enhancing OCA2, is the main predictor of blue and brown eye colour. 
However, eye colour in heterozygous rs12913832 individuals is observed to vary greatly. 
Missense mutations in OCA2, such as rs1800407, are associated with lighter eye colour in 
some but not all heterozygous rs12913832 individuals. Determining the physical linkage of 
these variants might help to further explain eye colour variation. Because the SNP 
rs12913832 is located ~ 135 kb from rs1800407, experimental haplotyping has been 
challenging due to technological limitations and because DNA fragments produced by 
commonly used DNA isolation kits are too short. In this study we have tested the suitability 
of the newly commercially available Monarch® HMW (heigh molecular weight) DNA 
Extraction Kit (New England BioLabsinc) to perform long-distance haplotyping by droplet 
digital PCR (ddPCR). The DNA fragment lengths were evaluated with ddPCR by targeting 
known sequences at different distances (1-210 kb). We successfully isolated DNA fragments 
up to 210 kb. Notably, care should be taken when working with HMW DNA due to 
susceptibility to fragmentation and sample viscosity. As a proof-of-concept, DNA from one 
individual with the genotype rs12913832 AG and rs1800407 GA was experimentally 
haplotyped using ddPCR with four unique duplexes to cover all possible combinations. All 
experiments gave consistent results, determining linkage between rs12913832:A-
rs1800407:A and rs12913832:G-rs1800407:G. These preliminary results open for further 
experimental haplotyping of OCA2 variants with the enhancer SNP to explore effects on eye 
colour variation. 
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P068 Using DNA to develop a profile of phenotype characteristics 
 Kelly M. Elkins*, Cynthia B. Zeller, Dana D. Kollmann, Adam J. Klavens, Karissa K. Gorr 
 *Towson University 
  
 Massively parallel sequencing (MPS), or next generation sequencing (NGS), is a powerful 

tool to uncover relationships and features of individuals from human skeletal remains. In 
this study, we employed the Verogen ForenSeq Signature Prep Kit STR and SNP panel MPS 
on a MiSeq FGx instrument to develop a phenotypic profile and ancestry predictions of 
historic period human remains from four locations in Maryland and Virginia, USA. 
Externally visible characteristics (EVCs) and human identity markers applied to familial 
relationships can be used to augment the bioarcheological findings. Of 23 historic period 
human remains we tested, tooth, temporal bone, and femur and tibia long bone DNA led to 
biogeographical ancestry predictions. Predictions of eye color, hair color and skin tone 
phenotype were developed from DNA extracted from each of a tooth, temporal bone, fibula, 
and femur using the Verogen Universal Analysis Software and HIrisPlex-S. DNA typing 
associated comingled remains to individuals. 
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P070 Association between copy number variations in the OCA2-HERC2 locus and human 
eye colour 

 Nina Mjølsnes Salvo*, Nina Mjølsnes Salvo, Kirstin Janssen, Gunn-Hege Olsen, Thomas 
Berg, Jeppe Dyrberg Andersen 

 *Center for forensic genetics, Department of medical biology, UiT - The Arctic University of 
Norway 

  
 Single nucleotide polymorphisms (SNPs) in the OCA2-HERC2 locus have been extensively 

studied to explain human eye colour variations. The main predictor for human eye colour is 
the SNP rs12913832 in HERC2. This SNP is located ~21kb upstream to the promoter of the 
pigmentation gene OCA2, and acts as a distal OCA2 enhancer. With current prediction 
models, individuals with the genotypes rs12913832:AA and AG are expected to have brown 
eye colour, whereas individuals with rs12913832:GG are expected to have blue eye colour. 
However, we found that 43/166 individuals in a Norwegian study population with the 
genotype rs12913832:AA or AG did not have brown eye colour. To investigate if 
duplications or deletions in the OCA2-HERC2 locus can explain blue eye colour in these 
individuals, we analysed NGS data for copy number variations (CNV) in and around 
regulatory regions of OCA2. The ~500kb long OCA2-HERC2 locus was sequenced in 94 
individuals with the rs12913832:AG and AA genotypes. Of these, 43 were observed to have 
blue eye colour and 51 were observed to have brown eye colour. CNVs were analysed in 
bins of 100 bp with 50 bp overlap, using R and the package panelcn.MOPS - CNV detection 
tool for targeted NGS panel data, with default settings. When comparing CNV frequencies 
between blue and brown eye colour categories, CNVs in 32 regions in the OCA2-HERC2 
locus were associated with blue eye colour in rs12913832:AG individuals (with Benjamini-
Hochberg adjusted p-value ≤ 0.05). Interestingly, 14 of these regions resided in the same 
intron in OCA2 (intron 21/21). In rs12913832:AA individuals, CNVs in 14 regions were 
associated with blue eye colour using raw p-values (p ≤ 0.05). The functional effects of 
these CNVs on OCA2 expression are yet to be investigated. However, this study suggests 
that CNVs in the OCA2-HERC2 locus might explain why some of the rs12913832:AG and 
AA individuals have unexpectedly blue eyes. 
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P072 DNA methylation-based prediction of smoking habits from blood using a novel 
massively parallel sequencing assay 

 Athina Vidaki*, Benjamin Planterose Jiménez, Brando Poggiali, Vivian Kalamara, Kristiaan 
van der Gaag, Silvana Maas, Mohsen Ghanbari, Titia Sijen, Manfred Kayser 

 *Erasmus MC, University Medical Center Rotterdam, Department of Genetic Identification, 
Rotterdam, the Netherlands 

  
 Smoking is a widely frequent habit with 1.14 billion smokers in 2019 and one of the leading 

causes of disease and deaths worldwide. Inferring one’s smoking habits is not only relevant 
in public health and personalized medicine, but may also allow broadening forensic DNA 
phenotyping. Previously, using 13 DNA methylation (CpG) markers we introduced a 
validated statistical model based on large European epigenome-wide microarray data from 
blood that can accurately predict whether someone is a current, former, or never smoker. In 
this study, we aimed to translate our model in practice by developing the matching lab tool 
to analyze these 13 CpGs in blood samples, based on bisulfite conversion and multiplex 
PCR followed by PCR-free library preparation and paired-end massively parallel sequencing 
on the Illumina MiSeq. We applied our tool to 232 whole blood samples from healthy 
Europeans of a wide age range, of which 90 are current, 71 former and 71 never smokers. 
On average, we obtained 189,000 reads/sample and 15,000 reads/CpG, as well as the DNA 
methylation distributions expected for all three categories from the previous microarray 
data. Smoking habits were successfully predicted using both the two-category (current vs 
non-current smokers) and three-category (current vs former vs never smokers) microarray-
trained models with accuracies of AUC=0.83 and 0.79, respectively. Six technical replicates 
revealed high reproducibility of our DNA methylation quantification and DNA standards of 
known methylation levels uncovered marker-specific amplification bias. Finally, we further 
validated our smoking predictions in terms of reproducibility, repeatability, sensitivity 
(down to 20ng) and increased PCR cycles. Overall, our novel assay allows the translation of 
our microarray-based smoking prediction model to practical settings without sacrificing 
accuracy, one step closer towards future forensic applications. 
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P073 Evaluation of Pyromark Q48 Autoprep with HirisPlex-S in an Italian population 
sample 

 Fabiano Gentile*, Anna Cherubini, Domenico Colloca, Adriano Passero, Valeria Pirocchi, 
Gianluca Casamassima, Alberto Marino 

 *Reparto Carabinieri Investigazioni Scientifiche, Parma, Italy 
  
 Forensic phenotyping represents an opportunity to give a new impulse to criminal 

investigation when conventional genetic characterization by common STR markers give no 
matches in the database. However, in most forensic laboratories the phenotypic analysis 
flow is limited to a few samples per year, and the costs with NGS methodologies, nowadays, 
could be a discriminating factor. In addition, in some criminal cases, time may also be 
limited, and the laboratory is required to provide information as soon as possible.  In this 
context, we decided to evaluate the effectiveness and efficiency of PyroMark Q48 Autoprep 
to obtain phenotypic information using HIrisPlex-S panel on 54 samples from people of 
Italian origin. The evaluation to predict the color of eyes, hair and skin was made possible 
by the statistical prediction model available online (https://hirisplex.erasmusmc.nl) 
The biological samples were taken using buccal swabs. The DNA was extracted via 
QIAamp DNA Investigator Kit (Qiagen) associated with the EZ1 Advance XL (Qiagen) 
according to the manufacturer specifications. Then each sample was quantified with 
Quantifiler Trio Quantification Kit (ThermoFisher Scientific) associated with the 7500 Real-
Time PCR System (ThermoFisher Scientific). Amplification was conducted on the 
GeneAmp PCR System 9700 (ThermoFisher Scientific). The sequencing was carried out 
with PyroMark Q48 Autoprep (Qiagen). Analyzed samples showed a prediction of 
phenotypic characters consistent with the expected. A second analysis was necessary for 
30% of samples. Finally, the analysis required 4 hours to be completed and reagents cost for 
a single sample run was comparable to common STR analysis. Although the number of 
markers per run is limited by the design on the PyroMark Q48 Autoprep compared to NGS 
methodologies, this approach represents a practical alternative to performing phenotyping 
for a single sample in a faster and cheaper way. 
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P074 Phenotype prediction of two-person DNA mixture using single cell sequencing 
 Katja Anslinger*, Birgit Bayer, Marta Diepenbroek 
 *Institute of Legal Medicine, LMU, Munich 
  
 Generally, it is not recommended to use mixed traces for forensic DNA phenotyping. 

Therefore, we investigated an alternate method for predicting phenotype from DNA 
mixtures. First, the innovative workflow was evaluated by collecting white blood cell pools 
with the DEPArray™ NxT system and amplifying DNA with the Ion AmpliSeq™ 
PhenoTrivium Panels. The second stage involved analyzing 20 white blood single cells 
using two different workflows: without and with library re-amplification. In the study's last 
stage, three “mock” two-person mixtures (blood and epithelial cells) were prepared, of 
which one included contributors with identical, one with similar and one with different 
phenotypes. Each mixture was submitted for DNA sequencing as well as single cell 
collection followed by DNA sequencing. In addition to library re-amplification, an increased 
number of PCR cycles was examined. The genotypes obtained from mixtures were used to 
perform phenotype predictions using HIrisPlex-S Mixture Tool. These were then compared 
to the phenotype predictions obtained from the single cells. Our results suggest that single 
cell sequencing can help with two-person mixture analysis by providing reliable phenotype 
prediction for both contributors. 
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P076 Development and validation of a MPS forensic assay for facial morphology prediction 
 Ruiz-Ramirez,  J.*, Ambroa-Conde, A., Freire-Aradas, A., de la Puente, M., Mosquera-

Miguel, A., Gómez-Tato, A., Casares de Cal, M.A., Phillips, C., Lareu, M.V. 
 *Forensic Genetics Unit, Institute of Forensic Sciences, University of Santiago de 

Compostela, Spain 
  
 The prediction of externally visible characteristics can be a powerful tool in crime 

investigations to narrow down the number of potential suspects when no DNA database 
match or eyewitness description exists. Several tools have been developed to predict simple 
traits such as eye, hair, and skin color. The prediction of more complex traits, in which a 
much larger number of genetic factors and their potential interactions must be considered, is 
a major challenge for forensic genetics research. One such trait is facial morphology, which 
can be defined as a set of phenotypes measured by laser scanning to map topological 
features of the face, which produce metrics linked to a relatively small number of closely 
associated single nucleotide polymorphisms (SNPs) and insertion/deletion polymorphisms 
(indels). We instigated a research program, FacE-FIT, to develop a forensically viable test 
genotyping an optimum panel of markers for this purpose, and to explore predictive models 
for the principal components of key topological facial features. We report the first phase of 
this program to develop and optimize a massively parallel sequencing (MPS) test of a full 
predictive-marker set. 
 
We implemented an AmpliSeq panel of 238 SNPs and indels, for the Ion S5 MPS system. 
The assay combined a full compilation of lead polymorphisms linked to facial features from 
the most comprehensive genome-wide association studies [1], together with established 
markers for eye, hair, skin color prediction. We outline the results of the forensic validation 
of the FacE-FIT MPS assay, following SWGDAM guidelines. As well as the full range of 
MPS sequence quality parameters, evaluations focused on sensitivity and specificity studies 
of forensic DNA controls, DNA mixtures, and Coriell samples to measure genotype 
concordance. 
 
[1] J.D. White et al., 2021, Insights into the genetic architecture of the human face. Nat 
Genet. 
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P077 Multivariate statistical approach and machine learning for the evaluation of 
biogeographical ancestry inference in the forensic field 

 Monica Omedei*, Selena Cisana, Paolo Garofano, Brando Poggiali, Giulia Cosenza, Elena 
Pilli, Eugenio Alladio 

 *Centro Regionale Antidoping e di Tossicologia "A. Bertinaria", Regione Gonzole 10/1, 
10043, Orbassano, Torino, Italy 

  
 Biogeographical ancestry (BGA) of a trace or person/skeleton refers to the component of 

ethnicity, which is composed of biological and cultural elements and is biologically 
determined. Nowadays, many people are interested in researching their genealogy, and the 
ability to distinguish biogeographic information about populations and subgroups using 
DNA analysis plays an essential role in various fields, such as forensics. For example, it is 
advantageous for investigative and intelligence purposes to infer the biogeographic origin of 
perpetrators or victims of unsolved cases when reference profiles of perpetrators or database 
matches are not available for comparison purposes. Current approaches to biogeographic 
ancestry estimation using SNPs data are generally based on PCA and STRUCTURE 
software. The present study provides an alternative method that incorporates multivariate 
data analysis and Machine Learning strategies to assess the BGA discriminatory power of 
unknown samples using various commercial panels. Using datasets from the 1,000 Genomes 
Project, Simons Genome Diversity Project, and Human Genome Diversity Project, which 
include African, American, Asian, European, and Oceanic individuals, powerful 
multivariate techniques such as Partial Least Squares-Discriminant Analysis (PLS-DA) and 
XGBoost were used and their discriminatory power was compared. The PLS-DA method 
provided more robust classifications than the XGBoost method. This shows that the chosen 
approach could be an interesting tool for forensic scientists to derive BGA information from 
the DNA profile of unknown individuals, but also that commercial forensic panels might be 
insufficient to discriminate populations on an intracontinental scale. This approach will be 
also considered for phenotyping predictions, nowadays obtained from various SNPs panel 
analyses with the Next-generation sequencing technology. 
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P080 Efforts to subgroup Asians using data mining models for the Y-STRs 
 Sohee Cho*, Haeun Yoo, Sung Hee Lyoo, Soong Deok Lee 
 *Institute of Forensic and Anthropological Science, Seoul National University College of 

Medicine, Seoul, South Korea 
  
 Genetic ancestry inference of suspected or unidentified individuals can aid forensic 

investigation. Inferring ethnic populations is now aimed at achieving higher resolution in 
discriminating populations within a continent. Asia is the most populous continent with 
diverse ethnic populations and can be genetically discriminated on a finer scale. For 
practical use, it is important to accurately predict or classify the ancestry of an individual 
from obtained genetic data. Here, we used data mining approaches for subgrouping Asian 
ethnic populations for the Y-STR data. After preprocessing, 15 Y-STRs data for 5,543 
Northeast Asians(NEA), 1,475 Southeast Asians(SEA), and 2,869 Southwest Asians(SWA) 
within diverse ethnic groups obtained from literature and our laboratory were used. Two 
multi-class classification approaches (one-against-one(OAO) and one-against-all(OAA)) 
were applied to three models: decision tree(DT), support vector machine(SVM), and 
artificial neural network(ANN). In the results, SWA was the most distinguished from SEA 
and NEA based on Y-STRs in all models. The accuracy of classification was higher for 
OAA-based models than those of OAO-based models, and among the models, the accuracy 
was the highest for SVM (81% for OAO and 83 % for OAA, respectively). In addition, we 
assessed the variable importance for the most robust SVM model with Y-STRs. The most 
informative variables were DYS392, DYS635, and DYS439, which imply that genetic 
variation of those loci was most distinctive among three groups of Asians tested. This study 
suggests a statistical approach that could help use or interpret genetic data in predicting 
ancestry. We believe that this trial can be the basis for further studies extending to other 
genetic markers together or a larger population with other Asian ethnic groups in order to 
subgroup Asian populations. 
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P081 Validation design - Implication of sample numbers and statistics 
 Cailee R. Wilkinson*, Alyssa Woods, Christian G. Westring, Charles Steele 
 *Purdue University Northwest 
  
 Validation is defined as a process including reliability and relevance of a particular 

approach, method, process or assessment is established for a defined use and it plays a key 
role in the world of forensic science.  Statistical method validation in forensic science is a 
primary concern listed in the national academy of sciences report of path forward.  Very 
often in forensic science the “this is the way we do it” mentality has dictated which 
protocols would be used. This paradigm has been associated with numerous errors in many 
fields of forensic science. Proper validation of scientific methods requires the use of 
analytical descriptive and predictive statistics.  Descriptive methods such as correlation 
testing, MANOVA and ANOVA, and independence testing tukey analysis or equivalent are 
necessary to adequately define experimental limitations and parameters. Predictive 
techniques such as multi-linear regression are useful in weighting the importance of 
predictive factors.  The process of validation within forensic science ensures that adequate 
evidence is shown within specific methodology and testing to give accurate, consistent 
results that can be trustworthy and suitable for cases. In order to be able to provide a 
statistical probability of success methodology must be validated with a sufficient number of 
samples to give a good representative of a normal population.  The valid rationale in 
developing statistical design is dependent upon justification of sample number therefore 
implementation of appropriate sample number is important when figuring out consistent, 
reliable, and accurate results while also being able to generate calibration curves with means 
and good standard deviations.  Validation design justifies the sample numbers and the 
requirements relevant to various experimentation while including more samples rather than 
less. Practical limitations reduce the numbers to be tested for suitable validation and a 
sufficient number of samples must be used to justify design, while still being representative 
of testing material, and taking repeatability into account. Since sample size is also indicative 
of what statistics can be designed and analyzed, their foreground as importance is critical to 
overall analysis.  The application of statistics in method design validation and quality 
requirements as a function of available sample size and needed sample informs the research 
of the valid yielded result as well as providing sufficient statistical confidence of quality 
within a singular batch and/or between multiple batches. Our aim is to examine the studies 
evaluating the use of statistics in method validation for their appropriateness based on 
sample size and population size for both analytical tests and quality monitoring.  We also 
aim to examine the sample sizes from published studies and evaluate appropriateness of 
sample size. 
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P082 Determining the impact of low level DNA profiles in LR stability in semi v. continuous 
models 

 Kirsten Verdegan*, Savanah Fisher, Phillip B. Danielson, Keith Inman, Christian G. 
Westring 

 *Purdue University Northwest, Center for Crime, Forensics, and Security Analysis; College 
of Engineering and Sciences, Hammond-Indiana, United States of America 

  
 Validation of likelihood ratios (LRs) for modern casework applications is generally accepted 

practice and is also required by a variety of scientific and professional standards 
organizations in the DNA community.  Laboratories who employ LRs conduct internal 
validation studies that span the reporting spectrum of the laboratory, including low level 
DNA profiles subjected to drop-out, mixture complexity, etc.  As a statistical tool, LRs are 
part of a larger mathematical framework of reasoning nominally known as Baye’s Theorem.  
As such, LRs are the only rational way to think about the work of forensic science. No other 
approach is comprehensive or logical to the extent that the use of likelihood ratios allows.  
There are two types of LR software, one being the semicontinuous model and the other 
being the fully continuous model. Technological advances have enabled the analysis of very 
small amounts of DNA in forensic cases. However, the DNA profiles from such evidence 
are frequently incomplete and can contain contributions from multiple individuals. In the 
current study, two models, a semi continuous and fully continuous model will explore low 
level STR profiles that are subject to varying degrees of drop-out and other attributes to low 
level DNA amplification (stutter height, peak height balance, and drop-in).    Therefore, the 
current study will evaluate several commercial software tools for calculating likelihood 
ratios incorporating a probability of drop-out and drop-in for forensic DNA profiles. Ratio 
frameworks will be created to compare the probability of the evidence profile under 
different scenarios, including number of contributors, sample source (known vs. unknowns) 
to evaluate to LR stability. Such studies will inform users on the stability of LRs in several 
different commercial software applications while furthe elucidating factors impacting LR 
stability. 
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P083 Exploring the causes of homozygous allele mismatches in paternity testing using 

massively parallel sequencing 
 Jiarong Zhang*, He Ren, Tingting Yang, Xiaomeng Zhang, Jinding Liu, Chong Chen, Yan 

Shi, Ying Chen, Li Jia, Jiangwei Yan 
 *School of Forensic Medicine, Shanxi Medical University, Taiyuan 030001, China 
  
 In paternity testing, allele mismatches of short tandem repeat (STR) loci between children 

and their parents are often detected, which can be ascribed to nonamplification, replication 
slippage, and other factors. However, in some cases, it was found that both the child and one 
of their parents carried homozygote STR alleles, which makes explaining allele mismatches 
more difficult. By using massively parallel sequencing (MPS), it is possible to obtain not 
only the allele sizes but also the sequences of the STR markers that can be used to explain 
the causes of some allele mismatches. In this study, we selected 35 confirmed paternity 
cases (106 samples involved 14 loci) with children who had homozygous STR profiles that 
were inconsistent with the parents’ profiles on CE typing, and sequenced them using the 
Verogen ForenSeq DNA Signature Prep Kit on the Illumina MiSeq FGx sequencer. Results 
showed that there were six cases in which three loci failed to be amplified due to mutations 
at the primer binding sites, and five involved four loci with allele mutations caused by 
replication slippage. This study suggests that MPS-based STR typing could provide a more 
accurate interpretation of allele mismatches in paternity testing. 
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P084 Orogen: Advanced relationship predictions for genetic genealogy 
 Brit Nicholson* 
 *dna-sci.com 
  
 Relationship prediction is an important early step for determining kinship with previously 

unknown relatives using autosomal DNA. This involves showing all possible relationships 
based on the amount of shared DNA and ranking the relationships in the order of those that 
are most probable. Direct-to-consumer DNA testing services have been providing customers 
with relationship estimations for several years. Their predictions are based on data 
simulation performed by scientists at these genotyping companies. Previously, most 
simulations have ignored crossover interference and have relied on sex-averaged genetic 
maps. Results from Ped-sim, a genetic model that simulates crossover interference and can 
utilize sex-specific genetic maps, have shown that these features have substantial effects on 
the shared DNA between relatives. 
 
In this presentation, we describe Orogen, a new suite of relationship prediction tools that 
integrate Ped-sim to generate more robust relationship predictions. Orogen provides granular 
separation of in-group relationship types, such as half-sibling, grandparent/grandchild, and 
avuncular relationships, that share the same average but can have substantially different 
probabilities at certain centiMorgan values. In addition, paternal and maternal differences 
are shown for relationships from the 1st cousin group and closer. One Orogen tool, which is 
used for matches in which only one relationship is shared, is ideal for integration with sites 
such as GEDmatch. Another tool includes 18 different types of double cousin relationships. 
This presentation will discuss the methodology used to create the Orogen tools and will 
demonstrate case studies of the improved relationship predictions that these tools provide. 
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P085 Unraveling genetic genealogy leads with reconstructed trees using AutoKinship 
 Evert-Jan Blom*, Brit Nicholson 
 *Genetic Affairs 
  
 Forensic researchers using genetic genealogy methods are faced with large lists of DNA 

matches. The AutoKinship tool can provide putative trees for groups of related DNA 
matches using only the shared amount of DNA. First, a clustering tool organizes the DNA 
matches into shared match clusters that likely represent branches of a family. Everyone in a 
cluster will likely be on the same ancestral line, although the MRCA between any of the 
matches and between you and any match may vary. The generational level of the clusters 
may vary as well. By comparing available trees from the members of a certain cluster, it is 
possible to identify ancestors that are common amongst those trees. The common ancestors 
and their descendants are then used to reconstruct a genealogical tree. This methodology 
works for persons with unknown parentage to their birth families (for instance adoptees or 
donor-conceived persons) as well as people that have linked their DNA profile to a tree. 
In contrast to using genealogical trees, AutoKinship automatically predicts family trees 
based on the amount of DNA your DNA matches share with you and each other. 
AutoKinship does not require any known genealogical trees from your DNA matches. 
Instead, it uses simulated probability data provided by Brit Nicholson to predict potential 
relationships between you and your DNA matches. AutoKinship calculates many different 
paths you could all be related to each other. The trees from our analysis are ranked and 
represent the most likely trees out of all the possibilities we calculated. To get the best of 
both worlds, genealogical trees and triangulating segments are combined with AutoKinship 
trees to improve the interpretation and quality of the reconstructed trees. 
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P087 Heterozygosity reduction in children whose parents are closely related 
 Sasitaran Iyavoo*, Michalis Mavrommatis, Simon Knights, Tatiana Petrova, Abigail Bevan, 

Stephen Cummings, Thomas Haizel 
 *IDna Genetics Limited 
  
 Consanguineous marriage is quite common in many regions of the world and inbreeding 

could cause reduction in heterozygosity. Based on this hypothesis, the heterozygosity 
reduction in children of first-cousin couples in South Asian families was studied using 
autosomal STR markers. 
 
Twenty trios were tested in this study, 10 with first-cousin parents and the other 10 with 
unrelated parents. First-cousin relationship between the parents were verbally verified and 
also confirmed using LR threshold of 10 (>90%). Same LR threshold was also used for the 
unrelated parents for confirmation. Parentage was confirmed with probability thresholds of 
99.99%. These statistical analyses were carried out using the 23 autosomal STR markers of 
VeriFiler™ Express PCR Amplification Kit, which were also used for the heterozygosity 
calculations. 
 
The results showed that the average heterozygosity among first-cousin parents was 77.17% 
while it was reduced to 67.93% among the children. Among them, the highest reduction was 
in a child with only 13 heterozygotes (56.52%) while the parents had 17 (73.19%) and 19 
(82.61%) heterozygotes. Conversely, no reduction in heterozygosity was observed in 
children with unrelated parents. A further study with larger data set will provide a better 
understanding of this phenomenon. However, this study indicates that additional familial 
information should be gathered when test samples are collected, especially for duo parentage 
testing with closely related parents. Any potential mutation in this situation should be treated 
carefully and supplementary markers should be added to produce a conclusive result. 
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P088 A robust kinship inference approach based on machine learning method for missing 
person identification 

 Meng Huang*, Muyi Liu, Hongmin Li, Jianye Ge 
 *Center for Human Identification, University of North Texas Health Science Center, Fort 

Worth, Texas, USA 
  
 Estimating the relationships between individuals is the fundamental component of missing 

person identification. Recent advances in whole genome sequencing (WGS) and genotyping 
microarray technology have enabled rapid profiling of millions of single nucleotide 
polymorphisms (SNPs), which provides much higher cumulative discrimination power than 
that of the traditional Short Tandem Repeats (STRs) analysis. However, for missing persons 
cases, the samples (e.g., bones) are usually highly degraded, and ancestry information of 
these samples are usually unknown. Thus, the genotyping error of these samples could be 
high (e.g., ~5% or higher depending on the quality filtering of the data). The Identity-by-
Descent (IBD) segment measures can be easily interrupted by genotyping errors, but the 
genome-wide relatedness measures (e.g., King-robust) that are based on individual markers 
may be more robust to errors. In this study, we describe a machine learning approach that 
combines 17 genome-wide relatedness measures to train classification models aiming to 
reduce the effect of genotyping error and improve the accuracy of relationship estimation. A 
hierarchical classification strategy was implemented, in which a top-level classifier was to 
determine the relationship degrees (e.g., 1st, 2nd, 3rd, and unrelated) and three second-level 
classifiers were for determining the specific relationships within each degree. (e.g., parent-
child or full-sibling for 1st degree). Both simulated and real datasets with various error rates 
(from 1% to 10%) were used to train and test the classifiers. The results showed that this 
approach outperformed the individual measures (e.g., KING-robust). In addition, higher 
accuracies could be obtained using the training sets with the correct error rates (i.e., training 
and test datasets share the same error rate). This new approach also had a robust 
performance with lower density SNPs (e.g., as low as 50K). 
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P090 Empirical validation of a family-member prioritization approach to maximize 
statistical power in missing person cases 

 Mariana Herrera Piñero*, Iungman, M., Bagini, S., Canteros, M., Rabitti, L., Maggiore, J., 
Samsonowicz, T., Herrera Piñero, M. 

 *Banco Nacional de Datos Genéticos 
  
 In missing person (MP) identification, the statistical power that arises from the genetic STR 

profiles of the family group is crucial for establishing clear differences between the person 
of interest and non-related people. In many cases, having low number or low informative 
relatives makes this task harder, and it is convenient to incorporate the profile of other 
relatives, for a better statistical power. As this attempt can have high costs, as exhumations 
might, efforts need to be focused. A conditional simulation approach that combines both 
exclusion and inclusion power has been developed (Vigeland et al, FSIGen,2020) for 
solving prioritization problems arising in such mentioned cases. 
 
The aim of this study is to empirically validate this approach by comparing its predicted 
theoretical priorization model with the observed changes in statistical power in real cases of 
our laboratory, in which new relatives had already been added to increase statistical power. 
Therefore, we selected 15 family groups from our database with different pedigree 
conformations made up of genetic profiles of first, second and third degree relatives of the 
MP. All of them had have low statistical power and were completed with STR profiles from 
bone remains or blood samples from new available relatives. For each addition, we 
simulated 50 conditioned profiles of the respective relative, measured the statistical power 
and compared it with the one obtained from the actual incorporation of the relative. 
Our results show a perfect correlation in all the families in the order of both the inclusion 
and exclusion power measures among the different members evaluated, between the 
prioritization model prior to STR typing the relatives and those obtained when the genetic 
profiles were incorporated to each pedigree. We conclude that the family-member 
prioritization approach is a reliable tool to choose the most appropriate reference relatives to 
complete a family group and improve the identification 
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P091 Bayesian networks for DNA-based kinship analysis: Functionality and validation of the 
GENis missing person identification module 

 Ariel Chernomoretz*, Franco Marsico, Javier Iserte, Mariana Herrera Piñero, Maria Soledad 
Escobar, Manuel Balparda, Gustavo Sibilla 

 *University of Buenos Aires & CONICET 
  
 GENis is a recently published open-source multi-tier information system developed to run 

forensic DNA databases [FSI:Reports 2020]. It relies on a Bayesian Networks framework 
and it is particularly well suited to efficiently perform large-size queries against databases of 
missing individuals. In this contribution we present a validation of the missing person 
identification capabilities of GENis. To that end we introduce 'fbnet', a free-software 
package written in the R statistical language  that implements the complete GENis 
functionality to perform kinship analysis based on DNA profiles.  
 
With the aid of 'fbnet',  we could validate likelihood ratios against theoretical values (for 
simple pedigrees), and against estimations draw with 'Familias' and 'forrel' (two well 
recognized R packages for kinship quantification) for complex pedigrees provided by the 
Argentinian reference databank (Banco Nacional de Datos Geneticos: 
http://www.bndg.gob.ar). 
 
As a conclusion of this validation excercise we found an excellent agreement between 'fbnet' 
LR estimations and the corresponding reference values. In addition, 'fbnet' by itself allows 
us to share with the community the functionality and main design principles behind GENis 
MPI module. Noticeably, in conjunction with other R-packages like 'mispitools', it can be 
used to carry out a simulation framework for decision making in missing person 
identification cases. 
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P092 Optimized variant calling for estimating kinship 
 August Woerner*, Sammed Mandape, Kapema Bupe Kapema, Tiffany Duque, Amy Smuts, 

Jonathan L. King, Benjamin Crysup, Xuewen Wang, Meng Huang, Jianye Ge, Bruce 
Budowle 

 *Department of Microbiology, Immunology and Genetics, Center for Human Identification, 
University of North Texas Health Science Center, Fort Worth, TX 

  
 One of the fundamental goals of forensic genetics is sample attribution, i.e., whether an item 

of evidence can be associated with some person or persons. The most common scenario 
involves a direct comparison, e.g., between DNA profiles from an evidentiary item and a 
sample collected from a person of interest. Less common is an indirect comparison in which 
kinship is used to potentially identify the source of the evidence. Because of the sheer 
amount of information lost in the hereditary process for comparison purposes, sampling a 
limited set of loci may not provide enough resolution to accurately resolve a relationship. 
Whole genome techniques instead can sample the entirety of the genome or a sufficiently 
large portion of the genome and as such they may effect better relationship determinations. 
While relatively common in other areas of study, whole genome techniques have only begun 
to be explored in the forensic sciences. As such, bioinformatic pipelines are introduced for 
estimating kinship by massively parallel sequencing of whole genomes using approaches 
adapted from the medical and population genomic literature. The pipelines are designed to 
characterize a person’s entire genome, not just some set of targeted markers. Two different 
variant callers are considered, contrasting a classical variant calling algorithm (BCFtools) to 
a more modern deep convolution neural network (DeepVariant). Two different genomic 
workflows specific to each variant caller are introduced and evaluated in a titration series. 
Filters and thresholds are then optimized specifically for the purposes of estimating kinship. 
With the appropriate filtering and thresholds in place both tools perform similarly, with 
DeepVariant tending to be more accurate, though the types of inaccuracies produced tend to 
give slightly less accurate overall estimates of relatedness. 
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P093 When DNA lies: One family’s reckoning with an erroneous test result 
 Melanie Thomas Armstrong*, Tynan Peterson 
 *ThroughLine Consultants 
  
 Genetic genealogy (GG) combines autosomal DNA data with traditional research to 

determine the level and type of genetic relationship between individuals. Originally used to 
identify biological parents, it has also become an effective crimefighting tool. The explosion 
of data from at-home DNA tests has broadened the range of situations in which GG can be 
used in a legal context. Perpetrators of fertility fraud, rape, and incest are being identified for 
the first time. 
 
This case study will demonstrate a new forensic GG application. Twenty years ago a 
custody battle was settled based on the results of a paternity test. Eighteen years later, a GG 
analysis correctly identified the birth father and proved that paternity test was wrong. A new 
test confirmed the GG results and revealed how the first paternity test was mishandled. In 
one of the first cases of its kind, the family is pursuing legal action against the companies 
responsible for the original test, suing both for negligence “in obtaining, labeling, handling, 
testing, and reporting tests results.” The case is working its way through the legal process. 
The implications are vast. Genetic genealogy is a powerful investigative tool that can bring 
the truth to light. 
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P094 Evaluating the impact of dropout and genotyping error on SNP-based kinship analysis 
with forensic samples 

 Stephen D. Turner*, V.P. Nagraj, Matthew Scholz, Shakeel Jessa, Carlos Acevedo, Jianye 
Ge, August E. Woerner, Michael Coble, Bruce Budowle 

 *Signature Science, LLC 
  
 Technological advances in sequencing and single nucleotide polymorphism (SNP) 

genotyping microarray technology have facilitated advances in forensic analysis beyond 
short tandem repeat (STR) profiling, enabling identification of unknown DNA samples and 
distant relationships. Forensic genetic genealogy (FGG) has facilitated the identification of 
distant relatives of both unidentified remains and unknown donors of crime scene DNA, 
invigorating the use of biological samples to resolve open cases. Forensic samples are often 
degraded or contain only trace amounts of DNA. In this study the accuracy of genome-wide 
relatedness methods and identity by descent (IBD) segment approaches were evaluated in 
the presence of challenges commonly encountered with forensic data: missing data and 
genotyping error. Pedigree whole genome simulations were used to estimate genotypes of 
thousands of individuals with known relationships using multiple populations with different 
biogeographic ancestral origins. Simulations were also performed with varying error rates 
and types. Using these data, the performance of different methods for quantifying 
relatedness was benchmarked across these scenarios. When genotyping error was low 
(<1%), IBD segment methods outperformed genome-wide relatedness methods for close 
relationships and are more accurate at distant relationship inference. However, with 
increasing genotyping error (1-5%), methods that do not rely on IBD segment detection are 
more robust and outperform IBD segment methods. Reduced call rate had little impact on 
either class of methods. These results have implications for the use of dense SNP data in 
forensic genomics for distant kinship analysis and FGG, especially when sample quality is 
low.   
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P095 Novel mathematical framework for genetic relatedness analysis involving X-
chromosome aneuploidies 

 M. Faustino*, C. Turchi, D. Kling, L. Gusmão, A. Amorim, N. Pinto 
 *Faculty of Sciences of the University of Porto (FCUP); Institute for Research and 

Innovation in Health (i3S), University of Porto, Portugal 
  
 The X chromosome has unique features, such as its haplodiploid mode of genetic 

transmission, which can be crucial to complement autosomal profiling or to disentangle 
complex kinship problems. Indeed, for some cases (e.g. full- or paternal half-sisters, or 
paternal grandmother-granddaughter hypotheses), X-linked markers are expected to provide 
similar power to the obtained with autosomes in paternal/maternal testing. Both theoretical 
and informatics frameworks for pairwise X-linked kinship analyses are well established for 
individuals with a regular number of chromosomes, but these are still lacking for individuals 
exhibiting an X chromosome aneuploidy. These aneuploidies are characterized by the gain 
or loss of one or more X chromosomes, e.g., Trisomy X (47, XXX) or Turner syndrome (45, 
X0) in females, and Klinefelter syndrome (47, XXY) in males, and affect approximately 
1/500 newborns. This work was motivated by a real forensic case involving the evaluation 
of the hypotheses that two women were either related as paternal half-sisters or as unrelated, 
one of them showing a trisomy X. In this case, the analysis of X chromosomal markers 
would yield strong results compared to autosomes, as females had to share at least one 
identical allele in each analysed X chromosome marker under the paternal half-sibling 
hypothesis unless a mutation occurs. To fulfil this gap, we present a theoretical framework 
to quantify the genetic evidence of X-linked markers for any pairwise kinship problem, 
when one of the individuals shows an X chromosome aneuploidy. The joint genotypic 
algebraic expressions presented will allow the quantification of the evidence on the referred 
cases but also leverage the validation of dedicated informatics tools once these are available. 
This approach will improve the quantification of DNA evidence in forensic casework, but 
also in the field of medical genetics. 
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P096 Discrete Laplace as applied to the SWGDAM-compliant U.S. subpopulations in YHRD 
 Brandon Letts*, Chris Askew, Suzanne Barritt-Ross, Mary Lou Nicholson, Dixie Peters, 

Jeanette Wallin, Michael D. Coble, Constance Fisher, Ann Marie Gross, Marla Kaplan, 
Steven Myers, Lutz Roewer, Sascha Willuweit 

 *Scientific Working Group on DNA Analysis Methods, Lineage Marker Committee 
  
 Late in 2021, YHRD added the capability to perform discrete laplace statistical calculations 

on searches performed against their SWGDAM-compliant US subpopulations. Because 
discrete laplace is not a commonly used or reported statistic in the United States, the 
SWGDAM Lineage Marker Committee, responsible for maintaining the SWGDAM 
Interpretation Guidelines for Y-Chromosome STR Testing, evaluated the feature to assess 
its ease of use and applicability to U.S. casework. Discrete laplace calculates profile 
probabilities based on their genetic distance from sets of ancestral alleles and can yield 
much more informative probability estimates than the commonly used Clopper Pearson 95% 
upper confidence interval (UCI). This is especially true for rare profiles with no database 
observations because unlike the 95% UCI, the discrete laplace calculation is not based upon 
how many times a profile is observed in the database. However, the statistic as applied by 
YHRD also has some limitations, such as a requirement that the query profile is complete 
for the ‘minimal’ kit and that expanded loci beyond those included in the Y17 kit cannot be 
included in the calculation. Here, we explain how discrete laplace works, show how to apply 
it in YHRD, and demonstrate how the results compare to those generated using the 95% 
UCI. 
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P097 Male Pedigree Toolbox: A software package to analyze Y-STR data obtained from 
male pedigrees 

 Arwin Ralf*, Diego Montiel González, Bram van Wersch, Manfred Kayser 
 *Erasmus MC 
  
 Y-STRs are commonly used in forensic genetics where they are mostly applied for 

identifying the paternal lineage of the male perpetrator from mixed male-female samples in 
sexual assault cases. In recent years, new generations of commercial Y-STR kits containing 
more markers than their predecessors became available, further increasing paternal lineage 
resolution. Rapidly mutating Y-STRs (RM Y-STRs) were identified as new class of Y-STR 
markers that proved useful for largely increasing male relative differentiation which is 
limited using Y-STRs with lower mutation rates. RMplex was developed as effective 
method to analyze 30 Y-STRs with increased mutation rates. The newly available kits, 
markers, and methods hold promises for new Y-STR-based forensic solutions such as 
patrilineal forensic genealogy. Existing RM Y-STR knowledge was mostly derived from 
father-son pair studies with restrictions in pair numbers and population origins. An 
alternative, less resource intensive, approach is to use male relatives of various degrees of 
paternal relationships by analyzing (deep rooting) male pedigrees instead of father-son pairs. 
Here, we present Male Pedigree Toolbox, a software package for analyzing Y-STR data 
obtained from male pedigree samples. The toolbox allows calculating the number of 
mutations between each individual for estimating mutation rates and male relative 
differentiation rates, including  visualizations, solely based on pedigree structures and Y-
STR genotypes. The novel software further predicts the degree of relationship by calculating 
the range of meioses separating two males solely based on their genotypes using simulation-
based models and also allows to build new models for custom-made Y-STR sets or using 
modified (e.g., population-specific) mutation rates, in addition to other analyses. Male 
Pedigree Toolbox is designed to fit the needs for everyone who works with Y-STR data in 
forensic and non-forensic research and in forensic case-work. 
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P100 How frequently are autosomal and X-chromosomal STRs multistep mutations 
perceived as having fewer steps? 

 Sofia Antão-Sousa*, Eduardo Conde-Sousa, Leonor Gusmão, António Amorim, Nádia Pinto 
 *Institute for Research and Innovation in Health (i3S), Universidade do Porto, Porto, 

Portugal; Institute of Molecular Pathology and Immunology of the University of Porto 
(IPATIMUP), Porto, Portugal; Department of Biology, Faculty of Sciences of University of 
Porto (FCUP), Porto, Portugal; DNA Diagnostic Laboratory (LDD), State University of Rio 
de Janeiro (UERJ), Rio de Janeiro, Brazil 

  
 Short tandem repeat mutation rates are usually estimated considering the rates of observed 

Mendelian incompatibilities in parent(s)-child duos or trios (hereafter MIA, Mendelian 
Incompatibility Approach). Through MIA, multistep mutations are necessarily 
underestimated due to the occurrence of mutational events deceptively perceived as 
involving fewer steps, which are assumed to be more frequent. This depends on the mode of 
genetic transmission, the parental origin, the type of familial configuration, and the 
genotypic background of the population. The biases obtained when the MIA is employed 
were weighted for the diploid and haplodiploid modes of transmission, using familial 
genotypic configurations (parent(s)-child duos and trios) generated resorting to Python™ 
and real populational databases. Two- and three-step mutations were simulated in each of 
the 6,000,000 generated familial configurations. The frequency with which mutations could 
be interpreted as involving fewer steps, when the most parsimonious reasoning is employed, 
was computed. Results showed that the magnitude and type of biases depend on the type of 
familial data and the genetic mode of transmission. The rates were higher in duos than in 
trios, both in autosomes (38.4% and 19.1%, resp.) and the X chromosome (33.1% and 
14.4%, resp.). The greater the number of steps involved in the mutation, the worst were the 
estimates obtained (for autosomes in duos e.g., 32.2% for two- and 44.6% for three-steps). 
In X-chromosomal analyses, trios with paternal mutation presented the best estimates (6.2% 
for two- and 7% for three-step mutations) and mother-daughter duos the worst (34.3% for 
two- and 49.4% for three-step mutations); mother-son duos have identical estimates to trios 
with maternal mutation (for two-step mutations, 18.4%). Whether X- or aut-STRs are 
analyzed, trios generally provide better estimates and should always be favored over duos. 
The pooling of the two types of data must not be considered. 
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P101 Five years of STRidER - what’s now and what’s next? 
 Martin Bodner*, Walther Parson 
 *Institute of Legal Medicine, Medical University of Innsbruck, 6020 Innsbruck, Austria 
  
 STRidER, the STRs for Identity ENFSI Reference Database, is a curated online high-quality 

allele frequency population database, quality control and software platform for autosomal 
STRs. It was launched in mid-2017 expanding on the ENFSI STRbASE (2004-2016). The 
provision of allele frequency data for download, the assessment of population datasets 
before publication and the curated Forensic STR Sequence Structure Guide have become 
widely used features of STRidER that offers all services for free. While the error types and 
rates detected in the first two years of STRidER dataset quality control have been presented, 
much work related to STRidER has since occurred behind the scenes. In this presentation, 
trends in the submitted datasets over the years will be discussed along with observations on 
the publication fate of data after STRidER quality control. Ongoing and future developments 
relevant to the forensic community will be presented regarding different aspects of the 
STRidER database, including minimum dataset requirements and ethics, sequenced STR 
allele nomenclature, database updates and amendments. 
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P102 Challenging STR allele discordances in case of the validation of massively parallel 
sequencing method 

 Balázs Kocsis*, Balázs Egyed, Norbert Mátrai 
 *Eötvös Loránd University; Hungarian Institute for Forensic Sciences 
  
 Examination of STR markers with MPS technology is becoming more common in forensic 

genetics, however it is not uncommon to obtain uncertain results, and it is essential to 
resolve discordances if we want to use the technology in routine caseworks as an accredited 
method as well. In this study, we present some discordant results that occurred during the 
validation of the Precision ID Globalfiler NGS STR panel v2 kit. During the NGS STR 
panel validation almost 10% of the samples harboring allele 14 at vWA locus based on CE 
analysis results, was observed having missing alleles by applying the manufacturer's 
recommended Converge software. Instead, foreign alleles 12 and 15 were detected in these 
samples. However, using the STRaitRazor software we obtained the expected allele 14 in 
each case. We evaluated the raw sequences by IGV software, and the presumed reading 
error of the Converge had been apparently visible. Other significant difference was detected 
in 3% of the samples at Penta E locus. Here, each software that we applied (i.e., Converge, 
STRaitRazor and IGV) determined allele 12 in the genotypes of the NGS STR panel, 
however using PCR based fragment-analysis on two different CE-based systems we clearly 
detected an allele 11.3 in each sample. To further explore the observed discordance in the 
case, we perform Sanger sequencing, that will be presented in the poster during the 
Congress. 
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P103 A novel panel of highly polymorphic pentameric STRs 
 Ana Mosquera-Miguel*, María de la Puente Vila, Alexandra Staniewska, Adrián Ambroa-

Conde, Jorge Ruiz-Ramírez, Ana Freire-Aradas, Christopher Phillips, María Victoria Lareu 
Huidobro 

 *Forensic Genetics Unit, Institute of Forensic Sciences, University of Santiago de 
Compostela, Santiago de Compostela, Spain 

  
 Situations where the current genetic marker panels do not provide the discrimination power 

needed are still quite frequent, despite several marker sets being available for forensic 
purposes. Casework such as distant kinship analyses are among such situations, where 
distant presumptive family members require analysis of their relatedness. Regularly we need 
to genotype several marker panels to obtain higher discrimination power. Although 
strategies such as MPS panels could be a possible approach, its lack of scalability for 
casework limits its use. 
 
We have developed a complementary pentameric STR panel, analyzed by PCR-CE, the gold 
standard technique in forensic labs, focusing on novel and highly polymorphic markers, 
filtered during our selection process to maintain distance from established forensic markers. 
Pentameric STRs were selected due to their lower stutter ratio, a feature especially important 
when analyzing mixed DNA samples, typical of criminal casework. 
 
Here we present the results of the designed pentameric panel, including the characterization 
of the STR panel, but also the high levels of polymorphism found in population data, and the 
evaluation of its applicability to routine casework made in our laboratory, including distant 
kinship analyses, testing of remains from missing persons and criminal casework. 
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P104 An ambiguous sequence-based allele of SE33 
 Tikumphorn Sathirapatya*, Hasnee Noh, Poonyapat Sukawutthiya, Wikanda 

Worrapitirungsi, Kornkiat Vongpaisarnsin 
 *Department of Forensic Medicine, Faculty of Medicine, Chulalongkorn university, 

Bangkok, Thailand 
  
 SE33 was a well-known autosomal short tandem repeat (STR) marker that was high 

polymorphic and therefore was high discrimination power. At present, sequence structure of 
STR markers had been explored increasingly by the coming of next generation sequencing 
(NGS) technology. This resulted in development of new locus designation and allele 
nomenclature that was also backwards compatible with the conventional capillary 
electrophoresis. SE33 was one of the STR markers that had been coamplified by Forenseq™ 
Signature Prep Kit (illumina) but was not analyzed and illustrated in the Universal Analysis 
Software (UAS) (illumina). In this study, we reported an ambiguous sequence-based allele 
16.3 of SE33 locus. This allele had been observed while analyzed FASTQ file by STRait 
Razor 3.0. The configuration file was modified from the previous studies that included 15 bp 
of 5’flanking region and 24 bp of 3’ flanking region. The ambiguous allele was called 16.3 
(106 bp) with read count of 2,070. However, sequence of the repeat region cannot designate 
as allele 16.3. Several possible scenarios for allele designation were presented and 
discussed. 
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P107 Genetic variation of different Peruvian population using 23 autosomal STR markers 
 Carlos David Neyra Rivera*, Bruce Budowle 
 *Universidad Privada Peruano Alemana, Lima, Peru 
  
 Peru is an ethnically diverse country that has different populations that are classified 

according to which region they reside (Coast, Sierra, Selva). However, there also are native 
populations that are distributed across the Coast, Sierra and Selva. In the present 
investigation, 669 individuals distributed in 11 populations were genotyped: three mestizo 
samplings (n=164 Costa, n=30 Sierra and n=7 Selva) and 8 population samplings of native 
individuals from the jungle and the sierra (people whose parents and grandparents were born 
in the area) were studied. The population of the jungle were from Amazonas (n=54), Loreto 
(n=187) and Madre de Dios (n=37), individuals from Puno (n=10 Chucuito, n=35 Islands, 
n=60 Border with Bolivia, n=52 Yunguyo and n=33 far from the border with Bolivia). A 
blood sample was taken by finger puncture from each donor and placed on Nucleid-Cards, a 
1.2mm punch was taken from each card, amplified by direct PCR using the Verifiler 
Express kit, the amplified products were detected in the 3500XL Genetic Analyzer and the 
data were imported into the GeneMapper® ID-X v1.5 software to generate the genetic 
profiles. Data were analyzed using Arlequin v 3.5.2.2 for the studied populations, and R 
software for Multidimensional Scaling. The populations that have an Fst value less than 0.01 
were the populations Cost-Mestizo with the Sierra-Mestizo, Jungle-mestizo, Puno-no-
border-Bolivia, Puno-Chucuito, Puno-Islands, and Puno-Yunguyo; Sierra-mestizo with Puno 
populations; Jungle-mestizo with Loreto, Puno-Island and Puno-Border-Bolivia. All Puno 
populations had a Fst value less than 0.01. The rest of the population comparisons showed 
Fst values greater than 0.01, which would indicate a notable population substructure. These 
results support that studies should continue on increasing these populations and 
characterizing other populations to have a better understanding of genetic diversity and how 
it applies to identification and paternity cases in Peru. 
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P108 Population genetic data for 17 non-CODIS STR loci for the Saudi Arabian population 
using the SureID®23comp Human Identification Kit 

 Hussain M. Alsafiah*, William Goodwin 
 *Forensic Genetics Laboratory, General Administration of Criminal Evidences, Public 

Security, Ministry of Interior, Riyadh, Saudi Arabia 
  
 The extended number of STR markers required for the CODIS and for the ESS, has led to 

the development of GlobalFilerTM PCR Amplification Kit, VeriFilerTM Plus PCR 
Amplification Kit (Applied biosystems), PowerPlex® Fusion 6C system (Promega 
Corporation) and Investigator® 24plex (Qiagen). The information obtained from these kits 
will be sufficient in most kinship cases; however, it is still possible to have inconclusive 
results in complex cases. Kinship testing can be further complicated when the level of 
consanguinity in the target population is relatively high, or when the family pedigree is 
deficient.  
 
As most loci are shared between the commonly used kits, the maximum number of aSTRs 
(autosomal STRs) that can be tested, when combining any two kits, is 24 STRs (e.g. 
VeriFilerTM Plus and PowerPlex® Fusion 6C), which necessitates the use of a 
supplementary STR kit when more loci need to be tested. SureID® 23 comp Human 
Identification kit (Health Gene Technologies, China), combines amelogenin and 22 
autosomal STRs, 17 of which are non-CODIS STRs. Twelve of the non-CODIS STRs are 
not included in other available supplementary kits, such as Investigator® HDplex Kit 
(Qiagen) and PowerPlex® CS7 System (Promega Corporation).  
 
Our previous work focused on validating the kit using the minimum criteria for validation 
recommended by the European Network of Forensic Science Institutes and by the scientific 
working group on DNA analysis Methods using 500 samples from the population of Saudi 
Arabia. The data of the 17 non-CODIS STRs was sent to STRidER for quality control check 
and was approved (dataset reference number of STR000178). 
 
In our poster, the allele frequency data for the Saudi population will be presented (the allele 
frequency data has not been published). In addition, the results of population comparison 
tests (FST values and population differentiation exact test) of the Saudi population and other 
published data will also be presented. 
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P110 A comprehensive GlobalFiler®  autosomal STR reference dataset for Southern Africa 
 Mohaimin Kasu*, Mohaimin Kasu, Mpasi Leseaona, Maria Eugenia D’Amato 
 *University of the Western Cape 
  
 The use of genetic markers in forensic investigations has been widely applied in human 

identification and kinship testing.  Southern Africa populations are known to harbor a large 
degree of genetic diversity but remain largely understudied. In this study n= 832 autosomal 
DNA profiles are compiled for the GlobalFiler® STR panel. The dataset includes South 
Africa (SA) profiles (n=541) produced by Ristow et al.2016 and includes newly generated 
data for SA sePedi (n =96) and Lesotho populations (n =195). 
   
For the newly generated genotypes (n = 291), we report a significant level of rare and novel 
variation. In the sePedi population, 3 novel off-ladder microvariants and 2 TPOX tri-alleles 
and in Lesotho, 2 novel off-ladder microvariants, 43 rare variants and 5 TPOX tri-alleles 
were identified.  We report allelic frequencies, forensic summary statistics and genetic 
diversity parameters calculated using FORSTAT and ancestry informative loci using 
Infocalc. Expected heterozygosity and observed heterozygosity ranged between (0.7 to 0.9), 
the most polymorphic loci was SE33 and TH01 the least. For SA sePedi and Lesotho 
genotypes the Combined Match Probability was (1.13 x10^-24 and 6.035 x10^-24) and the 
Combined Paternity Index was (1.4 x10^9 and 2.44 x10^8) respectively. The power of 
exclusion (0.9999) was similar between datasets and no significant departures from Hardy-
Weinberg equilibrium (HWE) were observed after Bonferroni correction. Furthermore, 
genetic structure for the South African and Lesotho datasets was analyzed and discussed 
using Analysis of Molecular Variance (AMOVA) and STRUCTURE based on unsupervised 
Bayesian clustering.  
 
The STR data produced herein makes a valuable addition to a growing allele frequency and 
reference dataset for Southern African populations. We observed a high level of novel STR 
microvariants and rare alleles which strongly signifies the potential of additional hidden 
variation. 

 
  



137 
 

P111 Comparisons between Japanese and Han-Chinese populations in terms of 261 
autosomal STR loci 

 Toshimichi Yamamoto*, Kentaro Doi, Ryutaro Fukami, Takashi Yoshimoto, Yujin Natori, 
Akira Ishii 

 *Department of Legal Medicine and Bioethics, Nagoya University 
  
 In this study, each 32 Japanese (J) and Han (C) individuals were genotyped for 261 

autosomal STRs and the allele frequencies for each locus in each population (Pop) were 
calculated using GenAlEx6.503 software, where the average number of alleles for the all 
loci was 6.65 and 6.56 in each Pop, respectively. The tests for deviations were performed by 
an exact test using Arlequin 3.5.2.2 software, then the number of STRs without the 
significant deviation (P > 0.05) was 236 and 241 in J- and C-Pops, respectively. Then, some 
forensic parameters were calculated using STRAF 1.0.5 web site, and the heterozygosity 
observed and the mean of exclusion were 0.7185 and 4813, and 0.7308 and 0.5008 in J- and 
C-Pops, respectively. In addition, population genetical analysis such as PCA using STRAF 
1.0.5 web site and FCA (factorial correspondence analysis) using Genetix 4.05 software, and 
a differential formula with likelihood ratios were performed with various numbers of STR 
loci based on an effectiveness for differentiation between the both populations. Accordingly, 
this study suggested that it is possible to differentiate statistically between genetically close 
populations such as J- and C-Pops if about 40-50 effective STR loci would be analyzed. 
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P112 STRSeq: The evolution of the STR sequencing project 
 L.A. Borsuk*, P.M. Vallone, K.B. Gettings 
 *National Institute of Standards and Technology, Applied Genetics Group, Gaithersburg, 

MD, USA 
  
 The STR Sequencing Project (STRSeq) began in 2017 to catalog sequences at the Short 

Tandem Repeat (STR) loci commonly used for human identification [1]. Working with 
NCBI and the forensic community, a GenBank record template was developed to include 
information of value to the forensic community. Records contain: 1) complete sequence 
strings from commercial forensic sequencing assays, 2) genomic locations of the targeted 
STRs, 3) information provided by length-based assays, and 4) nomenclature information that 
includes bracketing of the STR and identified flanking variations. In the last five years, over 
2500 unique sequence records have been uploaded to GenBank, including sequences from 
twelve publications, covering 68 STR loci.  
 
The movement toward implementing sequencing-based technology for STR loci requires 
that the new, sequence-based, results are compatible with the standard, length-based, results. 
Currently, an ISFG DNA Commission on STR Nomenclature is working to standardize the 
reporting of forensic STR sequences. STRSeq records will be updated to incorporate the 
recommendations of the Commission to standardize the information reported. The updates 
to the STRSeq record will be outlined in this presentation.  
 
1.     Gettings KB, Borsuk LA, Ballard D, Bodner M, Budowle B, Devesse L, King J, Parson 
W, Phillips C, and Vallone PM: STRSeq: A catalog of sequence diversity at the human 
identification Short Tandem Repeat loci. Forensic Science International: Genetics. 2017; 
31:111-117 
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P113 Population data for 94 human identity SNPs in four U.S. population groups 
 Kevin M. Kiesler*, K.B. Gettings, L.A. Borsuk, C.R. Steffen, P.M. Vallone 
 *National Institute of Standards and Technology 
  
 The National Institute of Standards and Technology (NIST) sequenced 1036 human DNA 

samples from four United States population groups (African American, Asian, Hispanic, and 
Caucasian) using the ForenSeq DNA Signature Prep Kit (Verogen, San Diego CA, USA) 
with Primer Mix B (DPMB). DNA sequencing was performed on a MiSeq FGx instrument 
(Verogen).  In addition to STR markers, DPMB includes amplification primers for single 
nucleotide polymorphisms (SNPs) used for individual identification (iiSNPs, n = 94), 
ancestry inference (aiSNPs, n = 56), and phenotype prediction (piSNPs, n = 22). Resulting 
sequencing coverage information was interpreted for the 94 iiSNP markers. Allele 
frequencies and relevant forensic statistics were calculated for each population group. Here 
we present match probabilities computed from the 94 iiSNPs compared to those derived 
from 27 autosomal STR loci using sequence-based and length-based allele frequencies [1,2]. 
Variations in match probabilities and forensic statistics by population group are also 
explored.  
 
[1] Gettings K.B., Borsuk L.A., Steffen C.R., Kiesler K.M., Vallone P.M. (2018) Sequence-
based US population data for 27 autosomal STR loci. Forensic Sci Int Genet 37:106-115.  
[2] Hill, C.R., Duewer, D.L., Kline, M.C., Coble, M.D., Butler, J.M. (2013) U.S. population 
data for 29 autosomal STR loci. Forensic Sci. Int. Genet. 7: e82-e83. 
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P115 Accumulation of population polymorphisms in the mitonuclear genome with probable 
adaptive effect to extreme environments as altitude for forensic purposes 

 Gian Carlo Iannacone*, Pablo Ramirez Roca 
 *Instituto de Medicina Legal del Peru 
  
 The aim was to analyze the nuclear genomes of 26 populations (81 genes associated with 

extreme environments) and 3295 mitochondrial genomes of 47 populations. We use an 
algorithm to determine the accumulation of polymorphisms by segments of the genome and 
thus be able to perform the multivariate analysis between populations. The results showed in 
Peruvian population a significance mitonuclear relation for 113/293970 nuclear SNPs in 
16/81 gene corresponding to ADRB3, DLC1, COL5A1, DSCAM, COL24A1, MRPP3, 
EPAS1, FLT1, PPARGC1A, PPP3CA , ANKS1B, TENM2, BACT1, rs1692120, rs1372635 
and rs3564453. In the case of the mitochondrial genome were significant for positions 
11177 ND4, 6473 COX1, 3547 ND1, 827 12S, 9950 COX3 and 6755 COX1. For the 
Peruvian population, the MRPP3 had the greatest contribution with respect to the world. 
These SNPs in populations genetically close to Peru can be applied to forensic genomic 
phenotyping  to identify groups likely adapted to extreme conditions (such as altitude), 
considering that the adaptation history in the same extreme condition could include some 
different SNPs and genes in genetically distant populations, as it has been observed in 
studies among Andean and Tibetan populations. 
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P116 Analysis of ethnic origin asymmetries in uniparental lineages in Argentinian 
population 

 Florencia Gagliardi*, Martín Iungman, Luciana Rabitti, Malena Canteros, Nicolás Furman, 
Mariana Herrera Piñero 

 *Banco Nacional de Datos Genéticos 
  
 Argentinian ethnic composition results of the contribution of three main elements: Native 

American population, the European contingents -mainly male- arrived during and after 
Spanish conquest and Africans brought as slave labor. This work aims to analyze 
Argentinian ethnic composition and its miscegenation by studying lineage markers. We 
analyzed the mitochondrial DNA Control Region (between positions 16024 and 576) and 
the Y-STRs haplotypes of 1580 blood samples from unrelated male donors. MtDNA 
haplogroups were attributed via EMPOP (https://empop.online). Y haplogroups were 
assigned using Haplogroup Predictor (http://www.nevgen.org). 
 
The results indicate a prevalence of Amerindian maternal lineages (68.7%) compared to the 
observed in paternal Native American contribution associated with haplogroup Q (4.2%). 
Furthermore, most of the paternal lineages are of Eurasian origin (92.5%) with a large 
contribution from Spain and Italy (50.4%). Regarding the contribution of African origin, 
very similar values were obtained for both lineages (values around 4%). 
 
The independence analysis has shown significant differences with those expected by random 
crosses (p-value <0.05). When analyzing differences between the observed and expected 
crosses by random miscegenation, we noticed that the most significant deviation was given 
by a greater association of the Native American paternal lineage with a maternal lineage of 
the same origin, with respect to other origins. 
 
Additionally, the four major Native American haplogroups in Argentinian maternal lines 
(A2, B2, C1 and D1+D4h3a) have similar representation and miscegenation with the 
different paternal lineage origins. 
 
The results agree with a model where the interbreeding between Native women and 
European men prevails. This has been widely observed in American continent as a result of 
conquests and European migratory currents along the history. 
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P117 Delving into the genetic diversity of maternal and paternal lineages in admixed 
populations from the Andean region of Colombia 

 Leonor Gusmão*, Ribeiro B, Ribeiro R, Gomes V, Simão F, Castillo A, Ossa H, Amorim A, 
Prata MJ 

 *State University of Rio de Janeiro (UERJ), DNA Diagnostic Laboratory (LDD), Rio de 
Janeiro, Brazil 

  
 After the settlement of humans in North America, crossing the Panama Isthmus to reach 

modern-day Colombia would represent the expansion gateway to South America. The 
genetics of Colombian populations may shed light on the human arrival and spread across 
South America, as well as on the dynamics of the admixture process that started soon after 
Columbus disembarked at the New World. Furthermore, their study will contribute to 
increase the representativeness of Colombian populations in databases implemented with 
forensic genetics purposes. 
 
Here we evaluated the genetic diversity of admixed populations from Cundinamarca and 
Tolima, two departments from the Andean region of Colombia, through the genotyping of 
Y-chromosomal and mtDNA markers. 
 
In both populations, a differential paternal/maternal admixture ratio was discernible. Y 
chromosome diversity encompassed a majority of non-Native lineages, mainly of Eurasian 
and more residually of African ancestry. Contrarily, mtDNA diversity was overtly 
dominated by lineages of Native-American descent, although containing small inputs of 
lineages of Eurasian origin. This is consistent with the well documented asymmetric pattern 
of mating, involving mostly European men and Native-American women, that established 
the neo-American populations in post-Columbus times. 
 
Cundinamarca and Tolima showed very high levels of genetic diversity at both uniparental 
markers. However, while the differentiation between Cundinamarca and Tolima was not 
significant when assessed through Rst distances yielded with Y-STRs, it was statistically 
significant for mtDNA, especially when considering restrictively the highly prevalent 
Native-American lineages. Since no signs of drift effects were detected in mtDNA diversity, 
the differentiation between Cundinamarca and Tolima seems to reflect the retention of 
heterogeneous pools of mtDNA lineages, whose dissection might give important insights 
into the mtDNA architecture of Colombia in pre-Columbus times. 
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P118 mtDNA genetic diversity in the population from Santander department (Colombia) 
 Adriana Castillo*, Filipa Simão, Fernando Rondón, Elizeu Fagundes de Carvalho, Leonor 

Gusmão 
 *Genetics Laboratory, Industrial University of Santander, Bucaramanga, Colombia 
  
 The population of Santander department, northeastern Colombia, has been previously 

characterized for autosomal and sex-chromosomal specific genetic markers of forensic 
relevance. The results have shown high genetic diversity, derived from population events 
such as admixture. However, for this population, the genetic composition and distribution of 
mtDNA haplotypes is still unknown. Thus, there is no mtDNA database available for 
forensic investigations. This study presents preliminary results of mtDNA control region 
sequencing of 154 individuals born in Santander department. The haplotype diversity was 
high (0.9925 +/- 0.0023, considering all positions). The total sample comprised 116 different 
haplotypes, of which 99 were not shared among individuals. Nonetheless, the exclusion 
power was low (0.9649), although in accordance with what is found for other south 
American admixed populations. Santander is composed, mostly, by native maternal lineages 
(90%), showing low proportions of European (7%) and African (3%) haplogroups. This 
ancestry distribution is in accordance with what is usually found for other admixed 
populations from the Andes region of the subcontinent. 
 
The data obtained in this study will be used in the construction of mtDNA database from 
Colombia. The construction of a mtDNA reference database for Colombian populations is of 
great need, particularly for human identification in armed conflict incidents that happened in 
the country for years. 
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P121 Sample collection strategies when building mitochondrial DNA forensic databases 
 Filipa Simão*, Adriana Castillo, Germán Burgos, Leonor Gusmão 
 *DNA Diagnostic Laboratory, State University of Rio de Janeiro, Rio de Janeiro, Brazil 
  
 Representative forensic databases are particularly important in South America due to its 

high heterogeneity. When establishing mtDNA databases many researchers choose to 
restrict the sampling to individuals with inheritance for three generations in a specific 
geographic location. To evaluate if differences exist on the genetic composition of 
populations across generations, we analyzed the maternal background of populations from 
several departments in Colombia, Ecuador, and Paraguay. The CR haplotypes were grouped 
according to individual, mother, or grandmother department of birth. Non-significant FSTs 
were obtained among different generations from the same department, pointing to a 
homogeneity over time. Nonetheless, we cannot discard that the absence of statistically 
significant differences is due to sample size. In fact, if only the individuals with three 
generations at the specific birthplace were considered, the values of haplotype diversity and 
exclusion power were lower in some comparisons with the group of individual’s birthplace. 
For establishing databases that capture the existing diversity in populations, the sample 
collection strategy is a determining factor and caution must be taken when choosing the 
suitable approach. 

 
  



145 
 

P122 Forensic and population genetic analyses of the Serbian population typed with the 
novel 26 RM Y-STR multiplex assay 

 Rashed Alghafri*, Reem Almheiri, Reem Lootah, Abdullah Albastaki, Iman Almarri, Afra 
Alreyami, Dragana Zgonjanin 

 *Institute of Forensic Medicine, Clinical Center of Vojvodina, Novi Sad, Serbia; Faculty of 
Medicine, University of Novi Sad, Novi Sad, Serbia 

  
 Recently, the interest of the forensic community has been focused on new Y-chromosomal 

short tandem repeats (Y-STRs), termed Rapidly Mutating Y-STRs (RM-YSTRs), which are 
able to differentiate between close male relatives belonging to the same paternal lineage due 
to their high mutation rates. The discovery of these markers happened on two stages, first 
stage was in 2010 when 13 markers were discovered, whereas the second stage is the reveal 
of 12 additional RM Y-STRs in 2021. In this study, we have estimated a mutation rate for 13 
RM-YSTR in 85 pairs of male relatives in the population of Serbia. We analyzed 74 father-
son pairs, and 11 twin pairs, to evaluate the capacity of distinguishing between male subjects 
within a single lineage. Each father-son couple was previously confirmed by autosomal 
STRs testing (AmpFℓSTR® Identifiler Plus™ kit, Applied Biosystems) with paternity 
probability ≥99.99% and also confirmed monozygotic or dizygotic twins. The same set of 
samples was analysed using previously designed 13 RM Y-STR multiplex assay. Therefore 
in this study we will demonstrate the impact of the additionally released 12 RM Y-STRs 
compared to the previously revealed 13 TM-Y-STRs and also we will be able to assess the 
efficiency of the newly designed 26 RM-Yplex assay in differentiating close male relatives 
based on the analysis of the 26 RM Y-STRs simultaneously. Our findings are encouraging 
and concur with previous studies showing that by RM Y-STR typing the discrimination 
power of close male relatives could be considerably increased in comparison to every Y-
STR markers commonly used in forensic genetics. 
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P123 Haplogroup prediction in the Ghanaian population using haplotype data of 27 Yfiler 
Plus loci and TaqMan SNP genotyping 

 Pet-Paul Wepeba*, Arati Iyengar, Chrissie Stansie Abaidoo, William Goodwin 
 *University of Science and Technology, Kumasi, Ghana 
  
 Africa is a very diverse continent in terms of genetic make-up, and whilst many studies have 

used African populations when studying human evolution and migrations, very few forensic 
genetic studies have been conducted in sub-Saharan Africa. 
 
Y-STRs are very useful in sexual assault cases, especially in male-female DNA sample 
mixtures. Currently, limited forensic genetic studies have been conducted in Ghana to 
characterise the population structure. This study describes the use of the 27 loci Yfiler® Plus 
kit and the TaqMan SNP genotyping method to characterise and predict the haplogroups of 
the four major ethnic populations of Ghana. The dataset passed the quality checks of the Y-
chromosome STR Haplotype Reference Database (YHRD) and is available from YHRD, 
release 62 (YA004641-Akan; YA004643-Ewe; YA004644-Ga-Adangbe and YA004645-
Mole-Dagomba. 
 
Haplogroups were assigned to the generated haplotypes in the study using the desktop 
NevGen software (www.nevgen.org). The prediction suggests that the E1b1a and E1b1b 
haplogroups are the most common in the Ghanaian population and forms 95% of the dataset. 
The Mole-Dagomba sub-population however had 4. 8% assigned to the haplogroups; G, H, 
R1b, R2 and T. The Ewe had two samples assigned to haplogroups C and D whilst the Akan 
had one sample each assigned to haplogroups B, J1 and J2, respectively. All the haplogroups 
were assigned with 99% probability. Haplotypes in the dataset without a direct match with 
the haplogroups within the prediction model were assigned >98% misassignment and <20% 
haplogroup fitness probabilities and designated as unpredicted (UP). In total, 6/588 (1. 02%) 
were unpredicted. 
 
The NevGen predicted haplogroups were further screened with TaqMan genotyping for 
confirmation.  In conclusion, about 95% of the dataset was genotyped as M-E1b1a, 
confirming the software predictions and 5% as other haplogroups. 
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P126 Forensic assessment on the application of a virtual pool of 30 Y-STRs 
 Giulia Soldati*, Stefania Turrina, Domenico De Leo 
 *Department of Diagnostics and Public Health, Unit of Forensic Medicine - Forensic 

Genetics Laboratory, University of Verona, Italy 
  
 The PowerPlex® Y23 System, the Yfiler™ Plus PCR Amplification Kit, and the 

ForenSeqTM DNA Signature Prep Kit are commercially available forensic kits that allow 
the simultaneous analysis of 22-25 Y chromosome STRs by capillary electrophoresis (CE) 
and massively parallel sequencing (MPS) techniques. 
 
Forensic parameters for each kit are widely available throughout the world, allowing their 
appropriate use in different forensic applications. However, to dispose of a larger pool of 
markers would allow for a higher discrimination power, resulting in increasingly accurate 
and precise individual identification in many forensic circumstances.  
 
For this purpose, it has been evaluated by in silico analysis if the overall combination of the 
Y-STRs from these three kits provides gene diversity and discrimination capacity higher 
than those supplied from each kit taken individually.  
 
Using two CEs (3130 and SeqStudio for HID Genetic Analyzers) and one MPS (MiSeq 
FGxTM Forensic Genomics System) systems, the three Y-STR kits were employed for 
typing 115 unrelated individuals from North-East Italy. The obtained data were compared 
and used to create a virtual pool of 30 Y-STRs from which were determined the parameters 
of forensic interest. 
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P127 Geographic distribution patterns of Y-STR diversity in Southern Africa: Implications 
for forensic practice 

 Maria Eugenia D'Amato*, Mpasi Lesaoana, Mohaimin Kasu 
 *University of the Western Cape, Biotechnology Department, Forensic DNA Laboratory 
  
 The distribution of male diversity in 3126 males from 16 population groups from South 

Africa (SA) and 5 from Lesotho (n = 2188 and 938 respectively) was evaluated with UniQ-
Typer Y-10TM. Lesotho, originally populated by KhoeSan groups, received a Bantu influx 
from SA from the XVI century. The Southern Sotho majority (~98%) is accompanied by 
Nguni minorities in the highlands.  In SA, the Nguni are ~60% of the native population. 
Multidimensional Scaling analysis with Fst values showed the Nguni Puthi and Vundle as 
outliers, the SA Zulu as the most proximate population to the S. Sotho from both countries, 
and the Ndebele from SA and Lesotho in separate subclusters.  
 
The most common haplotype (n=45) in both countries was not detected among the Lesotho 
Nguni Xhosa and Vundle, its frequency ranges between 3.5-4% in the Ndebele, Puthi and S. 
Sotho from Lesotho, and reaches 5.5% in the S. Sotho in SA. In turn, common haplotypes in 
the Lesotho Nguni were not observed in SA. Geostatistical analysis using ordinary kriging 
interpolation was applied to hkmeans clusters of haplotypes. Heterogeneous distribution of 
clusters was detected in both countries. Profiles with allele duplications and nulls were 
analyzed separately. The DYS626-0 profiles are possibly inherited from the pre-Bantu 
populations due to their higher density in areas occupied by Namas and other KhoeSan 
descendantds. Profiles with duplications at DYS71 and S644.3 variants (n=67) are 
distinctive of Lesotho.  
 
Both genetic drift and recent gene flow seem to have a more profound effect than historical 
linguistic affinities in the diversity of minorities. The results highlight the importance of the 
geopolitical information along with the ethnic records for forensic applications. 
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P128 The paternal heritage of self-declared Ecuadorian indigenous people 
 Masinda Nguidi*, Rodrigo Flores, Julyana Ribeiro, Alejandra Garzón, Manuel Calvopiña, 

Sonia Zapata, Alejandro Cabrera, Ignacio Yepez, Verónica Gomes, Leonor Gusmão, 
Germán Burgos 

 *DNA Diagnostic Laboratory, State University of Rio de Janeiro, Rio de Janeiro, Brazil 
  
 Ecuador is a very ethnically diverse country that resulted from the contribution of Native 

Americans, European colonizers and enslaved Africans. There are currently three main 
population groups, based on individuals’ self-identifications: Indigenous, Mestizos and 
Afro-Ecuadorians. The present study aimed to characterize the paternal genetic composition 
of the Ecuadorian indigenous population (EI), and to establish a Y-STR haplotype database 
for forensic purposes. Therefore, 54 unrelated EI males were genotyped for 59 Y-SNP and 
23 Y-STR loci. A high haplotype diversity was found in the NE sample (0.9930 ± 0.0061). 
Pairwise FST genetic distances between EI and previously reported data on Ecuadorian 
Mestizos and Afro-descendants showed significant differences in all comparisons, 
demonstrating the presence of substructure in the paternal gene pool from Ecuador. 
Comparisons with European, African and other South American populations showed a high 
proximity between Ecuadorian and Peruvian populations, probably due to a similar Native 
American background. The haplogroup composition of the EI was estimated with SNP data. 
A high proportion of haplogroups from Native ancestry (65%) was observed. The remaining 
haplogroups were from European origin (35%). Although individuals from distinct 
ecoregions (Andes, Pacific Coast and Amazonia) were included in the current study, no 
significant differences were found among the three regions. In contrast, previous studies 
showed that the main ancestry in Ecuadorian Mestizos is European (76%) and in the Afro-
descendants is African (76%). This contrast in the Y-chromosomal ancestry composition is 
in accordance with the self-recognized ethnicity. Preliminary results with AIMs indicated 
90% of Native American ancestry, followed by 7% and 3% of European and African 
components, respectively. Comparing the paternal and autosomal ancestries, it is estimated 
that the studied population have a higher Native ancestry from the maternal perspective. 
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P131 Targeted Y chromosome capture enrichment in admixed South American samples 
with haplogroup Q 

 Zehra Köksal*, Germán Burgos, Elizeu Carvalho, Humberto Ossa, María Laura Parolin, 
Alfredo Quiroz, Ulises Toscanini, Carlos Vullo, Claus Børsting, Leonor Gusmão, Vania 
Pereira 

 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 
Medical Sciences, University of Copenhagen, Denmark 

  
 Y haplogroups, defined by Y-SNPs, allow the reconstruction of the human Y chromosome 

genealogy. Recently, MPS based panels were introduced in the forensic genetic community 
for Y-SNP typing and identification of a broad range of haplogroups. The panels are based 
on an amplicon strategy and allow the detection of up to 15,611 Y-SNPs which represents 
around 210,000 bps of the total 8.9 Mbps that comprise unique regions of the non-
recombining portion of the Y chromosome (NRY).  
 
We present an alternative approach of sequencing unique regions within the NRY using 
target enrichment probes and hybridization capture of the Y chromosome. A total of 359,954 
probes were designed using the SureDesign software, representing 7.5 Mbps of the NRY. 
Library preparation and capture were performed using the Agilent SureSelect XT HS2 
Target Enrichment method and sequencing was performed in a NovaSeq 6000 System. 
Besides individual barcodes, the method also includes unique molecular identifiers for 
additional quality screening. The method was tested on admixed South Americans that carry 
a Y chromosome of haplogroup Q. We successfully identified novel variation that could 
potentially help refining the phylogenetic tree of haplogroup Q. 
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P133 Genetic analysis of 12 X-short tandem repeats loci in Serbian population 
 Miljana Kecmanovic*, Milica Keckarevic Markovic, Dusan Keckarevic 
 *University of Belgrade-Faculty of Biology 
  
 Analysis of autosomal short tandem repeats (STRs) loci is a standard tool in forensic 

genetics, since it has identification capacity. However, in cases where autosomal STRs are 
not informative, when complex kinship or paternity cases should be solved, X-STRs could 
be used.  
 
Here we present forensic genetic properties of 12 X-STRs belonging to four different 
linkage groups (LG) using the Investigator Argus X-12 Kit. In order to assess the forensic 
efficiency of these markers in Serbian population, we analyzed 138 unrelated male samples. 
We aimed to examine allelic frequencies of the 12 X-STR loci and haplotype frequencies of 
the four linkage groups, as well as some forensic parameters. DNA extracted from buccal 
swabs was PCR amplified and analyzed by capillary electrophoresis. Statistical analysis and 
haplotype frequencies for LGs were performed using Arlequin 3.5 software and on-line tool 
available at ChrX-STR.org. The number of alleles in the loci was found to vary between 4 
(DXS8378) and 20 (DXS10135 and DXS10146). Regardless to the same number of alleles, 
the marker DXS10135 was more informtive (PIC 0.907403) compared to DXS10146 (PIC 
0.873742). Marker DXS8378 with 4 alleles was not the least informative (PIC 0.702861), 
but it was a marker DXS7423 (PIC 0.594342). Distributions of heterozygosity were 
observed from 67.4 to 91.3% among the studied 12 X STR loci, while the power of 
discrimination ranged from 82.2 to 98.6% in females (PDf) and from 64.9 to 91.3% in males 
(PDm). Power of exclusion (PE) for analyzed loci ranged from 35.4 to 82.3%. Number of 
detected haplotypes ranged from 83 (LG3) to 113 (LG1), with 291 unique haplotypes among 
four LGs. The most common haplotypes were from LG3 and LG4, both with frequency of 
4.3%. We detected linkage disequilibrium within one (LG3) out of the four designated 
linkage groups. The results of this study could be used for further population studies and 
interpretation of forensic casework results. 
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P134 Genetic ancestry in afro-descent from the Andes and Pacific coast regions of Ecuador 
 German Burgos Figueroa*, Verónica Gomes, Masinda Nguidi, Mariana Seguro, Alejandra 

Garzón, Manuel Calvopiña, Dayana Aguilar, Grace Gamboa, Sonia Zapata, Alejandro 
Cabrera, Rodrigo Flores, Filipa Simão, Angel Carracedo, Leonor Gusmão 

 *Escuela de Medicina, Facultad de Ciencias de la Salud, Universidad de Las Américas 
(UDLA), Quito, Ecuador; Grupo de Medicina Xenómica, Universidad de Santiago de 
Compostela, Santiago de Compostela, Spain 

  
 This study aimed to investigate genetic diversity and ancestry in Afro-descents from the 

Andes (AN) and the Pacific Coast (PC) regions of Ecuador, using autosomal and lineage 
markers. CR-mtDNA and PPY23-STRs showed high haplotype diversities. Statistically 
significant differences were found between AN and PC for mtDNA and Y-STRs. For 46 
AIM-Indels, AN showed a lower African ancestry (70%) than PC (78%). The Native and 
European contributions were higher in AN (17% and 12%, respectively) than in PC (13% 
and 9%, respectively). Differences were higher for mtDNA, with an absence of European 
mtDNA haplogroups in PC, and a higher Native (35%; compared to 16% in PC) and 
European (7%) maternal ancestry in the AN. For the paternal ancestry, PC has higher 
African ancestry (81%; compared to 67% for AN); the remaining being European (19%). In 
the AN, the second contribution was European (30%), and only 4% of the Y chromosomes 
were Native. In conclusion, this study showed high levels of diversity within and between 
Afro-descent populations from Ecuador. Due to different patterns of sex-biased matting, 
differences between regions were more pronounced for the mtDNA than for the Y 
chromosome markers. 
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P135 Development of an ‘Okinawa panel’ to identify Japanese individuals from Okinawa 
 Hiroaki Nakanishi*, Vania Pereira, Torben Tvedebrink, Claus Børsting, Aya Takada, 

Kazuyuki Saito 
 *Juntendo University School of Medicine, Japan 
  
 Studies have shown that the population of Japan is diverse, and lineage markers have 

attested differences among the populations from Okinawa and Mainland Japan. A previous 
study of 165 ancestry informative markers typed with the Precision ID Ancestry Panel was 
not able to completely differentiate these two groups from each other nor from other 
populations from East Asia. In this work, we aimed to develop an ‘Okinawa panel’ with the 
purpose of discriminating Okinawan individuals from other Asian groups. An initial 
selection of 76 SNPs was identified using the most informative markers from the literature 
and data from our previous study. Of the 76 SNPs, 53 had different genotype frequencies 
between the mainland and Okinawa Japanese populations (Fisher’s exact test: p<0.1) and a 
subset of 22 SNPs had statistically significantly FSTs between 7-18% (p<0.05) among 
mainland Japanese and Okinawa Japanese populations. Structure analyses, principal 
component analysis, and GenoGeographer analyses were carried out considering several 
Asian metapopulations. The 53-SNP set and the 22-SNP set correctly assigned the 
Okinawan population as the most likely population of origin for 33 and 31, respectively, out 
of the 46 Okinawa Japanese individuals. 
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P136 Massively parallel sequencing of sex-chromosomal STRs in Saudi Arabia reveals 
patrilineage-associated sequence variants 

 Yahya Khubrani*, Mark A. Jobling, Jon H. Wetton 
 *Forensic Genetics Laboratory, General Administration of Criminal Evidence, Public 

Security, Ministry of Interior, Kingdom of Saudi Arabia 
  
 Massively parallel sequencing (MPS) of forensic STRs has the potential to reveal additional 

allele diversity compared to conventional capillary electrophoresis (CE) typing strategies, 
but population studies are currently relatively few in number. The Verogen ForenSeq™ 
DNA Signature Prep Kit includes both Y-STRs and X-STRs among its targeted loci, and 
here we report the sequences of these loci, analysed using Verogen’s ForenSeq™ Universal 
Analysis Software (UAS) v1.3 and STRait Razor v3.0, in a representative sample of 89 
Saudi Arabian males. We identified 56 length variants (equivalent to CE alleles) and 75 
repeat sequence sub-variants across the six X-STRs analysed; equivalent figures for the set 
of 24 Y-STRs were 147 and 192 respectively. We also observed two flanking sequence 
variants for the X-, and six for the Y-STRs. Recovery of sequence data and concordance 
with CE data (where available) across the tested loci was good, though rare flanking 
variation affected interpretation and allele calling at DYF387S1 and DXS7132. Examination 
of flanking sequences of the Y-STRs revealed five SNPs (L255, M4790, BY7692, Z16708 
and S17543) previously shown to define specific haplogroups by Y-chromosome 
sequencing. These define Y-haplogroups in 62% of our sample, a proportion that increases 
to 91% when haplogroup-associated repeat-sequence motifs are also considered. Our cohort 
of males was recruited based on paternal ancestry; in order to verify that their maternal 
history was typical of Saudi Arabia, we sequenced the control region of mitochondrial DNA 
(mtDNA), revealing a spectrum of mtDNA haplogroups not significantly different from 
previously published data. Based on this, we undertook a population-level comparison of the 
Saudi Arabian X-STRs with a global sample. Our dataset showed affinity with published 
data on other Middle Eastern populations. 
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P137 Enhancing biogeographic ancestry inference of the MENA region with deep learning 
visualization approaches 

 Noah Herrick*, Mirna Ghemrawi, Clarissa Wallpe, Sylvia Singh, Rami Mahfouz, Susan 
Walsh 

 *Indiana University-Purdue University Indianapolis 
  
 Biogeographic ancestry (BGA) inference methods allow the prediction of ancestry using an 

optimized set of ancestry informative markers (AIMs). Significant research over the years 
produced finely tuned panels of single nucleotide polymorphisms (SNPs) capable of 
continental differentiation. More recently, AIMs that narrow the global continental scope 
and resolve BGA at population levels are being discovered. There has been increasing 
interest in Eurasian population groups of Europe, North Africa, Middle East, and South Asia 
due to a unique genetic structure heavily influenced by migration and marginal genetic 
divergence. The EUROFORGEN NAME panel was developed to distinguish Middle East 
and North Africa (MENA) populations from the Eurasian genetic cline uninterrupted by 
geographic barriers. Without indisputable BGA inference, it was suggested that dedicated 
AIM panels to the MENA region in a second-tier approach may unearth variants capable of 
further resolving this area against genetically similar populations of Europe and South Asia. 
In this study, we explore a population of 190 unrelated, modern-day Lebanese samples with 
genome-wide data alongside whole-genome sequence (WGS) data from the Middle East 
(HGDP), Europe and South Asia (1000 Genomes) to identify complementary Lebanese and 
Middle East specific markers to aid in MENA differentiation. We supplement existing 
continental and Middle East specific AIMs with these markers and explore several deep 
learning approaches for cluster visualization and BGA inference. Autoencoders provide an 
alternative to Principal Component Analysis (PCA) for dimensionality reduction and can be 
trained to visualize complex population structures using only a two-dimensional (2D) latent 
space, unlike PCA which requires many dimensions to display the same information. We 
aim to improve population resolution of this region using a refined set of markers and offer 
the ability to project unknowns onto this stable reference ancestry space. 

 
  



156 
 

P138 Update of AIMS population data and test with the GenoGeographer admixture module 
 Torben Tvedebrink*, Helle S Mogensen, Vania Pereira, Poul Svante Eriksen, Niels Morling 
 *Department of Mathematical Sciences, Aalborg University, Denmark 
  
 The current version of GenoGeographer lacks genetic information of North and South 

American, Central and Southern European, and South and East African populations. We 
typed the AIM profiles of 357 individuals from Slovenia, Greece, Albania, and Eritrea with 
the Precision ID Ancestry Panel and included them among GenoGeographer’s nine 
reference populations from Sub-Saharan Africa, the Horn of Africa, North Africa, the 
Middle-East, Europe, South/Central Asia, East Asia, and East and West Greenland. We 
tested the performance of GenoGeographer with the new Admixture Module on AIM 
profiles from 3,548 individuals assumed to belong to one of the reference populations. A 
total of 3,387 (95.5%) profiles were assigned to one or more of the reference populations, 
either a single population or an admixture of two or more populations, while 161 (4.5%) 
profiles were not assigned to any reference population or admixtures thereof. For 1.486 AIM 
profiles with no reference population of origin in GenoGeographer, the rejection rate was 
more than 70% for AIM profiles from North and South America and less than 20% for those 
from Central, North, and Northeast Asia. 
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P139 Novel strategies for ancestry informative markers selection: focus on migrant victims 
along the Central Mediterranean route 

 Carlo Robino*, Paola Berchialla, Giuseppe Matullo, Elena Chierto, Serena Aneli, Giovanni 
Birolo 

 *Department of Public Health Sciences and Pediatrics, University of Turin, Turin, Italy 
  
 Ancestry Informative Markers (AIMs) can contribute to several steps of the identification 

process of migrants perishing in naval incidents in the Mediterranean Sea: search for ante 
mortem data; choice of allele frequencies for likelihood ratio calculations; assessment of 
prior odds. 
 
Focusing on the main areas of origin of migrants following the Central Mediterranean route 
(North and East Africa, Middle East and South Asia), we developed a machine learning 
pipeline for selecting optimal and the smallest possible AIM sets for ancestry classification. 
First, we compared two strategies for prioritizing marker informativeness: Rosenberg Index 
and random forest feature importance. Then, we combined the most informative markers 
into increasing AIM sets until they reach a required accuracy. By evaluating whole sets of 
AIMs, our method intrinsically balances marker informativeness for discriminating each pair 
of populations and avoids redundancies.  
 
Finally, we applied this strategy to publicly available SNPs array data of individuals from 
the areas of interest and, despite the high genetic similarity of some of them (e.g., Middle 
East and North Africa), we obtained a promising cross-validated classification accuracy of 
86% with 30 AIMs. 
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P140 Characterization of human remains from a bomb attack on military forces employing 
extended DNA analysis 

 Roberta Schiller*, Saskia Franken, Katja Anslinger, Matthias Gras, Michael Schwerer 
 *Institute of Legal Medicine, Ludwig-Maximilians-University, Munich, Germany 
  
 Background: Extended DNA analysis increasingly supports the prosecution of criminals 

previously unknown to DNA databases. 
 
Case report: Standard and extended DNA analysis was applied on biological samples from a 
bomb attack on Western military forces deployed to central Africa. 
 
Material and Methods: DNA extraction from burned and lacerated tissues was carried out 
with the DNA IQTM System (Promega, Mannheim, Germany) and the QIAmp Fast DNA 
Tissue Kit (Qiagen, Hilden, Germany). DNA Quantification was performed using the 
QuantifilerTM Human DNA Quantification Kit (Thermo Fisher, Darmstadt, Germany). 
PowerPlex® ESI 17 and ESX 17 Fast Systems (Promega) were used along with the 
ForenSeqTM DNA Signature Prep Kit and the ForenSeqTM Kintelligence Kit 
(Verogen/Qiagen, Hilden, Germany) on the MiSeq FGxTM platform. Data was interpretable 
via HirisPlex tool. The findings were discussed in the context of current legal standards in 
Germany. 
 
Results: Forensic pathological inspection identified the samples as parts of a finger. Human 
origin was confirmed by DNA quantification. Medical reports suggested that the collected 
material originated from the unknown offender rather than a victim. Complete STR profiles 
with comparable quality were obtained from both capillary electrophoresis and NGS 
irrespective of sample degradation. SNP data for identification were successfully derived. 
Brown hair and eye color were determined with high probability. Biogeographical ancestry 
and forensic genealogy data were technically available but not evaluated respecting legal 
guidelines. 
 
Conclusions: Extended DNA analysis provides a possible clue identifying offenders in bomb 
attacks and military conflicts previously unknown to forensic databases. Although German 
law enforcement currently does not support evaluation of biogeographical ancestry or 
forensic genealogy, it could be of additional benefit investigating cases from a multinational 
context or foreign military conflicts. 
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P141 Challenging degradation in genetic identification of missing persons in Spanish Civil 
War and posterior dictatorship 

 Caterina Raffone*, Miriam Baeta, Almudena Sanchez Sanz, Marian M. de Pancorbo 
 *BIOMICs Research Group, Lascaray Research Center, University of the Basque Country 

UPV/EHU, Vitoria-Gasteiz, Spain 
  
 During the last ten years, we performed the genetic analysis of skeletal remains recovered 

from mass graves of the Spanish Civil War (1936-1939) and posterior dictatorship (until 
1970s). One of the main limitations that we have observed in these analyses is the 
obtainment of partial or null STRs profiles from the skeletal remains, limiting the 
identification of the missing persons. This may be due to the fact that the quantity and 
quality of DNA recovered from skeletal remains are affected by the taphonomic conditions 
to which remains have been exposed, which in turn influenced the degree of degradation and 
modification of genetic material. Therefore, the prior assessment of DNA quantity and 
quality is key to obtaining a robust DNA profile. With this aim, we have carried out the 
analysis of DNA samples from Spanish Civil War and posterior dictatorship skeletal 
remains, combining the quantification by Quantifiler™ Trio DNA Quantification Kit and the 
analysis of 24 autosomal STRs by GlobalFiler™ PCR Amplification Kit. This approach has 
allowed us to establish a correlation between the DNA concentration and degradation with 
the number of STRs successfully typed. Applying statistical analysis, we have set internal 
cut-offs in order to predict the quality of the STRs profiles and adapt our genotyping 
strategy in these challenging samples. In conclusion, this approach can be used to increase 
the number of reliable profiles and consequently obtain more identifications, as well as 
reducing costs in the repetition of analysis. 
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P142 Genetic verification of the historical hypotheses of the secret of the seven burials 
revealed in the former Treblinka I penal labor camp 

 Dagmara Lisman*, Joanna Arciszewska, Maria Szargut, Sandra Cytacka, Grażyna Zielińska, 
Jarosław Piątek, Andrzej Ossowski 

 *Department of Forensic Genetics, Pomeranian Medical University in Szczecin 
  
 Treblinka I was the first penal labor camp, established in July 1941. It is the most painful 

place of the mass extermination of the Polish and Jewish population. Initially, Poles were 
detained here, then Jews. In mid-1942, the Germans built the Treblinka II extermination 
camp nearby. The majority of the camp's personnel were of Ukrainian origin. 
 
During fieldwork at the former Treblinka I penal labor camp, human remains were 
discovered. There were male remains in seven regular burial pits, as determined by genetic 
testing. Gunshot injuries were revealed in the course of forensic and forensic examination in 
two out of seven individuals. The analysis of historical sources allowed for a hypothesis that 
these remains may be of individuals belonging to guard units. An analysis of the 
biogeographic origin of the remains and forensic and forensic injuries was made, relating 
them to historical data. 
 
The aim of the study was to determine the biogeographic origin of the remains by using the 
latest molecular biology tools and methods. The research material consisted of healthy teeth 
taken from the jaw, secured and collected by a team of experts. The project used the latest 
genetic tools: profiling with forensic DNA analysis, in-depth Y-SNP analysis and 
sequencing of the entire mitochondrial genome. The obtained results of the mtDNA 
haplogroups estimation did not allow for an unambiguous assignment to a specific ethnic 
group. The distribution of mtDNA haplogroups in the study group does not reflect the 
distribution of haplogroups observed in the populations of Jews, Roma and Poles. The study 
group consisted of only 6 people, which could have influenced the obtained results. They 
will be used for further analyzes, during further exhumation works, on a larger number of 
individuals. The evidence from genetic research does not contradict the archaeological and 
anthropological findings that the perpetrators of the crimes, not their victims, were buried in 
these graves. 
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P143 Investigating lineage & relatedness via DNA from commingled remains from a historic 
cemetery 

 Katelyn Kjelland*, Rory Palmer, Kimberlee Moran, Charla Marshall 
 *AFMES-AFDIL and Amentum (PAE) 
  
 In 2016, digging at a Philadelphia construction site revealed historical human remains. 

Excavation unearthed hundreds of burials from the First Baptist Church of Philadelphia 
cemetery (ca. 1707-1860). This study employs various technologies, including CE, MPS, 
and FORCE panel SNP capture, to gauge the feasibility of generating mtDNA, STR, and 
SNP profiles from a sample subset comprising five femora and hair from two individuals. 
Three samples had significant bacterial contamination, which influenced experimental 
design and success. Sanger sequencing yielded unique mtDNA haplotypes for all seven 
samples, all of which defined European haplogroups. Preliminary results from bones show 
only minor cytosine deamination in mtDNA sequences and retained DNA fragment lengths 
of >200bp, allowing for STR typing. Testing with commercial nuDNA typing kits is in 
progress. Obtaining Y-STR profiles will be key, to derive potentially distinct haplogroups 
and assess paternal links. The curated FORCE panel informs individual ancestry/phenotype 
predictions and allows for analysis of extended pedigrees. Genotypes and kinship estimates 
may help reassociate commingled elements, decipher relatedness, and guide proper 
reinterment. 
 
Disclaimer: The opinions or assertions presented hereafter are the private views of  the 
speaker(s) and should not be construed as official or as reflecting the views of the 
Department of Defense, its branches, the Defense Health Agency, the U.S. Army Medical 
Research and Materiel Command or the Armed Forces Medical Examiner System. 
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P145 DNA databases as a tool to improve the search for missing persons in Brazil 
 Ronaldo Carneiro da Silva Junior*, Laryssa Silva de Andrade Bezerra, Cecília Helena 

Fricke Matte, Selma Lilian Sallenave Sales, Elza Cristina Lopes de Oliveira, Laiana Silveira 
Beltrami, Bruno Diniz Sander Moraes, Vivian Altmann, Patrick Bestetti Mallmann, 
Ethienne Thomaz Figueiredo, Marcelo Pereir 

 *Brazilian Federal Police 
  
 In 2019, based on the publication of Law No. 13812, the National Policy for Searching 

Missing Persons was created in Brazil. Since then, several actions have been carried out in 
the country aiming at the implementation of this policy, many of them conducted by the 
Ministry of Justice and Public Security. 
 
In this context, the Steering Committee of the Integrated Network of DNA Databases 
(RIBPG) created the Working Group on Genetic Identification of Missing Persons on March 
2, 2020. RIBPG's work in the search for the missing was strengthened in 2021, when 
forensic genetics laboratories intensified the analysis of unidentified human remains existing 
in their Federal Units to upload the respective genetic profiles to the DNA Databases.  
Also in 2021, the first National Campaign for the Collection of DNA from Relatives of 
Missing Persons was launched. This action provided the collection of relatives of more than 
1700 missing people throughout Brazil. 
 
Since the beginning of the work, the number of genetic profiles related to the search for 
missing persons has increased by 162% in the National DNA Database. So far, it has already 
managed to solve more than 40 disappearances throughout Brazil, one of them involving a 
living person. 
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P146 Phylogenetic analysis of human remains found at the detention center in Białystok 
 Sandra Cytacka*, Maria Szargut, Joanna Arciszewska, Grażyna Zielińska, Andrzej 

Ossowski 
 *Department of Forensic Genetics of the Pomeranian Medical University in Szczecin, 

Poland 
  
 With the agreement of the Pomeranian Medical University in Szczecin and the Institute of 

National Remembrance in 2012 the Polish Genetic Database of Victims of Totalitarianism 
was created. One of the exhumations carried out under the project took place at the 
Detention Center in Bialystok. Fieldwork took over 4 years and hundreds of remains have 
been found, among them were men, women, and children. 
  
With limited amount of historical data about the people whose remains were buried at the 
site, only 15 positive identifications were completed to this day. More knowledge about the 
biogeographic ancestry of the deceased has to be gained for a working thesis to be formed 
and, subsequently, tested. In order to obtain as much information as possible about the 
fallen, a phylogenetic analysis of 89 individuals was carried out. The remains were subjected 
to molecular genetic testing to assess their possible biogeographic and ethnic origins, 
including the analysis of whole mitochondrial genomes, which was carried out using the 
Precision ID mtDNA Whole Genome Panel on the Ion S5 sequencer (both Thermo Fisher 
Scientifc). Based on the obtained results mitochondrial DNA haplogroups were assigned.  
Among the remains found at the Detention Center in Białystok, a vast majority have 
common European mtDNA haplogroups, which can also be found in the modern Polish 
population. However, for some remains haplotypes specific to the lineages observed in 
Roma and Jewish populations were discovered. 
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P148 A multifaceted, multidisciplinary and multiagency approach to investigating 
unidentified and missing persons cases in Australia 

 Jodie Ward* 
 *National DNA Program for Unidentified and Missing Persons, Australian Federal Police, 

Australian Capital Territory, Australia 
  
 The Australian Federal Police (AFP) National DNA Program for Unidentified & Missing 

Persons commenced in Jul 2020 and is funded by proceeds of crime until Dec 2022. A 
national case audit recorded 2600 long-term missing persons (LTMP) and 850 unidentified 
human remains (UHR). This Australian-first initiative is using modern forensic techniques 
and databases to identify these unknown individuals and provide their families with answers. 
 
Following completion of a Privacy Impact Assessment, multiple new forensic human 
identification methods were introduced to the AFP in a dedicated effort to scientifically link 
UHR and LTMP. The suite of forensic tools included anthropology, odontology, isotopic 
analysis, autosomal/Y-chromosome/mitochondrial DNA testing, DNA phenotyping, genetic 
genealogy and craniofacial reconstruction.  
 
Program participation resulted in the increased use of national law enforcement databases 
for searching case, dental and DNA data nationally, assisted by modifications to database 
functionality, targeted training programs and legislation reform. The Program also facilitated 
use of international law enforcement, private and public DNA databases for searching DNA 
profiles globally. 
 
The Program has assisted to resolve a number of UHR and LTMP cases, from historical and 
contemporary contexts, using both genetic and non-genetic techniques. In the absence of an 
identification, specialist forensic testing has provided investigative leads including 
estimating the UHR’s year of death, ancestral origin, hair/eye colour, facial appearance and 
genetic relatives. 
 
Program success has relied on partnerships with state, national and international agencies, 
universities, private companies and families of LTMP. This presentation will recommend 
best practices for implementing a national forensic human identification capability for 
LTMP investigations based on the AFP's experience developing and delivering this 
multifaceted, multidisciplinary and multiagency Program. 
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P149 “The black devils in Normandy”- Identification of Polish soldier from 1st Armoured 
Division killed in action 

 Andrzej Ossowski*, Maria Szargut, Joanna Arciszewska, Sandra Cytacka, Grażyna 
Zielińska, Joanna Drath, Dagmara Lisman, Milena Bykowska, Jarosław Piątek, Jan 
Ambroziak 

 *Pomeranian Medical University in Szczecin 
  
 The case presented in this paper is an example that modern methods applied for human 

personal identification backed up by extensive archival research are effective in the case of 
World War II victims. Together with civilizational progress more and more attention was 
being paid to the fate of single persons, which led for instance to attempts to the 
identification of soldiers killed in action during then numerous armed conflicts. In 
identification research, the key role is attributed to DNA analysis. DNA analysis with the 
use of STR markers is widely used recently for personal identification both in ordinary 
criminal cases and mass-disasters victims’ identification. In the case of totalitarian systems 
and war conflicts victims, especially in World War Two, such studies are conducted only 
incidentally. It results from many factors. Isolation of DNA of proper quality and quantity 
for DNA analysis with the use of STR markers causes many difficulties. In the presentation, 
we present an example of the personal identification of the Polish soldier serving in the 1st 
Armored Division, MIA in 1944 in Normandy. The case shows clearly, how fast any 
personal genetic identification can be obtained thanks to modern genetics research methods. 
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P150 The collapse of an Italian cemetery into the sea: forensic approach to human remains 
identification 

 Camilla Tettamanti*, Francesca Frigiolini, Sara Lo Pinto, Rosario Barranco, Lucia Casarino, 
Simonetta Verdiani, Francesco De Stefano, Francesco Ventura 

 *University of Genova, Department of Legal and Forensic Medicine, Via De Toni 12, 16132 
Genova Italy 

  
 On February 22nd, 2021, a landslide on the Italian coast caused the collapse of an old 

cemetery. About 370 coffins tumbled and more than 200 fell into the sea. The recovering 
operation were complicated by environmental setting and were carried out by firefighters 
and scuba divers. The intact coffins were immediately identified by the Authorities while 
333 groups of unidentified human remains were found: 140 decomposed bodies and 193 
bags of commingled skeletal remains. The first goal was the environmental preservation and 
the safety of the cliffs. After two months the Medical Staff of Legal and Forensic Medicine 
was involved for analyzing the remains in order to identify and bury them. The remains 
involved belonged to people who died between the end of the XIX century and 2017; all 
were interesting by advanced transformative phenomena. An identification area was set up 
in the cemetery. For the identifications, new forms, based on the Interpol DVI ones, were 
created. A Postmortem team photographed the remains, collected DNA sampling according 
to the minimum number of individuals and the quality of the tissues. Informations were 
collected by relatives through a specific antemortem form. Relatives’ information and post-
mortem data were compared and 19 body were identified thanks to secondary methods (like 
object in the bury, dresses, medical devices). 147 bone samples (long bones and teeth) were 
collected for the genetic analysis. Among the 77 relatives eligible for a genetic comparison, 
66 gave consent to DNA swab for collection and genetic typing. Currently, after 48 samples 
DNA analysis (STRs and Y-polymorphism) 12 remains were identified, 21 presented a 
profile suitable for comparation but without attribution, and 7 did not return a comparable 
profile caused by stochastic effects. 31 subjects have been identified and the genetics 
analysis are still in progress. The Cemetery collapse shows that every disaster requires a 
tailored approach. 

 
  



167 
 

P151 Leveraging lessons and methods from ancient DNA to increase success rates for 
identifying historical remains 

 Elena I. Zavala*, Jacqueline Tyler Thomas, Timothy P. McMahon, Charla Marshall, Priya 
Moorjani, Rori Rohlfs 

 *San Francisco State University 
  
 The DNA in historical remains is often low in quantity and degraded in nature, leading to 

low success rates for DNA profiling. While these samples comprise a small subset of those 
processed in forensic genetics, they match the archetype of ancient DNA(aDNA) samples. 
In the past decade, major progress has been made in aDNA laboratory and computational 
methods for work with highly degraded DNA, leading to the recovery of mitochondrial(mt) 
and nuclear DNA from samples spanning the past 300,000 years of human evolution. This 
provides an exciting opportunity to apply similar methods to improve DNA profiling of 
historical remains in forensic casework. We explore this idea in two ways. First, using 
fifteen skeletal remains of varying quality from World War II and the Korean War, we 
compared forensic and aDNA extraction and library preparation methods. Encouragingly, 
we found that the aDNA extraction method and single-stranded library preparation resulted 
in the recovery of significantly more DNA than three different forensic extraction methods 
and double-stranded library preparation, increasing the success rate of constructing mtDNA 
profiles compared to the previously established forensic workflows. The DNA recovered 
from these samples also had characteristics similar to those of ancient skeletal samples 
>30,000 years old. Second, we discuss the opportunities and limitations for integrating 
computational tools used for genotyping in the aDNA field for degraded historical samples 
in forensic genetics. Taken together, our analysis highlights the potential for leveraging 
aDNA methods to increase success rates for identification of missing individuals in 
forensics research. 
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P152 Family reunification through DNA analysis of survivors of the greatest natural disaster 
in Colombia in Armero-Tolima (1985) 

 Juan J. Yunis*, Giselle Adriana Cuervo-Perez, Angela Gisselle Vargas-Varela, Angie 
Estefanía Luna-Berrio, Luis Enrique Mogollon-Hellal, Adriana Alayon-Galvis, Francisco 
Gonzalez 

 *Director Servicios Médicos Yunis Turbay y Cia SAS. Bogotá Colombia 
  
 On November 13, 1985 at 9:20 p.m., the Nevado del Ruiz Volcano erupted (A Glacier 

Snowy Volcano 17457 mts above sea level). The lahar, melting ice and landslide devastated 
the town of Armero, Tolima, located 45 kilometers away in a matter of minutes. More than 
25,000 people died or were reported missing. This tragedy is the largest natural disaster to 
date in Colombia. 
 
Many boys and girls were given up for adoption in 1985-1986 by the Instituto Colombiano 
de Bienestar Familiar (ICBF) without their parents’ consent to families in USA and Europe 
TV footage from news channels from that time, evidenced that many children were rescued 
alive and were given in adoption later on, but the government does not have information of 
their whereabouts. 
 
The justice system exonerated the Colombian Government from compensating families of 
the victims for the moral and material damages. They asked the Colombian government for 
information on the whereabouts of their children, requesting a free DNA test, and the 
creation of a DNA database that allows them to compare genetic profiles of “Armeritas” 
However, as off today, no Colombian government organization has offered them help. 
The Armando Armero Foundation, is a Non-Governmental Organization that brings together 
survivors of this tragedy. This NGO is making efforts to reunite families in association with 
our Institute, by carrying out free autosomal STR DNA tests, Y Chromosome STR and 
mitochondrial DNA studies to reunite families. Several campaigns in TV programs, web 
portals and social media pages in Europe and the USA had been presented, in order to find 
adopted Colombian children from that period of time that could be survivors or the Armero 
tragedy.  
 
To date we have a database of more that 266 genetic profiles of individuals, of which 41 are 
individuals that were given up for adoption at that time, residing in the USA and Europe, 
and the rest are relatives looking for their children, 
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P153 The power of the FORCE – Application of hybridization capture to Viking age samples 
 Kimberly Sturk-Andreaggi*, Jennifer Daniels-Higginbotham, Andreas Tillmar, Jacqueline 

Tyler Thomas, Magdalena M. Buś, Raili Allmäe, Charla Marshall, Marie Allen 
 *Armed Forces Medical Examiner System-Armed Forces DNA Identification Laboratory; 

SNA International 
  
 The FORensic Capture Enrichment (FORCE) panel utilizes hybridization capture to target 

over 5000 nuclear single nucleotide polymorphisms (SNPs), including a novel set of nearly 
4000 kinship SNPs. The panel also enables the detection of phenotype, ancestry and Y-
chromosomal SNPs to provide investigative information. The FORCE panel was tested on 
eight Viking Age bone samples from the Salme ship burials dating back to 700-750 AD. The 
SNP recovery for the samples averaged 3000 SNPs (at 10X), with four samples producing 
nearly full FORCE profiles (>99%). These results allowed the prediction of phenotype, 
ancestry and Y-haplogroup for six samples. Furthermore, kinship analyses based on the 
FORCE genotypes were used to reassess familial relationships in the Salme burials that were 
previously deduced from low-coverage whole genome sequencing (WGS) data (Margaryan 
et al. 2020). The FORCE data enabled likelihood ratios exceeding 1e+15 with posterior 
probabilities >95%, which confirmed the sibling relationships amongst four Salme 
individuals identified in the WGS study. Additionally, hybridization capture was also shown 
to be successful in the generation of mitogenome data for the Viking boat grave burial 
samples. These methods were also applied to additional archeological bone samples from 
the 1400s and 1600s for further investigation of these historical cases. The novel FORCE 
SNP panel, combined with hybridization capture, was shown to be effective in the forensic 
analysis of Viking Age and other archeological samples. 
 
Disclaimer: The opinions or assertions presented hereafter are the private views of the 
speaker(s) and should not be construed as official or as reflecting the views of the 
Department of Defense, its branches, the Defense Health Agency, the U.S. Army Medical 
Research and Materiel Command or the Armed Forces Medical Examiner System. 
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P155 The population genetics characteristics of Ion AmpliSeq™ MH-74 plex microhaplotype 
research panel 

 Peter M. Schneider*, Shengqiu Qu, Weibo Liang, Lin Zhang, Elaine Y.Y. Cheung, 
Maximilian Neis, Robert Lagacé 

 *Institute of Legal Medicine, Faculty of Medicine, University of Cologne, Cologne, 
Germany 

  
 Microhaplotypes (MHs) are novel compound genetic markers of two or more SNPs within a 

short distance (less than 300bp). A large number of microhaplotype markers have been 
investigated for various forensic purposes. In the present study, we have analysed population 
genetic data and sequencing performance of the Ion AmpliSeq™ MH-74 plex 
microhaplotype research panel (Oldoni et al., FSI Genetics 49, 2020, 102367). A total of 178 
samples from 3 major biogeographic regions including 56 West Africans (AFR), 61 Iraqis 
from the Middle East (MEA) and 63 Germans (EUR) were genotyped using this panel on 
the Ion S5™ MPS platform (Thermo Fisher Scientific). To establish reference data, we also 
analyzed the genotypes obtained for the 74-MH panel of 2504 individuals from 26 
populations of the 1000 Genome Project Phase 3. Then we obtained the allele frequencies, 
the effective number of alleles (Ae), the informativeness values (In) and the forensic 
efficiency parameters of the 74 MHs. Finally, Principal Component Analysis (PCA) and 
STRUCTURE analysis were used to evaluate and compare the biostatistical efficiency of the 
74 MHs in the 3 major biogeographic regions. All results demonstrated that the Ion 
AmpliSeq™ MH-74 plex microhaplotype research panel is characterized by a reliable 
sequencing performance. It exhibits a strong power of exclusion in forensic scenarios and 
offers a potential application for ancestry inference. 

 
  



171 
 

P156 Introduction of the python script MHinNGS for analysis of microhaplotypes 
 Claus Børsting*, Carina G. Jønck 
 *Section of Forensic Genetics, Department of Forensic Medicine, University of 

Copenhagen, Copenhagen, Denmark 
  
 Microhaplotypes (MHs) are defined as short regions (200-300 bp) with two or more SNPs 

that may be sequenced using standard PCR-NGS workflows. MHinNGS is a Python 
application developed for analysis of MHs in single-end sequencing data. The program is 
built upon STRinNGS that is used for analysis of STR sequences (Jønck et al., 2020).  
MHinNGS analyses reads in standard formats and store each sequence into bins, one bin for 
each MH as defined by the two flanking sequences. MHinNGS requires a reference genome 
and a configuration file with information about each locus. Four mandatory and 15 optional 
criteria defined in the configuration file allow detailed locus-specific analyses of the MH 
loci. The program 1) removes noise, 2) identify and name alleles, 3) test the genotypes, and 
4) test unique sequences not identified as noise or alleles. MHinNGS produces a result file, 
where every unique sequence that passed the noise filter is presented with MH allele, read 
depth, warning flags based on the genotyping criteria, sequence, heterozygote balance, and 
MH name. Furthermore, variation in other parts of the fragment that is not defined as SNPs 
in the MH, linked variants, or rare SNPs are listed in a separate column of the result file. 
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P157 Empirical haplotype calling and probabilistic interpretation of microhaplotype profiles 
 Daniel Standage*, Rebecca Just 
 *National Bioforensic Analysis Center, National Biodefense Analysis and Countermeaures 

Center 
  
 Microhaplotypes (MH) have recently emerged as a versatile and promising new type of 

forensic genetic marker. In this presentation, we introduce MicroHapulator, a free and open-
source software package for bioinformatic analysis of MH sequence data. MicroHapulator’s 
core haplotype calling algorithm phases entire haplotypes empirically read-by-read rather 
than inferring them statistically. The MicroHapulator package also provides tools for 
filtering observed haplotypes with global or per-marker detection thresholds and analytical 
thresholds. Using typing results generated by MicroHapulator, we demonstrate the 
successful forensic interpretation of single-source and mixed MH profiles using popular 
probabilistic genotyping programs. MicroHapulator is compatible with NGS reads from 
Illumina MiSeq and Ion S5 platforms, making it the first and only non-proprietary cross-
platform MH analysis solution designed for forensic applications. The MicroHapulator 
software is freely available under a permissive open-source license at 
https://github.com/bioforensics/MicroHapulator, along with user documentation and an 
interactive demo. 
 
Notice: This manuscript has been authored by BNBI under Contract No. HSHQDC-15-C-
00064 with the DHS. The US Government retains and the publisher, by accepting the article 
for publication, acknowledges that the USG retains a non-exclusive, paid-up, irrevocable, 
world-wide license to publish or reproduce the published form of this manuscript, or allow 
others to do so, for USG purposes. Views and conclusions contained herein are those of the 
authors and should not be interpreted to represent policies, expressed or implied, of the 
DHS. 
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P158 Investigation of 74 microhaplotypes in kinship testing in US populations 
 Fabio Oldoni*, Chiara Della Rocca, Daniele Podini 
 *Arcadia University, Department of Chemistry & Physics, 450 S Easton Rd, Glenside, PA, 

19038, United States 
  
 Microhaplotypes (MHs) are biomarkers of at least two SNPs associated in various allelic 

combinations within ~300bp. This makes them more informative than individual SNPs and 
suitable for mixture deconvolution and ancestry inference. This study investigated the 
performance of a sequenced based-74MH assay in kinship testing.  
 
A set of U.S. families of Afro-American (n=39), European-American (n=18) Southwest 
Hispanic (n=35), and East-Asian American (n=27) origin were genotyped on the Ion S5TM 
System. Allele frequencies of 74 MHs and 29 STRs from all family groups were input into 
Familias software v.3.2.8 to determine LR distributions under parent-child, full-siblings, 
half-siblings, and cousin scenarios and results compared. 
 
One thousand simulation tests were performed per each family-group. LR distribution 
curves of related pairs were separated from unrelated pairs for STRs and MHs in parent-
child and full-sibling scenarios where MHs showed higher LR values. Some overlap of LR 
distribution curves was observed in half-sibling scenario for STRs and MHs while cousins 
could not be separated. 
 
In a nutshell, these results support the use of the MH versatile tool in kinship testing. 
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P161 Visual Microhap: A custom haplotype caller to analyze sequence-based data of 
microhaplotypes 

 Ye-Lim Kwon*, Su Min Joo, Kyoung-Jin Shin 
 *Department of Forensic Medicine, Yonsei University College of Medicine, Seoul, Korea 
  
 Microhaplotypes (microhaps) are promising forensic marker to be used for multipurpose, 

such as human identification, kinship testing, and biogeographic ancestry inference. 
Through introduction of massively parallel sequencing (MPS) technology in forensic 
genetics, MPS studies on microhaps are actively being reported. Sequence-based microhaps 
data have been usually analyzed with the Genome Analysis Toolkit (GATK) pipeline or Ion 
Torrent Suite Software, but there is a desire to straightforwardly analyze MPS data. 
Therefore, we developed a web-based open-source haplotype caller, Visual Microhap 
(http://forensic.yonsei.ac.kr/VisualMH/index.html), and applied this tool to analysis of in-
house 56 microhap panel. Visual Microhap supports four analysis options - Minimum read 
number, Noise threshold, Homopolymer (> 7) error, and Allele coverage ratio (ACR) - to 
extract phased haplotypes from sequence data generated by STRait Razor 3.0. The first step 
of MPS data analysis is to group sequenced reads of FASTQ file through STRait Razor 3.0 
according to configuration file. In the second step, using Visual Microhap, the sequence-
based data obtained by STRait Razor was compared with reference sequence for 56 
microhaps in marker information file. As a result of the Visual Microhap, genotype for 
target SNPs with cryptic variations and coverage information of each haplotype by filtering 
noise were presented. Among 56 microhaps, homopolymeric stretches were observed in 
mh11KK-191, which may be confuse haplotype determination, especially for challenging 
samples. In addition, ACR can be a useful indicator to confirm the read balance between two 
alleles or to detect stochastic drop-out in the analysis of low-level DNA. Consequently, the 
open-source workflow scheme consisting of STRait Razor 3.0 and Visual Microhap 
facilitates the application of microhaps while effortlessly offering data suitable for forensic 
purposes than conventional analysis pipelines. 
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P162 Analysis of isoalleles and flanking SNPs of STR markers by NGS to distinguish 
monozygotic twins 

 Renata Inzinna Bernardo Fonseca*, Cintia Fridman Rave 
 *Faculdade de Medicina da Universidade de São Paulo (FMUSP) 
  
 DNA analysis for forensic investigations is based on the concept that everyone is genetically 

unique, except in cases of monozygotic (MZ) twins. The most used markers are STRs, 
analyzed by CE, but they don’t allow the differentiation of MZ twins. Human identification 
using NGS is already part of some forensic laboratories and it enables reading the STRs’ 
sequence and its isoalleles, but there is no reference to this application for differentiation of 
MZ twins. Herein, we evaluated the possibility to distinguish MZ using the Precision ID 
GlobalFilerTM NGS STR Panel v2. The CE and NGS profiles were compared for 16 pairs 
of MZ, and the allele results were concordant, except for one pair, which showed an allele 
dropout on Penta D, probably because of its low coverage. We observed isoalleles in both 
individuals of 3 pairs, each in a different marker: D2S441, D12S391, and D4S2408, 
respectively, which did not allow the differentiation within each pair. However, we observed 
2 flanking SNPs, each one in a pair, in only one individual of the pair: rs560609904 in 
TPOX (G016A) and rs569521603 in D6S1043 (G027B), highlighting the possibility of 
differentiating MZ twins. Acknowledgements: FAPESP(20/08092-5), CAPES, 
HCFMUSP/LIM40, ThermoFisher. 
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P163 The genomic landscape of DIP-STRs using whole-genome sequencing data 
 Diana Hall*, Géraldine Damour, Florian Mauffrey 
 *Unité de Génétique Forensique, Centre universitaire romand de médecine légale - Centre 

hospitalier universitaire vaudois et Université de Lausanne, Lausanne, Switzerland 
  
 In an attempt to enhance forensic DNA mixture deconvolution several alternative DNA 

typing approaches have been developed. Among these, DIP-STRs compound markers are 
capable of resolving imbalanced two-source DNA mixtures of same-or-opposite sex donors, 
up to a 1:1,000 ratio. A forensic set of 10 markers was validated for casework and a larger 
set of 23 DIP-STRs has proven suitable to biogeographic inference. Yet, to promote the 
widespread use of this original approach, more markers and multiplex panels need to be 
developed. 
 
Here, we describe an extended set of forensic DIP-STRs identified using newly available 
whole-genome sequencing datasets (gnomAD, HGDP and 1000genomes). Complete lists of 
Indels and STRs were obtained from reported frequencies of genetic variants of 76,156 
genomes. About 3,000 DIP-STRs turned out to be closer than 200bp and 504 showed high 
haplotype variability estimated using the genotypes of 3,942 individuals homozygous for the 
DIP or the STR. Here, we present 20 additional DIP-STRs validated for sensibility, 
specificity and multiplex capability including preliminary results using a massively parallel 
sequencing approach. 
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P164 DIP-Multi-InDels: A novel compound marker for the analysis of unbalanced DNA 
mixtures 

 Lagabaiyila Zha*, Hongtao Jia, Mingkun Xie, Ying Liu, Jienan Li 
 *Department of Forensic Science, School of Basic Medical Sciences, Central South 

University 
  
 The detection and deconvolution of unbalanced mixtures has long been a challenge for short 

tandem repeats (STR) detection systems, because alleles of suspects are often masked. To 
solve this problem, a series of compound markers has been introduced in recent years. DIP-
STR, as the most representative of compound markers, has been successfully applied in 
caseworks, but the number of loci is insufficient. In this study, we introduced a new 
compound marker named DIP-Multi-InDels. We screened linked DIPs (three or more) 
within short fragments from database, one of them was used to design allele-specific 
primers, the rest to improve the discrimination ability. We initially established a detection 
system with 6 DIP-Multi-InDels and successfully detected alleles of the minor contributor 
from extremely unbalanced mixtures. Similar to DIP-STR, DIP-Multi-InDels also showed 
highly polymorphism, suggesting that it could be used as an effective supplementary tool in 
the detection and deconvolution of extremely unbalanced mixtures in caseworks. Moreover, 
due to shorter amplicon length, DIP-Multi-InDels has greater potential for detection of fetal 
cell-free DNA or other degraded mixtures. 
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P165 The extent of STR chimerism in different biological samples following bone marrow 
transplantation: a case report 

 Achirapa Bandhaya*, Budsaba Rerkamnuaychoke, Jittima Shotivaranon 
 *Forensic Science Unit, Faculty of Science, Mahidol University 
  
 Chimerism can greatly complicate analysis of DNA evidence and undermine its power of 

discrimination. Biological samples recovered from individuals who previously received 
allogeneic haematopoeitic stem cell transplants (HSCTs) often contain genetic material from 
both donor and recipient. As such, the evidence could sometimes be mistakenly identified as 
a mixed sample, when in fact it may have originated from a single person.  In a criminal 
case, DNA analysis of samples from chimeric perpetrators or victims could potentially 
generate a false lead for the investigation as to the number of perpetrators involved. In 
parentage testing cases, chimeric samples can cast doubt on whether a contamination has 
been introduced.  
 
Whilst it is difficult to distinguish between a genuine mixture and a chimeric sample in the 
case of crime scene evidence, checking the medical history of the owner of a problematic 
reference sample would confirm the cause of anomalies observed in the STR profile. When 
this occurs, knowledge for selecting different sources of cells in the body that would most 
likely reveal the person’s pre-transplant alleles becomes necessary for subsequent profile 
interpretation and comparisons. 
  
This work aims to explore the degree of chimerism present in different types of biological 
samples collected from an individual who had undergone a bone marrow transplant as a 
child. DNA profiles from saliva, hair roots, fingernail clippings, and buccal swabs on an 
FTA® card will be generated using an AmpFlSTR® Identifiler® Plus PCR Amplification 
Kit. The donor’s STR profile will be used to differentiate between the recipient’s and 
donor’s alleles. Comparisons with previous results from similar studies will be made, and 
any concordance or disagreement regarding suitable types of reference samples that should 
be collected from a post-allogeneic HSCT for forensic human identification will be 
discussed. 
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P166 Exome analysis focusing on epilepsy-related genes in sudden infant death syndrome 
(SIDS) and sudden unexplained death (SUD) cases 

 Jacqueline Neubauer*, Sarah E. Bürki, Agnes Geher, Cordula Haas 
 *Zurich Institute of Forensic Medicine, Forensic Genetics, University of Zurich, Switzerland 
  
 In the last years, several studies in large SIDS and SUD cohorts have indicated that genetic 

cardiovascular diseases may have contributed to sudden unexpected death in 20-35% of 
autopsy-negative cases. Another possible cause of sudden unexpected death in young 
individuals is epilepsy, termed as sudden unexpected death in epilepsy (SUDEP). The 
pathophysiological mechanisms of SUDEP are not well understood, but likely multi-
factorial including seizure-induced hypoventilation and cardiac arrhythmia. Sequence 
alterations in several genes encoding voltage-gated ion channels have been associated with 
an increased susceptibility to SUDEP. The aim of this retrospective study was to re-analyze 
the whole exome sequencing (WES) data of 154 SIDS and 45 SUD cases with a focus on 
365 epilepsy-related genes.  
 
Analysis of the exome data of the two cohorts identified pathogenic or likely pathogenic 
variants in 22.7 % (35/154) of the SIDS cases and in 33.3 % (15/45) of the SUD cases. None 
of the SIDS and seven of the SUD victims had a known medical history of epilepsy or other 
underlying neurological diseases. Overall, 14 pathogenic or likely pathogenic sequence 
alterations, that are inherited in an autosomal dominant manner, were identified in the 
following 12 genes: CACNA1E, COL4A1, DYNC1H1, GCK, KCNT1, NPRL2, OPA1, 
RAI1, SCN3A, SCN5A, TBC1D24 and TSC2.  
 
By focusing on the postmortem analysis of epilepsy-related genes, this study has found 
potentially disease-causing variants that might have contributed to the sudden death event in 
some of the SIDS and SUD cases. In the area of personalised management of genetic 
epilepsy, counselling on the risk and preventive measures of SUDEP should be addressed 
accordingly. 

 
  



180 
 

P167 The insidious face of the pandemic COVID 19, molecular analysis of sudden deaths 
 Grażyna Zielińska*, Dagmara Lisman, Mirosław Parafinuk, Maria Szargut, Sandra Cytacka, 

Joanna Arciszewska, Andrzej Ossowski 
 *Pomeranian Medical University in Szczecin 
  
 The COVID-19 pandemic began as an epidemic on November 17, 2019, in Wuhan City, 

Hubei Province, Central China. On March 11, 2020, it was declared a pandemic by the 
World Health Organization (WHO). From the beginning of the pandemic to February 10, 
2022, more than 403 million cases of SARS-CoV-2 infection were recorded in 192 
countries. More than 5.79 million died as a result of the COVID-19 disease. To date, the 
detailed mechanism of death from SARS-CoV-2 infection is unknown.  
 
Our team conducted 13 autopsies of the bodies of people who died in unexplained 
circumstances. Victims ranged in age from 3 months to 93 years. No injuries were noted 
during the preliminary examination of the bodies, and the police and the prosecutor's office 
ruled out the action of third parties. Also, no symptoms of viral or bacterial disease were 
observed before dying. Autopsies were performed for each case, showing bloodshot lungs 
and severely dilated capillaries. The microscopic slides showed numerous infiltrative 
macrophages, and some lungs showed signs of fibrosis. Diffuse alveolar damage was 
observed. These features indicated a widespread lung infection.  
 
Nasopharyngeal swabs and fragments of lung tissue were collected for molecular analysis. 
The presence of the SARS-CoV-2 RNA was detected by reverse-transcription RT-PCR. 
Two types of biological material confirmed the presence of the genetic material of the 
SARS-CoV-2 in all 13 patients. The phases of infection were determined by analyzing the 
CT of the selected viral targets. Deaths have occurred at various stages of the illness, at the 
beginning, middle, and end of the disease. The cause of death was directly related to 
COVID-19 in each case, even though neither person had any symptoms of viral infection 
before their death. 
 
Postmortem molecular diagnosis for the presence of SARS-CoV-2 RNA has proved helpful 
in assessing sudden unexplained mortality. 
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P168 Trisomy 21 disclosure using STR and SNP markers typed by MiSeq FGx™ Forensic 
Genomics System 

 Stefania Turrina*, Stefani Turrina, Giulia Soldati, Dario Raniero, Domenico De Leo 
 *Department of Diagnostics and Public Health, Unit of Forensic Medicine - Forensic 

Genetics Laboratory, University of Verona, Italy. 
  
 The presence of a tri-allelic pattern at a single locus in a multiplex STR is a rarely 

observable event. Based on the combination of the three alleles, two tri-allelic pattern types 
have been distinguished and classified as Type I, usually due to somatic mutation, Type II 
due to localized duplication event, or a supernumerary chromosome (chromosomal 
aneuploidy - trisomy). In a study aimed to compare the genotyping performances of 
capillary electrophoresis (SeqStudio for HID - ThermoFisher) and massively parallel 
sequencing (MiSeq FGx Forensic Genomics System - Illumina), DNA samples extracted 
from different biological matrices were used, including amniotic fluid and chorionic villus. 
Following amplification with the GlobalFiler™ IQC PCR Amplification Kit, a Type II tri-
allelic pattern at locus D21S11, with balanced peak heights, suggestive of a chromosomal 
rearrangement at a heterozygous locus, was observed in the electropherogram of two 
different samples. When the amplification with PowerPlex® Fusion System was performed, 
a Type II tri-allelic pattern at the Penta D locus was also observed. Therefore, the 
observation of Type II tri-allelic patterns at two loci located on 21 chromosomes suggested 
the presence of an extra 21 chromosome. The Type II tri-allelic patterns at the two STRs 
located on chromosome 21 were also confirmed by genotyping with the MPS system using 
the DNA Primer Mix A (DPMA) of the ForenSeq DNA Signature Prep Kit. Moreover, it 
was also possible to highlight an imbalance in the reads at the five iiSNPs located on 
chromosome 21 (rs722098, rs2830795, rs2831700, rs914165, and rs221956) when they 
were in heterozygosity, thus identifying the two samples' trisomy 21. Therefore, in our 
opinion, using the ForenSeq DNA Kit, which allows the simultaneous typing of two STRs 
and five SNPs on chromosome 21, it is possible to distinguish between a tri-allelic pattern at 
a single locus and trisomy due to the presence of a supernumerary chromosome. 
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P171 Effect of over-the-counter drugs on DNA analysis of blood ingested by medicinal 
leeches 

 Dipesh Patel*, Dan Sykes, Reena Roy 
 *Undergraduate Student, Schreyers Honors College, The Pennsylvania State University, 

University Park, PA 
  
 Painkillers, such as aspirin (acetylsalicylic acid), are used by many to alleviate the pain 

associated with common ailments. Although the half-life for aspirin is only 2-5 hours, it is 
possible that there may still be residual drug in the body post-mortem. Hence, if a medicinal 
leech, Macrobdella Decora, feeds on the blood of a victim or a suspect who had recently 
ingested an analgesic, it may be possible to simultaneously obtain a complete DNA profile 
and drug identification from the blood extracted from the crop (midgut) area of the leech. 
The potential for generating a DNA profile depends on whether or not acetylsalicylic acid 
inhibits amplification due to the acid having a phenol group.  
 
Human blood was spiked with 25 ppm and 50 ppm aspirin solutions followed by DNA 
extraction at 0, 24 and 48 hours. The extracted DNA was quantified and amplified using the 
PowerPlex® Fusion 6 C for autosomal STR and PowerPlex® Y-23 system for Y-STR 
analysis.  HPLC was used to determine the presence of aspirin. These amplified products 
were analyzed by capillary electrophoresis and fragment analysis of these reference samples 
were completed using appropriate software. Blood mixed with the aspirin was fed to the 
leeches which were then euthanatized by freezing at 0, 12, and 24 hours after being fed. 
Human blood from their crop was extracted and analyzed for the presence of aspirin and for 
generating the DNA profiles. 
 
Since complete autosomal and Y-STR profiles were obtained from blood spiked with aspirin 
and ingested by the leeches, it is concluded that inhibition was not caused by acetylsalicylic 
acid. No inhibition was noted in the quantification data and DNA amplification resulted in 
complete profiles from the reference blood samples mixed with aspirin and from the blood 
stored in the midgut of the medicinal leeches. All profiles were consistent within and 
between samples, thus indicating that medicinal leeches can be a valuable source of forensic 
evidence. 
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P172 Determining human Y-STR profiles from leeches using Copan swabs and various Y-
STR amplification systems 

 Elizabeth Knapp*, Veronica Cappas, Reena Roy 
 *Undergraduate student, Schreyer Honors College,  Eberly College of Science, The 

Pennsylvania State University 
  
 Annelids such as leeches can be a valuables source of forensic evidence. We used Copan 

microFLOQ® Direct swabs, 4N6 FLOQSwabs® Crime Scene swabs and two amplification 
kits to generate Y-STR profiles from human blood ingested by leeches, utilizing two direct 
amplification methods and a third traditional method with extraction and quantification.   
The leeches were fed human blood and euthanized by freezing at certain specific times. Two 
direct amplification methods and extraction of gut blood were used following three different 
protocols. Direct amplifications were performed with Copan microFLOQ® Direct Swab. 
The Yfiler® Plus Amplification Kit, a 27-plex Y-STR system, and the PowerPlex® Y23 
System, a 23 Y-STR loci kit were utilized for amplification. Reference samples were 
amplified using the three protocols and analyzed similarly using both amplification kits.   
One direct amplification method yielded a few partial, and many complete and consistent 
profiles, the second direct amplification method and the extracted samples yielded complete, 
concordant, and consistent profiles within and between all samples, and within and between 
two different amplification kits, thus proving leeches can be an important source of 
evidence. 
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P173 Null allele in a deficitary paternity case 
 Aldo Di Nunzio*, Ciro Di Nunzio, Nadia Tinto, Fernanda Iafusco, Angelica Zibetti, 

Pietrantonio Ricci 
 *Forensic Genetics Laboratory, Ceinge S.c.a.r.l. Naples, Italy 
  
 An STR null allele is an allele at a microsatellite locus that fails to amplify. A possible cause 

is poor primer annealing due to nucleotide sequence divergence in the flanking primers. The 
null allele presence can be highlighted during population studies by observing a 
heterozygote deficit. Instead, this scenario is not easily evident when you are dealing with a 
de novo mutation studying a kinship relation between few people. 
 
In this study, a woman (ZAM) wanted to know whether a man (PGAF) was the father of her 
child (ZGC). During the court settlement, PGAF died. PGAF’s parents refused to undergo 
DNA investigation and denied the access to biological fragments from their dead son. 
Although, DNA specimens were obtained from buccal swabs of ZAM, ZGC and PGAF’s 
paternal sister (PTFS). Initially, only autosomal profiles were studied and kinship 
assignment was inconclusive. Following our requests, PGAF’s parents (PRGF and LLGM) 
led us to obtain their DNA specimens. Actually, only with the PTFS genetic profile, we 
were not able to demonstrate a kinship assignment. PTFS showed a homozygosis at 
D8S1179 locus. Then, merely comparing PTFS, LLGM and ZGC autosomal genetic profiles 
it was possible to underline that they were three different homozygous at D8S1179 locus. 
Hence, according to literature, they had to carry a null allele at this locus. 
 
Parental studies were completed by X/Y haplotype analysis. DNA extracted from buccal 
swabs were quantified with PowerQuant® System, while autosomal profiles were obtained 
with AmpFLSTR™ NGM Select™ Amplification kit and X-Haplotype with 
Investigator®ArgusX-12 kit. Moreover, PRGF and ZGC Y-profiles were also obtained by 
AmpFLSTR™ Yfiler™ PCR Amplification Kit.  
 
According to ISFG guidelines, the biostatistical evaluation in kinship analysis was based on 
a likelihood ratio approach, using Familias 3 and FamiLinkX programs respectively on the 
autosomes and X-chromosome analysis. The Y-STR profile confirmed the father/son 
relation. 
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P174 Two years of practical application of the SmartRank software in Germany: a status 
report 

 Christian Sell*, Sonja Menges, Ingo Bastisch 
 *BKA, Federal Criminal Police Office, Forensic Science Institute, Wiesbaden, Germany 
  
 SmartRank is an open-source software tool developed by the Netherlands Forensic Science 

Institute as part of an EU project. It allows searching national DNA databases with complex 
DNA profiles. In order to explore the option of using SmartRank in Germany, the DNA 
division of the BKA Forensic Science Institute adopted the SmartRank software and 
initiated a pilot project starting with a validation study. Based on our promising results, it 
was decided to put the software into practical use. Since it is currently not possible to 
integrate SmartRank into the German DNA database, a concept for a provisional practical 
application has been developed that enables federal and state police investigative agencies to 
have SmartRank searches carried out. 
 
In the framework of this interim solution we have processed nearly 800 SmartRank queries 
since March 2020 and have performed the corresponding database searches for mixed DNA 
traces. Here we present our findings and experiences and also describe some challenges we 
have faced. One of the most important practical aspects concerns the usefulness of the 
search results for the investigations, i.e. the question of whether or not the SmartRank search 
provided useful investigative leads. Based on the feedback of the investigators our general 
conclusion is that SmartRank is a useful and powerful tool for everyday policework. We 
observed striking differences in the success rate of SmartRank searches by different local 
laboratories. As a possible explanation for these differences, the chances of success might be 
strongly influenced by the selection and quality of the traces. 
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P175 Development of a research grade test material for supporting community-wide 
validation efforts 

 Erica L. Romsos*, Carolyn R. Steffen, Peter M. Vallone 
 *National Institute of Standards and Technology, Applied Genetics Group, Gaithersburg, 

MD, USA 
  
 A Research Grade Test Material (RGTM) is a new classification of exploratory material 

produced by NIST, which aims to evaluate fit-for-purpose needs within a community. An 
RGTM does not have the same high level of characterization as a Standard Reference 
Material but can be disseminated more quickly to address potential measurement needs. As 
current privacy issues often preclude forensic DNA laboratories from sharing STR profiles 
in the public domain, the motivation to release an RGTM is to aid validation efforts by 
offering a set of DNA extracts with explicit informed consent which allow for public sharing 
of STR profiles. This will also facilitate an increased transparency between laboratories and 
law enforcement stakeholders. 
 
The RGTM material will be comprised of a set of well-quantified DNA extracts to be sent to 
interested forensic DNA laboratories. Initially, NIST will provide allele calls for the U.S. 
core loci. The extracts may be used to support the validation of methods employed in a 
forensic laboratory and an interface will be developed to facilitate feedback to NIST. This 
data will aid in supporting future studies focused on material stability and additional types of 
materials to support the forensic DNA community. 
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P176 MPS mainstream forensic workflow under UNE-EN ISO/IEC 17025. ForenSeq 
MainstAY Kit validation 

 Navarro-Vera, I*, Hernandez-Maza, A, Merchan-Valdivia, M, Bravo-Gómez, S 
 *CITOGEN SLU, Zaragoza, Spain 
  
 The use of massive parallel sequencing (MPS) is being incorporated quickly into forensic 

genetics. To allow the use of the data obtained by MPS, forensic casework laboratories are 
committed to get an accreditation. In 2020, CITOGEN became the first forensic genetics 
laboratory in Spain working with MPS under UNE-EN ISO/IEC 17025 accreditation. In this 
work we show the data of our next step: achieving the accreditation of the new ForenSeqTM 
MainstAY Kit (Verogen) to be able to leave CE behind. ForenSeq MainstAY Kit targets the 
core autosomal and Y-STRs and arises as the most accessible way to generate highly 
discriminating data for mainstream casework testing. In the first stage (2019) ForenSeqTM 
Signature Prep Kit was validated, but, as it was to our interest to completely switch the 
forensic workflow from CE to MPS, we needed the MainstAY kit to be under accreditation. 
The aim of this work is to share the obtained data from our validation process. In order to do 
that, 70 tests were done to get enough data to do sensibility, precision, accuracy and call rate 
calculations, starting from different types of samples: blood, saliva, hair and extracted DNA, 
in different supports: FTA card, BSSS card, Gencollect card and swab. All of them had 
already been tested by capillary electrophoresis. To assess sensibility, amplifications starting 
from different DNA inputs (0,25ng-0.5ng-1ng) were performed. Accuracy, precision and 
call rate calculations were done for all the DNA inputs. Accuracy studies showed values 
>99% for all autosomal and Y-STRs on all three DNA inputs. Precision data obtained were 
>99% for samples with 1 ng and 0.5ng DNA input and 94% for samples with 0.25ng DNA 
input. Call rate studies showed results >99% for all the DNA inputs used. 
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P177 Evaluation of the ForenSeq mtDNA Whole Genome Kit for massively parallel 
sequencing of mitochondrial genomes 

 Vania Pereira*, Marie-Louise Kampmann, Claus Børsting 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 The performance of Verogen’s ForenSeq mtDNA Whole Genome Kit and its possible 

application in a forensic setting was evaluated. We carried out three sequencing runs that 
included 1) a dilution series of two different samples (200pg – 6.25pg input nuclear DNA), 
2) casework samples, and 3) hair, blood and buccal samples from the same individual. For 
samples described in 1) the method was tested using different reagent volume in the PCR 
and library building (recommended volume or half-volume).   
Reference samples were analysed in duplicates, and positive and negative controls were 
included in every run. All mtDNA profiles were known from previous typings with the 
Precision ID mtDNA Whole Genome Panel or using long range PCR and the MiSeq 
instrument.   
 
The average coverage per sample was >1200x in all samples, although some regions had 
coverage <50x. Using half volume of reagents did not compromise the quality of the results 
and can be a cost effective alternative for reference samples. When the analytical threshold 
was set to 10%, complete concordance was observed between the duplicates and previous 
results. Heteroplasmy was consistent with prior observations although frequencies varied up 
to 10% compared to previous results. 
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P178 Make it “SNPpy” - Updates to SRM 2391d: PCR-based profiling standard 
 Carolyn R. Steffen*, Erica L. Romsos, Kevin M. Kiesler, Lisa A. Borsuk, Katherine B. 

Gettings, Peter M. Vallone 
 *National Institute of Standards and Technology 
  
 Standard Reference Material (SRM) 2391d: PCR-Based DNA Profiling Standard was 

released to the forensic community in 2019. Next Generation Sequencing (NGS) was used 
as the primary method of certification, where certified values were assigned when a high 
coverage sequence string was available for a marker. Using NGS to assign values has 
allowed for additional marker sets beyond short tandem repeat (STR) loci, including single 
nucleotide polymorphisms (SNPs) and mitochondrial DNA (mtDNA) whole genome 
sequences, to be included in the Certificate of Analysis (COA).   
  
Since the 2019 release, several commercial NGS panels have become available including the 
Verogen ForenSeq mtDNA Control Region, mtDNA Whole Genome, MainstAY, and 
Kintelligence Kits. In addition, three custom Ion AmpliSeq panels from Thermo Fisher 
(MH-74 Plex, VISAGE, and Y-SNP) are now available. While the mtDNA whole genome 
sequence for the components are already included and no new STR markers are introduced 
by MainstAY, the other recently released panels allow for the inclusion of >11,000 
additional SNPs (e.g., identity, ancestry, phenotype, kinship, and X- and Y-SNPs) and 74 
microhaplotypes to the COA for SRM 2391d in an update to be completed by summer of 
2022. 
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P179 New standards and best practice recommendations for forensic DNA testing 
laboratories 

 Charlotte J Word* 
 *Charlotte Word - Consultant 
  
 A number of standards and best practice recommendations are now, or soon to be, published 

and available for implementation in forensic DNA testing laboratories. These documents 
cover several diverse areas including:  

1) Standards addressing validation and verification studies critical for the development 
and use of protocols for the interpretation and comparison of mixed DNA profiles 
and the use of probabilistic genotyping software;  

2) Reporting of DNA test results when controls have failed or contamination events 
have occurred;  

3) Management and use of elimination databases for quality assurance; and  
4) Training program requirements for various aspects of DNA testing. 

 
By attending this presentation, the attendees will learn about:  

1) Various standards that are published and available for implementation as well as 
about additional documents that are currently under development; 

2) Pathways these documents have followed through drafting at the Organization of 
Scientific Area Committees (OSAC) for Forensic Science, the formal vetting through 
the American Academy of Forensic Sciences (AAFS) Standards Board (ASB) - a 
Standards Development Organization, approval by the American National Standards 
Institute (ANSI), and acceptance onto the OSAC Registry; 

3) Training, tools, and resources to assist with the implementation of standards and best 
practice recommendations; 

4) Information on how to participate in the drafting and development of future 
standards and best practice recommendations as well as revisions of the documents 
at their 5 year anniversary; and  

5) Guidance and information from laboratories that have implemented standards and 
best practice recommendations.   

 
This presentation should be of interest to anyone involved in forensic DNA testing and the 
use of its results, including DNA analysts, supervisors and technical leaders, laboratory 
directors, quality assurance managers, consultants, attorneys and judges. 
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P180 The contribution of the ICRC’s Forensic Genetic Centre to forensic humanitarian 
action 

 Lejla Smajlovic Skenderagic*, Sejla Idrizbegovic, Mustafa Sakic, Iana Malkhazova, Jane 
Amelia Taylor, Maria Dolores Morcillo Mendez, Luis Bernardo Fondebrider 

 *International Committee of the Red Cross (ICRC) 
  
 Large scale identification projects (due to disaster, conflict or long term missing) are 

challenging for most countries. Many medico-legal systems and forensic DNA laboratories 
lack the experience and capacity needed for DNA supported identification processes and 
processing high numbers of bone samples. 
 
The International Committee of the Red Cross (ICRC) forensic services provide local 
authorities and forensic practitioners with assistance and training in searching, recovering, 
analyzing, identifying, and managing unidentified human remains. Established in 2019, the 
ICRC Forensic Genetic Centre assists in DNA supported identification of the missing in the 
South Caucasus and supports building and strengthening forensic DNA capacities in 
humanitarian action worldwide.   
 
Here we provide an overview of the common problems encountered in forensic DNA 
laboratories engaged in these large scale identification projects, including the absence of 
data management, DNA matching, lack of experience in processing bone samples, and 
interpretation of related STR data, as well as lack of a multi-disciplinary and integrated 
approach in the identification process. 
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P181 The Italian GeFI code of conduct 
 Loredana Buscemi*, Carla Bini, Luciana Caenazzo, Francesco De Stefano, Ranieri 

Domenici, Paolo Fattorini, Paolo Garofano, Emiliano Giardina, Susi Pelotti, Andrea 
Piccinini, Carlo Robino 

 *Legal Medicine, AOU Ospedali Riuniti Ancona, Marche Polytechnic University, Ancona, 
Italy 

  
 The forensic geneticist is the professional that uses modern molecular biology techniques for 

personal identification and parental relationships. He operates as an expert for the Judicial 
Authority, in both civil and criminal proceedings, and even for private individuals at request. 
At least in Italy, forensic geneticists have no official recognition that should provide certain 
rights and responsibilities to them: practitioners from various fields with adequate 
qualifications, dedicate themselves to this discipline. The only possible restraint upon 
professional misconduct of a forensic geneticist is through membership of a scientific 
society or association, which establishes membership rules. Therefore, there is a need to 
establish codes of conduct, which should be revised regularly from time to time to meet the 
growing scientific-technological advancement, the new laws and any changes of 
deontological codes. 
 
For these reasons, the GeFI board has set up a working group, made up of all the 
practitioners working in the field of forensic genetics, to develop the "Code of conduct of 
forensic geneticist". This code of conduct is intended as an ethical based guide not imposed 
by outside legislations and hence members voluntarily adhere. The guiding principles 
considered have been drawn from professional deontological codes of each profession 
involved in the forensic genetics field as well from suggestions made by the forensic 
scientific community. The principles have been written with the hope that all forensic 
geneticists will incorporate them into their daily work describing some specific rules to 
supplement existing codes adopted by professional organizations; in addition, these 
principles are intended to create a culture of ethical behavior and professional responsibility. 
The code of conduct is designed to promote integrity among practitioners, and to increase 
public community confidence in the quality of forensic genetics. 
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P182 Evaluation studies to support certification of Parabon’s Snapshot advanced DNA 
analysis by the New York Department of Health 

 Mark Wilson*, Ellen Greytak 
 *Parabon NanoLabs, Inc. 
  
 The New York Department of Health (NY DoH) regulates forensic DNA casework in New 

York State. In August, 2018, Parabon NanoLabs submitted an application to the NY DoH 
for approval in Forensic Identity. Parabon’s application sought approval to use SNP 
microarray genotyping data generated at partner laboratories to support phenotyping, 
ancestry, mixture deconvolution, kinship, and genetic genealogy. Parabon’s partner 
laboratories are primarily clinical laboratories that routinely perform SNP microarray 
genotyping. Because clinical laboratory permits are issued separately by NY DoH, a parallel 
approach that included separate but related certificates in bioinformatics and laboratory data 
generation in Molecular Genetics was employed. Evaluation studies were conducted to 
support the permit applications. Samples consisted of replicate buccal, semen, blood, and 
bone extracts as well as NIST 8398. This human DNA reference material was included in all 
beadchips to allow comparison across beadchips. NIST 8398 has been extensively re-
sequenced using different sequencing techniques and allowed for SNP genotype 
comparisons to be made across sequencing platforms and methods. 
 
The evaluation study results showed consistency across a wide range of replicated samples 
that were genotyped under a variety of conditions. Regardless of when or where the samples 
were processed or the input DNA amount, the SNP genotypes showed very high 
consistency, even when call rates were lower. The prediction results were almost identical.  
Most importantly, the conclusions that would be drawn from the predictions were the same.  
Most of the results were obtained using the minimum input quantity defined in the Snapshot 
SOPs. 
 
In July, 2020, Parabon was awarded a certificate in Forensic Identity from NY DoH. The 
services included data analysis, phenotyping, ancestry, kinship and genetic genealogy of 
single-source and deduced single-source samples (separated from mixtures). 
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P183 Test of chlorine wipes for efiicient removal of DNA from forensic genetics laboratories 
 Bo Thisted Simonsen*, Marie-Louise Kampmann, Claus Børsting 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 Sodium hypochlorite is an efficient reagent for removal of unwanted DNA from laboratory 

surfaces. Usually, a solution with 1-5% hypochlorite is used to prevent contamination and 
carry-over of DNA between samples or equipment. However, it might be difficult to handle 
liquid hypochlorite in the field or at a crime scene.  
 
Here, we tested two different chlorine wipes and compared their performance to a 0.9-1.8% 
hypochlorite solution. WipeClean Chlorine Disinfection wipes contain >0.1 g sodium 
hypochlorite/kg, whereas WetWipe Chlorine Desinfection wipes contain >1000 ppm active 
chlorine. Clean surfaces were contaminated with 10µl 0.5 ng/µl of massively parallel 
sequencing library. The DNA was dried and left for 45 minutes before any treatment. The 
surfaces were cleaned using either 1) wipes containing 0.9-1.8% hypochlorite solution, 2) a 
WipeClean wipe, 3) a WetWipe, or 4) the surface was not cleaned. All experiments were 
repeated three times. Subsequently, the surfaces were swabbed using cotton swabs. DNA 
was extracted from the swabs and the DNA concentrations were determined by real-time 
PCR. This protocol was repeated after the boxes with the wipes were left open or closed for 
several weeks. 
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P184 Test for contamination in connection with renovation of post-PCR laboratories 
 Christina M. Dahmcke*, Cathrine B. Petersen, Anders Buchard, Claus Børsting 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 The Teilum building housing the Department of Forensic Medicine at the University of 

Copenhagen was renovated in 2021/22.  All windows were replaced and the heating system 
was upgraded. At the Section of Forensic Genetics, the post-PCR rooms (one for trace and 
reference samples, respectively) and the airlocks leading into the rooms have reduced air 
pressure compared to the hallway and the rest of the Department. This is done to prevent 
PCR products from escaping to other areas in the building, primarily the pre-PCR rooms. 
During the renovation, the post-PCR laboratories were not operational and the lower air 
pressure was not maintained. A changing room was built in the hallway outside one of the 
airlocks and the construction workers were instructed to change to boiler suits and shoes that 
should only be worn in the post-PCR rooms. Samples were taken before, during and after 
the renovation from 1) surfaces in the post-PCR, airlocks, and hallway, 2) boiler suits, shoes, 
and surfaces in the changing room, 3) buttons, rails, and the wall of the nearby elevator, and 
4) surfaces in the pre-PCR rooms in order to monitor the possible spread of PCR products 
from the post-PCR areas. Results from analysis of these samples will be presented. 
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P185 Contamination of forensic DNA evidence in the light of Hungarian court decisions – A 
review of 25 years 

 Gábor Kovacs*, Katalin Erdélyi, Zsolt Pádár, Petra Zenke, Mónika Nogel 
 *Széchenyi István University (HU) 
  
 Aim 

Evaluation of forensic DNA expert report/opinions and the way how it affects the judgment 
is of paramount importance. Depending on a criminal justice system, the evaluation of the 
forensic DNA expert report/opinion falls within the jury’s or judge’s cognizance. The 
Hungarian legal system is based on continental civil law, therefore the professional judge is 
the one who decides about the credibility and usability of the DNA evidence. The judge is 
supposed to justify his/her resolution in written form. We have selected DNA contamination 
– one of the biggest challenges when it comes to the evaluation of forensic DNA evidence – 
and we have examined how it influences the decision judges make about the credibility of 
the DNA evidence. 
 
Source/Material 
The collection of court decisions contains 185000 anonymized verdicts, including 
justification of the decision. Our study covered criminal judgments between 1996 and 2021, 
which involved a review of 29409 cases. 
 
Method 
We have examined the judgments with a help of a search engine and a self-designed 
algorithm. Only 2181 cases from 29409 touched upon the results of DNA analysis in the 
past 25 years. DNA contamination was mentioned in 50 cases. All judgments were 
examined in detail, based on pre-planned criteria. The findings of our study are based on this 
evaluation. 
 
Results 
Conclusions of forensic DNA examination were criticized exclusively by the defense. The 
main objections were related to contamination and sampling errors. Judges often accepted 
the arguments of the defense in their judgments, however, the final decisions were not 
influenced by them in these cases either. The substantive evaluation was minimal. Judges 
usually accepted forensic DNA expert reports/opinions, exclusion was unprecedented, not 
even in those cases where the contamination of the DNA sample was possible. 
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P186 Contamination events in forensic genetics laboratories. The experience of the service of 
biology of the INTCF-MAD 

 Pedro A. Barrio*, Pablo Martín, M Del Carmen Gonzalez-Albo, Beatriz Heinrichs 
 *National Institute of Toxicology and Forensic Sciences, Department of Madrid, Service of 

Biology 
  
 Contamination can be defined as “the unintentional introduction of exogenous DNA, or 

biological material containing DNA, to an exhibit or subsample derived from an exhibit at or 
after the point when a controlled forensic process starts”. This event is distinct from the 
adventitious transfer of biological material to an evidence, often referred to as background 
DNA, that can also occur, usually prior to the evidence or sample being recovered and 
before investigative agencies have intervened. 
 
There are many guidelines and recommendations on how to prevent and control this type of 
contamination events (FSR, 2015-2020; SWGDAM, 2017; ENFSI, 2017; OSAC, 2020; 
QAS-FBI, 2020). The Forensic Genetics laboratory must have the mechanisms and tools to 
detect and monitor this type of events (negative extraction and amplification controls, 
sample comparisons tools post-detection). In addition, they must periodically carry out 
contamination assessment studies to control these events and take measures, if necessary. 
This work shows the contamination assessment studies carried out between 2014 and 2021 
in the Service of Biology, Department of Madrid, National Institute of Toxicology and 
Forensic Sciences (INTCF-MAD, Ministry of Justice). The number of samples and controls 
analyzed in the laboratory, the percentages of contaminated samples and controls, whether 
or not they can be traced, the origin of the contamination, and finally, the measures to 
consider to minimize it are assessed annually. 
 
Contamination cannot be completely eliminated, due to the permanence of human DNA in 
the places where people move, specifically in workplaces. It is revealed by the increasing 
sensitivity of analytical techniques. Therefore, an effective DNA anti-contamination process 
requires a combination of approaches, both to minimize the risk of occurrence and to 
maximize the ability to detect contamination when it occurs. 
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P187 DNA transfer in packaging: attention required 
 Roland A.H. van Oorschot*, Carl J. Stella, Georgina E. Meakin 
 *1. Office of the Chief Forensic Scientist, Victoria Police Forensic Services Department, 

Macleod, VIC 3085, Australia. 2. School of Agriculture, Biomedicine and Environment, La 
Trobe University, Bundoora, VIC 3086, Australia 

  
 Items from crime scenes are frequently packaged and transported to laboratories for forensic 

examination. The packaging primarily maintains the integrity of forensic evidence 
associated with the item by protecting it from contamination and environmental impacts plus 
limiting and recording access. There is a diversity in the types of packaging used. We are 
aware that DNA containing material may transfer from an item to the internal side of 
packaging (i.e. loss of DNA from a potentially targeted sampling area thus possibly reducing 
the capacity to obtain a full profile of a POI and limiting its evidentiary value) and/or from 
one area of an item to another area (i.e. potentially creating more complex DNA results from 
collected samples thus limiting the identification of a POI and/or compromise inferences 
drawn from DNA results. However, the level of transfer risks is unclear, as are the main 
impacting factors. It is thus highly relevant to improve our understanding of these. Here we 
explore what commonly applied Standards prescribe regarding packaging requirements to 
maintain the integrity of DNA on a packaged item and consider packaging features and 
related protocols that may limit the risk of DNA transfer within packaging. 
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P188 Large-scale validation of probabilistic genotyping software GenoProof Mixture 
 Mateusz Susik*, Holger Schönborn, Anne-Marie Pflugbeil 
 *Biotype GmbH 
  
 Fully continuous probabilistic genotyping software is commonly adopted today to estimate 

the strength of the evidence. This strength is usually expressed in the form of likelihood 
ratios. We provide an internal validation study of one of the solutions for calculating such 
likelihood ratios -  GenoProof Mixture 5.1 developed by qualitype GmbH. The validation is 
performed on publicly available PROVEDIt database DNA mixtures. We show that 
GenoProof Mixture provides reliable likelihood ratios in the case of complex 2, 3, and 4 
contributor mixtures. We compare the results against the published data of other methods 
(STRmix™ v2.6, Euroformix v2.1.0, and HMC of Susik et al.) and discuss the differences 
between the results obtained with different models. 
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P189 Precision DNA mixture interpretation with single-cell profiling 
 Jianye Ge*, Jonathan King, Amy Smuts, Bruce Budowle 
 *University of North Texas Health Science Center 
  
 Wet-lab based studies have exploited emerging single-cell technologies to address the 

challenges of interpreting forensic mixture evidence. However, little effort has been 
dedicated to developing a systematic approach to interpreting the single-cell profiles derived 
from the mixtures. This study is the first attempt to develop a comprehensive interpretation 
workflow in which single-cell profiles from mixtures are interpreted individually and 
holistically. In this approach, the genotypes from each cell are assessed, the number of 
contributors (NOC) of the single-cell profiles is estimated, followed by developing a 
consensus profile of each contributor, and finally the consensus profile(s) can be used for a 
DNA database search or comparing with known profiles to determine their potential sources. 
The potential of this single-cell interpretation workflow was assessed by simulation with 
various mixture scenarios and empirical allele drop-out and drop-in rates, the accuracies of 
estimating the NOC, the accuracies of recovering the true alleles by consensus, and the 
capabilities of deconvolving mixtures with related contributors. The results support that the 
single-cell based mixture interpretation can provide a precision that cannot beachieved with 
current standard CE-STR analyses. A new paradigm for mixture interpretation is available to 
enhance the interpretation of forensic genetic casework. 
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P190 Complete profiling of DNA types of each contributor from dried mixed-blood spot 
using single-cell genomic analysis 

 Yukiko Dozen*, Yohei Miyake, Shunsuke Yamada, Masaomi Okamoto, Taiki Yoshimoto, 
Kensho Tatsumi, Tomomi Michiue, Atsushi Nagai 

 *Department of Legal Medicine, Graduate School of Medicine, Gifu University 
  
 Introduction: We have conducted DNA typing of single leukocytes isolated from dried 

mixed-blood spots using single-cell genomic analysis, including whole genome 
amplification so far. Although this method effectively identified individuals, it did not 
provide complete profiles of the DNA types of each contributor involved in the mixed blood 
spot. In this study, we attempted to obtain the complete profiles of the DNA types of each 
contributor by overlaying multiple DNA typing results of single leukocytes isolated from 
dried mixed-blood spots.  
 
Materials and methods: Dried blood spot involving two individuals (named donors A and B) 
was rehydrated, and CD3-positive cells were isolated using a Cell Sorter SH800 (Sony). 
DNA contained in the single cells was whole-genome amplified with the REPLI-g Single 
Cell Kit (Qiagen), and PCR amplified for 15 STR loci and an amelogenin locus with the 
AmpFlSTR Identifiler Plus PCR Amplification Kit (ABI). The DNA types of this dried 
mixed-blood spot were also analyzed without single cell sorting as a reference for mixed 
samples. Based on the reference DNA types of mixed samples, we wrote down possible 
combinations of alleles (allele pattern) for all loci and estimated which pattern each single 
cell sample fit. According to the results, we predicted the DNA types of each donor.  
 
Results and discussion: The DNA types estimated to be from donor B matched completely 
with the original DNA types of the donor B. In donor A, there was one locus that was 
difficult to determine but excluding that locus, 15 loci matched with the original types of the 
donor A. These results suggest that the individual identification from dried mixed-blood spot 
using single-cell genomic analysis will make obtaining complete DNA types of each 
contributor possible. In the future, we will investigate ways to analyze complete DNA types 
more easily and accurately using AI (artificial intelligence) and computer programming. 
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P191 Deconvolution rules: A tool to solve a complex paternity case where child was chimeric 
 Ciro Di Nunzio*, Giovanna Maione, Aldo Di Nunzio, Carmen Scalise, Pietrantonio Ricci, 

Nadia Tinto 
 *Department of Legal Medicine, University of Catanzaro “Magna Graecia” Germaneto 

(CZ), Italy 
  
 STR-autosomal markers are among the most powerful systems to solve kinship attribution 

cases. The Y-STR chromosome analysis is another widely accepted system to confirm the 
alleged father-son relation. Hence, a woman (VE) wanted to know whether a man (MR) was 
the father of her child (VM).  VM was hospitalized at a paediatric hospital in Florence 
(Italy). Because of his leukaemia, VM underwent a bone marrow transplant. His mother was 
the donor. DNA specimens were obtained from buccal swabs. They were quantified with 
PowerQuant® System, while autosomal profiles were obtained with GlobalFiler™ 
Amplification kit. Moreover, MR and VM profiles were also obtained by AmpFLSTR™ 
Yfiler™ PCR Amplification Kit. Due to the donor and recipient contributions, the VM’s 
autosomal profile was probably a mother-son chimeric profile. Furthermore, a maximum of 
three alleles were detected per locus. The PowerQuant® System highlighted a concentration 
(autosomal/Y) ratio of almost 2. This finding was even underlined with the GlobalFiler™ 
system, which showed a peak height ratio (X/Y) of 1.8. 
 
Additionally, allelic constellation and unbalanced peak height ratio confirmed the hypothesis 
of a mother/son mixture. Although, we were not able to obtain the recipient's STR 
autosomal profile because of the different STR markers studied in the Hospital. Thus, we 
compared locus by locus, the known maternal (VE) profile and the child (VM) profile. We 
identified the pairs of mother-son alleles for each locus by applying the deconvolution rules 
of two contributors in the mixture, where one of them is known. Hence, we chose the most 
probably pair about the profile mixture ratio of 1.8 woman/man. According to ISFG 
guidelines, the biostatistical interpretation has based on a likelihood ratio approach. We used 
respectively LRmix software to interpret the mother/son mixture and Familias 3 to 
comprehend the kinship on the autosomes analysis. The Y-STR profile confirmed the 
father/son relation. 
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P192 A simple tool for improved assignment of the number of contributors (NoC) to a 
mixture 

 Jim Thomson*, David Moore, Tim Clayton 
 *Eurofins Forensic Services 
  
 Estimating the number of contributors (NoC) present in a STR profile mixture is an 

important step in the process of calculating a likelihood ratio (LR) for a mixed profile. A 
commonly used metric is the maximum allele count (MAC) whereby the locus with the 
largest number of allelic peaks present is identified and this allele count is then divided by 
two and rounded up. This provides the minimum NoC present within the DNA mixture. This 
crude approach can be refined by considering the total allele count (TAC) and the locus 
allele count (LAC). The TAC metric sums the total number of allelic peaks present across a 
mixed profile and compares this with probability distributions generated in silico for 
hypothetical N-person mixtures to estimate the NoC. The LAC metric works in a very 
similar way save that the probability distributions are generated at the locus level (as 
opposed to the profile level) and are then combined to compute an overall likelihood ratio. 
We present a comparative analysis of these methods using a simulated data set of 10,000 
each of 2-person (2p), 3p, 4p, 5p, 6p and 7p mixtures generated in silico. These data were 
used to generate the parameter distribution sets for each of the different N-contributor 
scenarios. This analysis showed LAC to be the single most accurate method, but that a 
combined approach using all three metrics provides the best overall information on which to 
base NoC assignment. We have developed and validated a simple tool to automate these 
calculations and present a graphical output of the results to facilitate its uptake in operational 
casework. 
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P193 Grouped and ungrouped single-cell electropherograms enable precision DNA 
interpretation: Relevancy and legitimacy of single-cell forensics 

 Madison M. Mulcahy*, Leah O'Donnell, Nidhi C. Sheth, Desmond S. Lun, Ken R. Duffy, 
Catherine M. Grgicak 

 *Rutgers University 
  
 Traditional mixture interpretation works within a likelihood ratio (LR) paradigm and 

requires assumptions on relatedness and whether a known contributor’s DNA is present in 
the data. In cases where the number of contributors (NoC) is large, computational 
requirements not only become significant, but the LR for a true contributor converges to one 
as the NoC increases.  
 
One solution is to implement a strategy that seeks to interpret single cell electropherograms 
(scEPG), therein relieving burdens associated with testing across multifarious assumptions 
and circumventing LR effects from large contributor numbers. Despite its potential, single-
cell analysis has not received widespread consideration within the forensic domain and, 
therefore, requires studies that affirm its relevance to it. To that end, we demonstrate the 
flexibility of this strategy by showing that for a set of mixtures containing 2- to 5- persons, 
the LR for a cluster of scEPGs, grouped by similarity, approached that of the known 
genotype regardless of the number of individuals comprising the mixture. Also tested was 
the boundary case where each cluster contained only one scEPG. We found that a total peak 
height of 5000 RFU, representing ca. 10 allele peaks, rendered LR ≈ 106 and that over 80% 
of the cells exhibited at least this allele detection rate. The scLRs acquired from the relevant 
software application, named EESCIt for Evidentiary Evaluation of Single Cells, were 
perfectly repeatable, and were obtained in less than a minute for both clustered and non-
clustered applications regardless of admixture complexity. These results, therein, 
demonstrate the relevance, salience, and legitimacy of this strategy within the forensic 
domain, justifying further development. 
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P194 A forensically relevant unsupervised learning approach that accurately clusters single-
cell electropherograms 

 Nidhi C. Sheth*, Leah O'Donnell, Madison M. Mulcahy, Ken R. Duffy, Catherine M. 
Grgicak 

 *Rutgers University 
  
 Forensic DNA signal is challenging to assess, requiring computational tools and 

multifarious assumptions to support its interpretation. Single-cell methods offer relief to the 
forensic DNA multi-proposition problem by applying a step that separates cells before 
extraction. We present results that demonstrate the promise of this method by exploring a 
two-stage interpretation strategy that clusters single-cell EPGs (scEPGs) into distinct groups 
and calculates a single LR for the scEPGs in that cluster. Since this LR assumes the group of 
scEPGs are of the same individual, effective clustering and good scEPG quality are 
paramount. In this presentation, we, first, show that improved scEPG qualities – measured 
by peak height, allele drop-out, and scEPG sloping – are enabled by applying a direct-to-
PCR laboratory pipeline that incorporates phosphate buffer saline, Proteinase K, and DTT at 
concentrations significantly less than those applied to bulk procedures. Specifically, a 
significant 77% of the scEPGs exhibited at least a 50% allele detection rate and a median 
peak height of 550 RFU per allele. Next, we argue for the suitability of Gaussian Mixture 
Models (GMM) as an effective unsupervised learning approach since it simultaneously 
determines the number of clusters, assigns a group index to each scEPG, and reports the 
probability that scEPG is of a cluster. Lastly, we report the efficacy of GMMs on a set of 
blood or epithelial cell admixtures consisting of 2- to 5- persons. Once EPGs with poor total 
signal were excluded, GMM was deemed fit-for-purpose, offering high-fidelity clustering 
into groups, with early results showing that the propensity for GMMs to render clusters with 
scEPGs from more than one contributor is rare (<0.1% across all mixtures tested). 
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P195 Evaluation of EuroForMix deconvolution to infer minor contributor genotype of two 
person mixture 

 Nidia M. Modesti*, Sofía C.  Angeletti, Viviana C. Rena, E. M. Eugenia Correa, M. 
Fernanda Salazar Zaffaroni, Viviana E. Furrer 

 *Instituto de Genética Forense - Poder Judicial de Córdoba - Córdoba - Argentina 
  
 The goal of the following study is to infer correctly the minor contributor´s genotype from 

two persons mixture performing deconvolution with EuroForMix software. This purpose is 
valuable to evaluate the weight of evidence and to minimized adventitious matches in 
national DNA databases. GlobalFiler DNA profiles of two donors (male and female) with 
known genotypes were used varying mixture proportion (1:19 to 1:1) for each contributor at 
different amount of DNA (1, 0.5 ng), with two replicates for each condition. The 
deconvolution was done for the Prosecutor Hipotesis considering one known contributor and 
one unknown contributor, either for male and female donors. To predict the minor 
contributor genotype for each locus, Top Marginal and Ratio to the Next were used for 
analysis. Deconvolutions for each experimental condition were compared using three RTN 
values (10, 5, 2). Most likely genotype was compared with the “true” reference profile and 
results were considered “full match” (“FM”) when both genotypes were the same, “partial 
match” (“PM”) with one allele shared, “no match” (“NM”) where no alleles were shared.    
Results at 1 ng with 5 and 10 RTN showed not “PM” neither “NM”, and high level of “FM” 
mainly at ratio 1:1. With 2 RTN showed “NM” and “PM” at ratio 1:9 and 1:3, and high level 
of “FM” at 1:1 and 1:3 ratio. The results at 0.5 ng for 5 and 10 RTN were similar with slight 
difference.  
  
Concluding remarks: a) 10 RTN threshold gives always a correct genotype but at the cost of 
missing some loci, b) 2 RTN threshold allows a higher percentage of correct genotypes to be 
inferred, however, it increases the amount of “PM” and “NM” giving a profile less reliable 
to upload to a database, c) 5 RTN threshold is a reasonable threshold to infer the correct 
genotype of the minor contributor of two person mixture, taking into account the need of 
verifying situations where the minor component could correspond to low template. 
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P196 Improving the accuracy of LR-ranking based DNA database searches with complex 
DNA mixtures 

 Jerry Hoogenboom*, Corina Benschop, Titia Sijen 
 *Netherlands Forensic Institute 
  
 National DNA Databases have proven to be an invaluable tool in investigative forensic 

genetics. With crime scene samples of low complexity, such as single-source or two-person 
DNA profiles or derived major contributors, potential donors can be retrieved easily using 
conventional DNA database search strategies. For more complex mixtures, SmartRank 
proved to be a useful software. It presents DNA database candidates in order of decreasing 
likelihood ratio (LR) using a qualitative probability model. With regard to minor 
contributors in complex mixtures, a quantitative model is superior to a qualitative model in 
terms of sensitivity and specificity, as a quantitative model is capable of taking peak heights 
into account. In this work, we demonstrate the benefits of combining the LR-ranking method 
with a quantitative model, implemented in the probabilistic genotyping software 
DNAStatistX. This DNA database search approach yielded more true donors than the 
qualitative approach of SmartRank and is sufficiently fast for daily use. As an indication, 
searching a DNA database of about 320.000 DNA profiles takes approximately one, five or 
60 minutes using a two-, three- or four-person mixture, respectively. 
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P197 Challenges of DNA mixture deconvolution using DEPArray technology 
 Janine Schulte*, Eva Scheurer,  Iris Schulz 
 *Institute of Forensic Medicine, University of Basel, Pestalozzistrasse 22, 4056 Basel, 

Switzerland 
  
 Routine cases often involve biological mixtures consisting of either homogenous or in-

homogenous components from multiple contributors and, usually, with an unbalanced 
genetic contribution. Current approaches to resolve mixed biological evidence profiling 
suffer from many drawbacks and limitations (e.g., DNA loss). One promising new strategy 
in mixture deconvolution for single-cell STR profiling is the DEPArray technology 
(Menarini Silicon Biosystems, Italy), which we aim to establish at the Institute of Forensic 
Medicine Basel. A principal concern lies in the technical and single-cell genetic analysis 
challenges that still need to be addressed.  
  
With the DEPArray PLUS upgrade, we will present improved single-cell identification for 
different cell types in biological mixtures. Next, our modified protocol for successfully 
isolated cells resulted in superior single-cell STR profiling outcome in contrast to published 
results. However, the expected increase of stutters and unbalanced peak heights for single 
cells is confirmed. Therefore, the novel possibilities of the upgraded technique, but also its 
remaining difficulties and limitations in implementing to “routine” forensic analyses, will be 
discussed using a real case example. Finally, to establish single-cell analysis in the near 
future, we will compare traditional methods to the novel separation technology focusing on 
the sensitivity and robustness of each approach. To this end, comprehensive scientific 
criteria for the processing and interpreting single-cell profiles in forensic genetics still need 
to be established. 
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P198 Value of the comparison between DNA mixture profiles of more than two contributors 
in Switzerland 

 Patrick Basset*, Louanne Toulemont, Christian Gehrig, Tacha Hicks, Vincent Castella 
 *Forensic Genetics Unit, University Centre of Legal Medicine Lausanne-Geneva, Lausanne 

University Hospital and University of Lausanne, Switzerland 
  
 For a DNA profile to be submitted to the Swiss national DNA database, it is required that 

traces come from no more than two persons. This means that about 10% of the DNA 
mixtures recovered in criminal cases cannot be searched for potential candidates nationwide, 
nor can the traces be compared to one another to provide investigation leads. Police services 
can request local comparisons with DNA profiles of known persons; however, this happens 
in only a small proportion of the cases. In addition, the DNA profiles are rarely compared to 
each other; thus, it is not possible to identify potential series with DNA in those cases. With 
the advent of probabilistic genotyping software and its associated tools, it is now possible to 
carry out this type of comparison, based on likelihood ratios. 
 
In this study, we compared more than 120 mixture profiles pairwise using the mixture-to-
mixture tool of the software STRmix v2.7 with the aim of contributing to identify potential 
common contributors. These DNA profiles originated from traces collected by six different 
police services in 2021. The investigators selected traces based on information that 
supported that these were serial cases. The potential links that were highlighted between 
profiles were then compared to expected investigative links to define the value of this 
approach in the Swiss context. Here, we present the results and determine the advantages 
and limitations of this approach. 
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P199 Detection and analysis of DNA mixtures with the MiSeq FGx 
 Damani Johnson*, Ryan Gutierrez, Timothy Kalafut, Rachel Houston 
 *Sam Houston State University 
  
 Recognizing and interpreting mixtures are challenges that occur frequently in forensic 

casework. Therefore, any new forensic techniques that are implemented must be able to 
handle the challenges of mixed forensic samples. Mixed samples are variable and can have 
limited input samples and various combinations from major and minor donors. To 
successfully process these samples, it is necessary to identify the presence of low-level 
mixture alleles as well as the number of mixture contributors before further interpretation.  
Next generation sequencing (NGS) offers advantages over capillary electrophoresis in 
amplicon multiplexing and degraded sample analysis. NGS may help analysts by providing 
advantages in allele recovery leading to better estimations for the number of contributors 
(NoC), including multiple male and female donors. In addition, NGS may provide more 
confidence in relation to NoC due to the potential for different isoalleles between donors. 
However, advantages with mixture samples will rely heavily on the advancement of user-
friendly analysis software. 
 
This research analyzed mock forensic and mixture samples with the ForenSeq™ DNA 
Signature Prep kit Primer Set A for sequencing on the MiSeq FGx®. In addition, all samples 
were compared with complimentary amplification using the GlobalFiler™ Kit for capillary 
electrophoresis. Metrics tested for both chemistries included concordance, limits of 
detection, and mixture analysis. Data analysis for mixture samples was completed with the 
MixtureAce™ plug-in and ArmedXpert™ software. NGS offered distinct advantages in 
determining the numbers of male contributors, limits of detection, and iso-allele 
heterozygosity but suffered from increased variability in stutter and peak height ratios 
compared to capillary electrophoresis. 
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P200 Descriptive statistics of crime casework in Denmark and evaluation of the future focus 
of forensic genetic research 

 Olivia Strunge Meyer*, Bo Thisted Simonsen, Frederik Torp Petersen, Claus Børsting 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Frederik V’s Vej 11, 2100 Copenhagen, 
Denmark 

  
 In Denmark, the Section of Forensic Genetics at the University of Copenhagen is the sole 

provider of forensic genetic analyses for the Danish authorities, e.g., the Danish police, the 
Danish Immigration Service, and the Agency of Family Law.  In forensic genetic research, 
much focus has been invested in improving standard forensic genetic analyses to: 1) obtain 
information on physical traits, biogeographic ancestry, and age that may be used to identify 
an individual, 2) enable mixture deconvolution, and 3) increase sensitivity and permit 
analysis of trace samples with degraded or a low amount of DNA. Here, we present 
descriptive statistics of crime casework in Denmark from 2016-2021 including the number 
crime cases and sample types where we: 1) obtained full non-mixture DNA-profiles without 
matches to DNA-profiles from suspects or in the DNA-database, 2) obtained mixture DNA-
profiles, and 3) did not obtain a DNA-profile, because of low DNA amount. The information 
will be used to clarify where to focus the attention of future forensic genetic research. 
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P201 The GHEP-ISFG non-human proficiency testing program: A review of the last 11 
proficiency exercises 

 Coro Fernández Oliva*, Maria Gracia Luque, Beatriz Heinrichs, Ruth Pérez 
 *National Institute of Toxicology and Forensic Sciences, (INTCF), Ministry of Justice, 

Madrid. Spain 
  
 Animal forensic genetics is a valuable discipline for identification and individualization 

purposes when an animal is the suspect, to connect a human suspect to a victim or crime 
scene, to investigate wildlife trafficking or food contamination and fraud. As animal forensic 
testing can play a key role in criminal investigations it is necessary that they follow quality 
standard protocols which includes participation in proficiency tests. 
 
In 1992, the Spanish and Portuguese-Speaking Working Group of the International Society 
for Forensic Genetics (GHEP-ISFG), under the coordination of the Quality Assurance 
Service of the National Institute of Toxicology and Forensic Sciences in Madrid (INTCFM), 
started issuing a collaborative exercise on human DNA profiling, which turned into a 
Proficiency testing program in 1995. 
 
Since 2011, this Proficiency testing Program has been annually including a non-human item 
for genetic identification. Domestic, livestock or wild animals have been offered to 
approximately 30 participants annually, in order to identify the genus, species or subspecies.  
Sequencing of mitochondrial DNA genes or analysis of single nucleotide polymorphism 
insertions and deletions (SPInDEL) have been the most frequently used methodologies. 
Usually more than 90% of the participants, in each program, have successfully identify the 
non-human item to species level. The main cause of error has been due to the lack of good 
quality sequences with ambiguities leading to erroneous homologies. Other sources of error 
have occurred when the analytical tools failed to differentiate closely related species or 
intraspecies or when a particular species was not listed in certain database. The results 
obtained, over the last 11 years, have shown that validation studies, surveillance of the 
quality of the analytical results, as well as relevant population databases are essentials to 
improve the use of non-human DNA analysis in forensic science investigations. 
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P203 Consent form, the highest ethical standard in creating DNA databases for criminal 
investigation 

 Renata Jankova*, Pavlinka Donevska, Natasha Bitoljanu, Goran Pavlovski, Robert Janevski, 
Aleksandar Stankov 

 *Institute of forensic medicine, criminalistic and medical deontology, Medical Faculty, 
University St. Cyril and Methodius, Skopje, Republic of North Macedonia 

  
 Preparation of DNA databases for the purpose of criminal investigation opens discussions 

about ethical-legal issues concerning violation of human rights. The practice shows that one 
of the human rights that can be misused while creating such a database is the right to 
freedom, the freedom to make a decision. When preparing DNA databases the right to 
freedom refers to free decision of the person to be sampled for carrying out the test. The 
right to freedom and respect to self-determination of the person implies the necessity of 
prior consent of the subject when preparing a database on general population level. This is 
not a case when databases are created from persons under investigation for committing a 
crime, who are compulsory subjected for obtaining samples for DNA analysis. Legal 
regulations approve the duty of the police and its authorization in collecting samples for 
personal or criminalistics identification, analyzing, keeping and eliminating collected 
personal information when criminal prosecution is concerned. In these cases consent form 
from the subject is not necessary. However, we should be aware that the process of taking 
and collecting of personal information by the national institutions can have direct impact of 
privacy of the subject, no matter if this information is going to be used or not. In purpose of 
fair balance between public and private interest, consent form can be redefined and the 
person from whom the biological material is provided will be unequivocally made aware of 
the purposes for which his genetic data will be used, how long his DNA will undergo further 
automated processing, and about the procedure and under what conditions his DNA profile 
can be removed from the national DNA databases. 
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P204 How to regulate forensic genetic genealogy in Hungary? 
 Mónika Nogel*, Mónika Nogel 
 *Széchenyi István University, Hungary 
  
 Forensic DNA analysis has the potential to provide useful information for the criminal 

justice even in cases where there is no match neither between the DNA profile generated 
from the crime scene and the existing DNA profiles in criminal databases nor between the 
DNA collected at a crime scene and potential suspects. In contrast to traditional forensic 
genetic testing, forensic phenotyping and forensic genetic genealogy are not providing 
evidence, they help to generate investigative leads and narrow down the range of potential 
offenders.  
 
The aim of this study is to review the existing literature and regulation on forensic 
genealogy in Europe, and to examine, whether there is a need for legislative activity in this 
field in Hungary. The study has found that most European countries lack a specific 
regulatory landscape for forensic DNA familial searching. In those states where special 
regulation exists (e.g., UK, Germany, the Netherlands), guidelines are typically restrictive 
and only allow its use in criminal cases considered serious and only in exceptional 
situations. Indeed, forensic genetic genealogy may be associated with violation of values 
such as personal autonomy and genetic privacy, and it can lead to discrimination. Using 
sensitive genetic information in investigation poses many risks: data related to confidential 
adoption can be disclosed, data suggestive of unknown blood relatedness may be uncovered, 
paternity may be questioned unintentionally, and unwanted data on diseases may be 
revealed, as well. These risk factors suggest that specific regulation is necessary.  
Literature and accessible judgments support the hypothesis that forensic DNA familial 
searching is routinely used in Hungary. However, any kind of special legislation does not 
exist on the topic. It is my firm belief that the situation is ripe for change. The study 
establishes a fundamental theoretical approach for creating new regulations, it sets its 
regulatory principles and main elements. 
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P206 A roadmap towards a standardized workflow for microbiome-based body fluid 
identification 

 Meghna Swayambhu*, João F. Matias Rodrigues, Rolf Kümmerli, Natasha Arora 
 *Department of Forensic Genetics,  Zürich Institute of Forensic Medicine 
  
 Microbiome-based analyses are a promising tool for forensic purposes. Particularly, the 

body-site specificity of bacterial communities inhabiting the human body is being exploited 
in various studies investigating forensic body-fluid identification. Typically, these studies 
focus on sequencing the variable regions of the 16S rRNA gene present across all bacteria. 
However, there is a lack of consensus on the optimal laboratory and bioinformatic methods. 
Here, we examine key decisions necessary to establish a standardized workflow for 
amplicon-based analyses of forensically relevant body fluids/tissues. We investigate the 
selection of an extraction protocol suitable for human and bacterial DNA from a single swab 
to streamline subsequent routine forensic analyses.  We additionally address the potential 
biases introduced through the choice of 16S rRNA gene target regions such as the V1-V3, 
V4-V5 and V4 alone.  Further, we propose an optimal bioinformatics pipeline and 
investigate a critical consideration related to the usage of the conventional reference-based 
clustering approach with operational taxonomic units (OTUs) versus the trending approach 
utilizing amplicon sequence variants (ASVs). Importantly, we explore the exciting 
possibility of combining sequence data from different regions of the 16S rRNA gene using 
novel bioinformatic tools which would facilitate data sharing across laboratories. Our results 
provide recommendations as well as a roadmap towards enabling the establishment of a 
standard operating procedure that will enable the integration of microbiome-based analyses 
in forensics. 
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P207 Weight of evidence from mRNA data: implementation of an LR-system for forensic 
body fluid identification in casework 

 Margreet van den Berge*, P.A. Maaskant-van Wijk, T. Sijen, S. van Soest, R.J.F. Ypma 
 *Division of Biological Traces, Netherlands Forensic Institute, The Hague, The Netherlands 
  
 In forensic science, body fluid identification through messenger RNA (mRNA) profiling is 

an important technique to infer the cellular origin of a stain. The incorporation of markers 
for vaginal and menstrual secretion result in a predominant use in sexual assault cases. 
Previously, at our institute, mRNA results were reported by reporting officers using a 
scoring system tallying specific markers to make a categorical statement on the presence of 
body fluids. This “fall-off-the-cliff” procedure has the drawback that one more marker 
detected may completely change the results. Several LR systems have been proposed in the 
literature [1-3] to improve reporting practice. Here, we present the process we followed to 
apply one of these LR systems [1] to forensic casework. We performed additional analyses 
to study the reproducibility, robustness, and added value of the system relative to current 
practice. Furthermore, guidelines were constructed for using this LR system in casework 
practice, working together with statisticians, researchers and reporting officers. These entail 
guidance on selecting the relevant hypotheses and background population and on 
interpreting the output of the model to paraphrase to a verbal LR in the forensic report 
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P208 Development and validation of molecular methodologies for identification of biological 
traces from crime scenes 

 Alessandra Stefania Dias*, Anna Beatriz Rodrigues Gonçalves, Tatiana Lúcia Santos 
Nogueira, Ludmila Alem, Dayse Aparecida da Silva 

 *University of State Of Rio de Janeiro 
  
 Recent studies have proposed tissue-specific mRNA to determine the type of biological fluid 

present at crime scenes as a sensitive and specific alternative. This study aimed to develop a 
methodology using mRNA markers to identify relevant fluids in the context of sexual 
assault. Samples such as blood, saliva and semen, were provided by fifteen volunteers, and 
RNA was extracted by Trizol® (Thermo Fisher), followed by quantification of total RNA 
using Qubit® (Thermo Fisher). The samples were submitted to RT-qPCR reactions, with 
specific primers for histatin 3 (HTN3) for saliva, 5'-Aminolevulinate Synthase 2 (ALAS2) 
for blood and transglutaminase 4 (TGM4) for  semen biomarkers, using the SOLIScript® 1-
step SolisGreen kit (SolisBiodyne) for amplification. The melting curves for each fluid 
presented different profiles: HTN3 (saliva), ALAS (blood) and TGM4 (semen) genes 
showed high specificity for detection based on the dissociation curve with 90% confidence, 
with quantification by cycling threshold (Ct) analysis between 14 and 32 cycles and 
presenting melting temperature (Tm) of 81°C, 85°C and 91°C respectively. Sensibility tests 
were performed using a quantification range of total RNA between 0.007 to 10 ng. As a 
result, we observed amplification of the molecular targets even with low RNA traces in the 
samples. Aiming to identify different biological fluids in a single reaction, we tested 
standardizations with multiple probes, and the result shows that the developed system can 
accomplish that. With a robust system and a sensitivity capable of detecting tiny traces of 
RNA (0.007ng/mL), the present work contemplates optimizations for trace analysis at crime 
scenes, enabling the maximization use of these results, especially in the context of sexual 
assault. 
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P209 Towards localizing head shots – Forensic sub-differentiation of anatomical brain 
regions by differential RNA expression 

 Cornelius Courts*, Jan Euteneuer, Lucas Moitinho-Silva 
 *Institute of Legal Medicine, University Hospital of Koeln, Koeln, Germany 
  
 The detection of organ tissues, including brain, in even challenged forensic sample material 

by forensic RNA analysis has become a valid and routinely used method of trace 
contextualization. However, in cases of severe head traumas dealt by blunt impacts or 
firearm projectiles, for example in situations when multiple offenders handled different 
weapons, it can be beneficial for criminal investigations to determine by analysis of traces of 
biological material which area of the head had been hit (and by whom) by proxy of detecting 
which part of the brain had been injured. A whole transcriptome analysis employing massive 
parallel RNA Sequencing of four different anatomical areas of the cerebral cortex (frontal, 
temporal, parietal, occipital) was performed on a training set of autopsy samples from brain 
tissue. Applying different bioinformatic classification algorithms brain area specific mRNA 
candidates are being selected – this being work in progress. Suitable markers will then be 
validated on an independent test set of autopsy brain samples with the aim to set up a marker 
panel and to create a routine useable multiplex-RT-PCR assay for RNA based forensic brain 
area sub-differentiation. Results will be reported here. 

 
  



219 
 

P210 A method of identifying the semen contributor through detecting coding region SNPs 
from semen-specific mRNA biomarkers 

 Jinding Liu*, Wenyan Li, Xiuying Zhang, Jiangwei Yan, Gengqian Zhang 
 *Shanxi Medical University 
  
 Semen is one of the most common body fluids found at crime scenes. Many semen-specific 

mRNA markers have been reported to be used for body fluids identification. However, the 
polymorphism of mRNA has not been applied to identify individuals in mixtures composed 
of semen. In this study, 8 semen-specific mRNA biomarkers (KLK3, NKX3-1, CKB, 
KLK2, PRAC1, SEMG1, TGM4, and SORD) that encompass 12 coding SNPs (cSNPs) 
were selected to identify the semen contributor in the mixture using reverse transcription 
polymerase chain reaction (RT-PCR), multiplex PCR and SNaPshot assay. 100 semen 
samples were obtained from healthy, non-vasectomized volunteers in Shanxi province in 
China. A total of 33 phenotypes were observed in our population. The phenotype 
frequencies for genes were ranged from 0.01 to 0.89. The power of discrimination (PD) 
values were from 0.201 to 0.650, the combined discrimination power (CPD) was 
0.995193298. For the cSNPs, all 12 cSNPs are polymorphic with the allele frequencies 
ranged from 0.0567 (rs1042079T) to 0.9433 (rs1042079A). The CDP of the 12 cSNPs was 
0.998918196. In the future, more polymorphic semen-specific mRNA markers would be 
exploited to improve the discrimination power for semen contributor identification. 
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P211 Best of both: an mRNA and miRNA multiplex assay for body fluid identification 
 Malte Bamberg*, Maria Bruder, Lisa Dierig, Max Schwender, Prof. Sebastian N. Kunz, 

Prof. Peter Wiegand 
 *Institute of Legal Medicine, University Ulm, Albert-Einstein-Allee 23, 89081 Ulm, 

Germany 
  
 The body fluid identification of traces found at crime scenes is crucial in relation of the 

circumstance of crime. For this reason, the body fluid identification (BFI) by molecular 
biological methods has been increasingly investigated in recent decades. Especially the use 
of messenger RNA (mRNA) has been established and validated by various studies. mRNAs 
can resist degradation for several decades under dry and dark environmental conditions, but 
degradation increases greatly e.g., in humid environments and UV radiation. In contrast, the 
shorter and protein-protected micro RNAs (miRNAs) are less susceptible to degradation, but 
not all potential markers are tissue-specific. 
 
In this study, we developed a simultaneous mRNA/miRNA multiplex assay for capillary 
electrophoresis (CE) to take advantage of both types of RNA. Markers for the forensically 
relevant body fluids blood, semen/seminal fluid, saliva, vaginal secretion, and menstrual 
blood were integrated. The final assay was tested for various body fluids, dilutions, 
mixtures, and casework samples. To demonstrate the advantage of a combined 
mRNA/miRNA assay, older mostly degraded samples were examined and compared to an 
established mRNA assay. The results show the advantage of the new mRNA/miRNA assay 
compared to established mRNA assays for older and degraded samples. Initial results show 
that tissue-specific miRNAs expected could be detected for 93% of the degraded samples 
compared to mRNA markers with 25% of the mRNA assay. Furthermore, this assay was 
applied for Massive Parallel Sequencing (MPS). The result is a novel mRNA/miRNA 
multiplex assay on CE and MPS. 
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P212 A high resolution cDNA panel for the combined detection of six body fluids/tissues and 
116 coding SNPs for forensic casework using massively parallel sequencing (MPS) 

 Maximilian Neis*, Olivia Käsgen, Jaqueline Tschoche, Theresa Groß, Harald Schneider, 
Cornelius Courts, Peter M. Schneider 

 *Institute of Legal Medicine, Faculty of Medicine, University of Cologne, Cologne, 
Germany 

  
 Forensic DNA typing using short tandem repeat (STR) markers allows the unambiguous 

identification of contributors to mixed biological traces. Using DNA/mRNA co-extraction, 
the same forensic trace can be analyzed regarding the DNA profile and body fluid/cell type 
composition. An association of DNA profiles with body fluid components based on peak 
heights or copy numbers is not possible due to variable gene expression levels in different 
cell types. 
 
We have established a combined cDNA panel designed for the massively parallel 
sequencing (MPS) platform Ion Torrent S5 (Thermo Fisher Scientific) comprising 132 
cDNA markers for the cell types typical for the six tissues: blood, menstrual secretion, 
vaginal mucosa, saliva, semen, and skin. Within these cDNA markers, 126 coding SNPs 
(cSNPs) with a minor allele frequency of >0.1 have been selected and converted into a MPS 
panel. 97.7% of the amplicons are <110bp, with three amplicons having sizes up to 124bp. 
Using control samples, the performance of all markers has been verified using conventional 
Sanger sequencing. This resulted in the removal of 9 markers due to lack of amplification or 
cross reactivity, whereas 116 cSNPs remained in the final panel. For the MPS-based 
validation, we have collected more than 480 body fluid and cell type samples from volunteer 
donors after obtaining informed consent. These samples are currently used individually, or 
by combining them into artificial mixtures to test the combined performance of cDNA and 
cSNP detection, and the final results will be presented. Our new panel will be a major step 
forward to arrive from sub-source level (based on DNA profile attribution to a suspect) at 
source level (based on cSNP attribution of a body fluid component to a suspect or victim), 
and in a suitable criminal case scenario, even to develop activity level propositions.  
 
The project „MixSeq&Match“ was funded by the EU Internal Security Fund (IZ25-5793-
2019-36). 
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P213 Towards an automated rotationally-driven microfluidic system for sample-to-answer 
mRNA body fluid profiling 

 Renna Nouwairi*, Larissa Cunha, Tiffany Layne, Rachel Fleming, James P. Landers 
 *Department of Chemistry, University of Virginia 
  
 Body fluid identification (BFID) is critical in guiding forensic investigations by 

contextualizing crime scenes and informing subsequent DNA (and other) analyses. 
However, BFID is often onerous as fluids of interest are frequently present in small 
quantities or in mixtures. Current colorimetric/enzymatic presumptive assays used to 
identify potentially probative evidence are rapid and simple, but exhibit poor sensitivity 
and/or specificity and are largely destructive.  Transcriptomics, or RNA analysis, offers an 
appealing alternative for BFID due to increased accuracy and amenability to integration into 
the traditional forensic workflow without compromising compatibility with downstream 
DNA analysis. Unfortunately, existing methods are time-consuming and tethered to 
centralized laboratories due to reliance on costly, benchtop instrumentation and labor-
intensive workflows by highly trained analysts. To circumvent these shortcomings, we 
describe significant progress towards an automated, portable microfluidic system specific 
for in situ BFID operated by nontechnical personnel. Co-extraction of both DNA and RNA 
permits recovery of the DNA fraction for traditional genetic analysis prior to on-board 
multiplexed reverse transcription polymerase chain reaction (RT-PCR) amplification of 
fluid-specific messenger RNA (mRNA) targets with subsequent electrophoretic detection. 
The enclosed, fully-integrated, sample-to-answer platform described offers decreased 
reagent/sample consumption, reduced manual intervention, minimized contamination risk, 
and truncated analytical intervals relative to traditional methods. We demonstrate successful 
differentiation of mixed composition samples using a previously validated panel of body 
fluid targets, including venous blood, menstrual blood, vaginal fluid, semen, and saliva. 
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P214 Human semen stain analysis in casework sample by HRM-qPCR 
 Tatiana Lúcia Santos Nogueira*, Ludmila Alem, Olívia Cristina Lima dos Santos, Anna 

Beatriz Rodrigues Gonçalves, Alessandra Stefânia Dias, Dayse Aparecida da Silva 
 *Brazilian Army Institute of Biology 
  
 Determining the biological origin of body fluid evidence from crime scenes is extremely 

important for criminal investigation, especially in sexual assault cases. In Brazil, sexual 
crimes still present low-resolution rates, where approximately 8% of cases are judged. The 
determination of the presence of semen in samples from crime scenes as a test prior to DNA 
analysis is a mandatory requirement in forensic analysis and can help to better understand 
the dynamics of the event. This abstract aims to present the methodological strategy used in 
a criminal case of a home invasion where a t-shirt containing visible stains similar to human 
semen was found at the site. Fabric cutouts were removed from the t-shirt and subsequently 
analyzed by immunochromatographic test to detect PSA (Advagen Biotech) and presented  
negative results. Then, we performed sperm cell analysis by optical microscopy by 
Christmas Tree staining method, which also showed a negative result. We then processed 
the fabric sample for genetic analysis after two-years-storage, where we performed DNA 
isolation with the QIAamp DNA Investigator (Qiagen) kit on the QIAcube (Qiagen) 
platform. We performed Real-time PCR using the SOLIScript 1-step SolisGreen 
(SolisBiodyne) kit, with specific primers to the TGM4 (Transglutaminase 4) gene, in the 
Rotor Gene Q-5Plex HRM equipment (Qiagen), in which the body fluid in question 
presented a melt dissociation curve compatible with human semen, at a temperature of 
90.2ºC and CT of 20.95. After the HRM-qPCR assay we also analyzed the a-STR and Y-
STR markers. All the results were useful for the criminal process, which led to the 
identification of the author of the crime. The analysis of mRNA transcripts in forensic case 
samples may represent a viable and more sensitive technical alternative, including for old 
ones, when conventional presumptive tests are not satisfactory for confirming the presence 
of semen in cases of investigation of sexual offenses. 
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P215 Investigating the identification of menstrual blood using DNA methylation based 
markers 

 Nicole Fernandez-Tejero*, Mirna Ghemrawi, Valeria Castaneda, Lia Vaquero, Bruce R. 
McCord 

 *Florida International University 
  
 In forensic casework, DNA is extracted from biological exhibits and compared to databases. 

Yet, in cases where an offender has regular access to a victim, a DNA profile may not be 
probative unless the source of the biological stain is known. One of the most common found 
body fluid on a crime scene is blood. Thus, the correct differentiation between peripheral 
blood and menstrual blood could provide insight of the type of scenario that happened. For 
instance, a caregiver may claim that DNA found on the bed resulted from menstruation. 
However, if this DNA originates from peripheral blood cells, a crime may have occurred. 
Body fluid analysis thus can be critical in prosecuting violent crimes such as rape or child 
abuse. 
 
The forensic community is developing more advanced techniques, such as epigenetic 
methylation assays, to distinguish body fluids: blood, saliva, semen, and vaginal epithelia. 
Markers for menstrual blood, are challenging due to heterogeneity: blood, endometrial lining 
tissue, vaginal and cervical secretions may all be present. Thus, primers were designed for 
methylation markers within the SLC26A10 and MDFI genes. In this study we have 
examined swabs from a set of female volunteers to track changes in DNA methylation 
across the menstrual cycle. Menstrual blood was collected on cotton swabs daily, DNA was 
extracted, bisulfite converted, amplified, and pyrosequenced. Longitudinal tests were 
performed to investigate ability of epigenetic methylation to detect menstrual blood. 
Markers on the SLC26A10 showed significant methylation percent differences compared to 
peripheral blood whereas markers on MDFI showed hypermethylation mainly on days 2-3, 
suggesting a greater presence of endometrial lining tissue. Our results demonstrate 
variations in methylation levels which are consistent with time-based variation in shed cells 
and further demonstrate the applicability of multiple epigenetic loci in the detection of 
menstrual blood. 
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P216 Optimization, validation and implementation of qBiCo: a novel tool to assess the 
performance of bisulfite conversion in forensic epigenetics 

 Faidra Karkala*, Floor Claessens, Bram van Wersch, Athina Vidaki 
 *Erasmus MC, University Medical Center Rotterdam, Department of Genetic Identification, 

Rotterdam, the Netherlands 
  
 Forensic DNA methylation profiling offers great promises in various applications like body 

fluid identification, age prediction, lifestyle inference and identical twin differentiation. So 
far, various targeted epigenetic techniques have been employed, most of which are based on 
bisulfite conversion. During this chemical process, non-methylated cytosines are converted 
into uracils, while methylated cytosines remain intact. Despite the promise of this approach, 
it is known to cause DNA fragmentation and loss affecting standardization, while 
incomplete conversion may also result in potential misinterpretation of the outcome(s). To 
offer the community with a solution, we recently developed qBiCo - a novel, patent-pending 
quality-control (QC) method to address the quantity/quality of bisulfite-converted DNA. 
qBiCo is a 5-plex, TaqMan probe-based, quantitative (q)PCR assay, that amplifies single- 
and multi-copy fragments of converted and non-converted nature. Therefore, it estimates a 
sample’s converted DNA concentration, conversion efficiency, fragmentation levels and 
potential PCR inhibition. The method has already been optimized and fully validated in our 
laboratory (TRL-4), showcasing that qBiCo is reliable, robust and sensitive down to 
picogram level. Aiming to scale-up and move towards implementation, we successfully 
transferred and validated it in six different qPCR platforms from BioRad, Qiagen and 
ThermoFisher Scientific. Simultaneously, we evaluated the performance of several 
commercial, broadly used, bisulfite conversion kits using different input DNA amounts, 
demonstrating large variability in their performance. Next, together with 20 laboratories we 
are testing qBiCo at the end-user environment (TRL-5). Overall, we offer forensic 
researchers a QC tool to standardize the popular DNA conversion process, in order to 
prevent inconsistent data and false outcomes regardless of the downstream experimental 
analysis or forensic application. 
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P217 Evaluation and comparison of novel bisulfite-free conversion methods to allow for 
sensitive DNA methylation detection in forensics 

 Roy B. Simons*, Marta M. Kukk, Faidra Karkala, Hieab H.H. Adams, Manfred Kayser, 
Athina Vidaki 

 *Erasmus MC, University Medical Center Rotterdam, Department of Genetic Identification, 
Rotterdam, the Netherlands 

  
 Bisulfite conversion (BC) has been the gold standard in DNA methylation profiling for 

decades. During this chemical process, non-methylated cytosines are converted into uracils, 
while methylated cytosines remain intact. Despite its popularity, BC has major drawbacks 
when analyzing forensic traces, like the required large DNA input, caused DNA 
fragmentation and loss and subsequent difficulties in multiplex capability due to the reduced 
sequence complexity. In this study, to offer with a more suitable, sensitive and robust 
alternative, we evaluated new DNA conversion methods and compared them with a broadly 
used commercial BC kit. More specifically, we evaluated the only commercially available 
enzymatic conversion kit (EC) and a recently published Tet-assisted pyridine borane 
conversion method (TC). While EC follows the same conversion principle as BC with two 
enzymatic steps, TC combines an enzymatic and a chemical step to convert methylated 
instead of unmethylated cytosines into thymines. First, we implemented and standardized all 
3 DNA conversion methods to allow for comparison. Second, to assess the performance of 
BC and EC we applied a qPCR tool (qBiCo) recently developed by our group, whereas for 
TC we developed and validated a novel one (qTAP). Both QC tools provide the same 
quantity and quality indexes; however, qTAP targets a spike-in DNA fragment while qBiCo 
targets the converted DNA itself. Next, using the same set of human whole blood samples, 
we performed a developmental validation for each conversion approach, including 
repeatability, reproducibility, sensitivity and linearity testing. Our findings indicate that each 
DNA conversion method has different strengths and weaknesses in terms of converted DNA 
recovery, conversion efficiency and fragmentation. Overall, our study provides the first-of-
its-kind independent benchmarking of these novel DNA conversion methods, towards our 
efforts to replace bisulfite conversion in future forensic epigenetic assays. 
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P218 Organ and tissue identification using tissue-specific DNA methylation markers 
 Bo Min Kim*, Sang Eon Park, Moon-Young Kim, Soong Deok Lee, Hwan Young Lee 
 *Seoul National University College of Medicine, Department of Forensic Medicine, Seoul, 

Republic of Korea 
  
 Tissue-specific differentially methylated regions (tDMRs) have been identified and have 

been widely used as the target markers in body fluid identification of forensic evidence 
samples as well as in the tissue source identification of cell-free DNA. At a crime scene, 
identifying the organ and tissue sources of evidence can help address issues related to 
activities that may have caused serious injury to victims. In addition, where there is no 
information on the victim’s identity, prior tissue identification can help the investigator 
determine appropriate models to predict age and lifestyle using DNA methylation profile. 
We therefore aimed to identify highly specific methylation markers for nine tissues (blood, 
brain, dermis, epidermis, heart, kidney, lung, liver, and muscle) and construct a multiplex 
assay to differentiate these tissues. For that purpose, 180 tissue samples obtained from 
autopsy were subjected to the Infinium Methylation EPIC array analysis, from which 18 
tissue-specific markers were selected. Then, these selected markers were further validated in 
4-5 samples per tissue using targeted bisulfite sequencing. To design multiplex assays, 
targeted bisulfite sequencing based on single-base extension and target enrichment MPS 
using capture method were used. Developed multiplex assay including two hypo-
methylation markers for each tissue could successfully differentiate blood, brain, dermis, 
epidermis, heart, kidney, lung, liver, and muscle tissues. 
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P219 The amount of bisulfite-converted DNA for reliable age prediction 
 Sae Rom Hong*, Kyoung-Jin Shin 
 *Department of Forensic Medicine, Yonsei University College of Medicine, Seoul, Korea 
  
 Recent studies concerning age prediction based on DNA methylation (DNAm) become 

elaborate and rigorous to improve the stability and reliability of prediction results, for 
further usage as investigation leads. In forensics, the PCR amplification of chemically 
converted or enzymatic deaminated DNA is a prerequisite to most of all existing DNAm 
analysis platforms and age prediction models based on those results. The age-correlated, 
continuous trait of DNAm underlies substantial numbers of DNA molecules participating in 
PCR, since the DNAm status of a locus on one strand only can present 0 (unmethylated) or 1 
(methylated). Therefore, the amount of DNA that takes part in the PCR step strongly 
influences the detected DNAm values. However, previous studies only considered the 
amount of genomic DNA, not modified DNA. In this study, we quantified the bisulfite-
converted EpiTect PCR Control DNA and 20 human blood DNA samples using the BisQuE, 
which is a quantitative real-time PCR system to measure the amount, conversion efficiency, 
and degradation level of bisulfite-converted DNA (BS-DNA). To find the differences in 
DNAm levels according to the amount of BS-DNA for PCR, 10 ng and 1 ng of reference 
BS-DNA samples (mixed to give 0%, 5%, 10%, 25%, 50%, 75%, 90%, 95%, and 100% 
methylated status) and the blood-derived BS-DNA samples (10 ng, 2 ng, 1 ng, 500 pg, and 
250 pg) were exploited for target amplicon-based massively parallel sequencing (MPS). 
This MPS panel consists of nine age-associated markers on the ELOVL2, FHL2, KLF14, 
MIR29B2CHG, TRIM59, EDARADD, ASPA, NHLRC1, and PDE4C genes. We obtained 
the DNAm data through the BSBolt and R, and statistical analyses for determining the 
differences of the DNAm were performed using R and EXCEL. These results can provide 
the range of reliable DNA amount for each marker when predicting age, and would offer the 
error range of the detected DNAm value when grappling with a low amount of DNA. 
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P221 The evolution of protein mass spectrometry for forensic serology: A decade of 
advancement 

 Kevin M. Legg*, Catherine O. Brown, Christian G. Westring, Heather E. McKiernan, 
Phillip B. Danielson 

 *The Center for Forensic Science Research & Education (CFSRE) 
  
 Genetic testing chemistries have rapidly improved since their initial application to forensic 

casework in the 1980’s. Although foundational techniques for serological screening continue 
to be used in forensic workflows, improvements in sensitivity and specificity have not kept 
pace with those of genetic analyses. Protein mass spectrometry (MS) is a next generation 
technology to address the long-standing limitations of current serological methods. This 
presentation will provide an overview the advances that have been made to develop and 
validate robust, sensitive, and reliable methods for fluid identification by protein MS. This 
will begin with an explanation of the R&D pipeline from discovery and verification of high 
specificity protein biomarkers to the development of a multiplexed six-fluid prototype assay 
for the identification of blood, vaginal/menstrual fluid, semen, urine, and saliva. These 
initial developmental applications have culminated in the deployment of a mass 
spectrometry-based serological assay with an automation-friendly level of throughput that is 
suitable for routine casework use. This assay uses the Agilent AssayMAP Bravo automation 
platform for sample preparation and an Agilent 6495 QQQ mass spectrometer coupled to a 
UHPLC for sample analysis. The assay has been validated in accordance with the Scientific 
Working Group for Forensic Toxicology guidelines and the FBI’s Quality Assurance 
Standards to demonstrate reliability and to establish performance limits. Evaluations of the 
assay with casework-type samples have shown that the sensitivity of the method greatly 
exceeds that of traditional serological assays while being fully compatible with downstream 
genetic testing. Additional studies which targeted the potential impact of extraneous 
substances commonly encountered in sexual assault-type evidence (e.g., lubricants and 
spermicides) have provided additional insight on how to maximize the successful detection 
of body fluids in forensic casework. 
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P222 Differentiation of vaginal cells from epidermal cells using morphological and 
autofluorescence properties; implications for sexual assault casework involving digital 
penetration 

 M. Katherine Philpott*, Sarah Ingram, Arianna DeCorte, Taylor Moldenhauer, Sonja 
Stadler, Cory Steinberg, Jonathan Millman, Christopher J. Ehrhardt 

 *Virginia Commonwealth University 
  
 Realizing the full probative potential of mixed biological samples derived from sexual 

assault evidence is an ongoing challenge for DNA caseworking laboratories, particularly for 
samples that do not involve semen. The goal of this study was to develop a new probative 
signature system for one such sample type involving mixtures of epidermal cells and vaginal 
cells, as may be observed in hand swabbings subsequent to digital penetration. Signatures 
were based on morphological and autofluorescence properties of individual cells collected 
through Imaging Flow Cytometry (IFC). Comparisons of reference cell populations from 
vaginal tissue and epidermal cells showed strong multivariate differences across >150 
cellular measurement variables with particularly large discrepancies in brightfield contrast 
values and autofluorescence intensity between 525nm and 600nm. These differences were 
used to build a predictive framework for classifying unknown cell populations as originating 
from vaginal or epidermal tissue. As part of the workflow, posterior probabilities for tissue 
group classification were calculated for individual cells. We tested this approach on cells 
from reference tissue as well as mock casework samples involving digital penetration. 
Results showed that samples representing mixtures of vaginal cells and palmar epidermal 
cells showed markedly higher posterior probabilities for vaginal tissue (>0.90) compared to 
cell populations collected from palmar surfaces without prior contact with vaginal tissue. 
Digital penetration cell populations could also be easily resolved from saliva cell 
populations based on autofluorescence profiles and resulting posterior probability values 
that fell short of the threshold set for vaginal tissue, potentially indicating that this could be 
probative for a variety of sample mixtures and depositional events in forensic casework. 
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P223 Characterization of the vaginal fluid proteome by mass spectrometry 
 Cecilia Rich*, Daisy Segura, Christian G. Westring, Kevin Legg 
 *Purdue University Northwest, Center for Crime, Forensics, and Security Analysis; College 

of Engineering and Sciences, Hammond-Indiana, United States of America 
  
 While DNA profiling makes it possible to individualize biological stains, the accurate 

characterization of the biological material present can provide critical information to 
laboratory analysts seeking to prioritize samples for subsequent microscopic and DNA 
analyses. Currently, the technologies used for the serological analysis of seminal fluid and 
saliva (critical fluids for screening sexual assault evidence) are primarily based on antibody- 
and enzyme activity-based assays. Contrary to the marketing claims made by some 
commercial providers, the identification of seminal fluid and saliva by these methods is 
based on a presumptive indication of the presence of a body fluid. Positive results with non-
target body fluids, false positives with non-biological materials and antibody cross-reactivity 
with non-human sources have been well documented in the forensic literature. Therefore, it 
is recognized that there is clear value in developing alternative approaches that are both 
sensitive and accurate for the identification of human biological stains. To date, a 
proteomics-based analysis of human body fluid proteomes has identified multiple protein 
biomarkers for six forensically relevant body fluids – including seminal fluid and saliva. The 
specificity of each biomarker, the reliability with which it can be detected, and the degree of 
inter-individual variability in expression, has already been demonstrated across a large 
sample population of human subjects. These biomarkers have been incorporated into a 
targeted mass spectrometry assay for the identification of human seminal fluid and saliva.  
The design for the research is to run body fluid samples through Thermo Fusion Lumos. The 
system has the ability to detect more proteins in contrast to older systems practiced prior to 
2010. The new model may offer enhanced sensitivity; therefore, the detection for protein 
biomarkers can be advanced. Using the case study of Legg (2015) to compare match 
statistics vs. previous data. The samples include the following: 3 vaginal swabs from unique 
donors, 3 semen samples from unique donors, and 4 authentic post-coital samples 
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P224 Rapid on-site screening of male and saliva-containing body fluids using Loop-mediated 
Isothermal Amplification (LAMP) 

 Jiwoo Choi*, Hokwon Choi, Kyunghyeon Kwak, Yebin Kim, Eunbyeol Kim, Si-Keun Lim 
 *Department of Forensic Sciences, Sungkyunkwan University, Suwon, Republic of Korea 
  
 Rapid and accurate selection of valid evidence is important in the investigation process at a 

crime scene. It is almost impossible to find the bloodstains of a male criminal at a crime 
scene where most bloodstains originate from the female victim(s). In addition, 
discrimination of expiratory bloodstains which contains saliva from impact spatter is very 
important for bloodstain pattern analysis and crime scene reconstruction. Loop-mediated 
isothermal amplification (LAMP) was developed as an on-site molecular diagnostics 
technique recently which can amplify under constant temperature. Three pairs of primers, 
F3/B3, FIP/BIP, LF/LB, were designed by Primer Explorer Ver. 4, and the product was 
detected by visual indicator or fluorescence such as SYBR green. In this study, LAMP 
detected the SRY gene from Y chromosome as a male-specific marker, and methionine 
aminopeptidase gene for S.salivarius, the oral specific bacteria. Optimization of LAMP 
amplification conditions was carried out at various temperatures and times, 61-67℃ for 10-
60minutes. As a result, LAMP amplified only saliva and male-derived samples in about 
15min using fluorescence detection and within 30min using colorimetric detection at 65℃. 
The LOD was 100pg of male DNA and 100fg of S.salivarius DNA. For further study, 
multiplex and a direct method without DNA extraction step will be carried out and applied 
subsequently to the screening kit selecting valid evidence in the field. 
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P225 Evaluating the sensitivity of presumptive and confirmatory tests for body fluids 
 Bushra Idris*, William Goodwin 
 *Ras Al Khaimah Police Forensic Laboratory 
  
 Most exhibits received in the forensic genetics laboratory of Ras Al Khaimah (United Arab 

Emirates) are swabs or clothing with stains suspected of being either blood, semen or saliva; 
swabs from touch DNA are also reasonably common.  Routine practice has been to use 
presumptive tests to characterise the materials before DNA extraction. 
 
In this study we evaluated the presumptive methods currently used for blood (Hemastix® 
and Kastle-Meyer), semen (Phosphatesmo KM) and saliva (Phadebas®) in comparison to 
the confirmatory tests OBTI Hexagon and RSID™ Blood, RSID™ Semen and RSID 
Saliva™.  Results from this study showed that presumptive tests were generally more 
sensitive in detecting body-fluids than confirmatory tests. The greater sensitivity of 
presumptive tests is largely due to the abundance of the target molecule/enzyme in the 
respective body-fluids, whereas confirmatory tests target more specific antibodies that are 
generally present in body-fluids at lower quantities.  The presumptive tests were at least 
two-fold more sensitive than the RSID™ Blood, Semen and Saliva confirmatory tests.  
However, the OBTI Hexagon test showed comparable sensitivity to Kastle-Meyer and 
Hemastix for the detection of blood; this test utilizes an anti-haemoglobin antibody, which 
allows the high level of sensitivity. 
 
DNA as extracted from different dilutions and quantified using real-time PCR with the 
Quantifiler Human kit.  The sensitivity of all presumptive and confirmatory kits was below 
the threshold for recovering sufficient DNA for STR analysis, therefore, with all methods 
positive presumptive/confirmatory test results could potentially be followed by negative 
DNA profiling. 
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P226 The killer outfit and timing: impact of the fabric and time in body fluid identification 
and DNA profiling 

 Sara C. Zapico*, Valerie Lascano, Tarik Sadik, Proggya Paromita, Jenely Amaya, Christian 
Stadler, Gabriela Roca 

 *New Jersey Institute of Technology, Department of Chemistry and Environmental Science, 
Newark, NJ; Smithsonian Institution, National Museum of Natural History, Washington, DC 

  
 The present work aimed to study the detection, through rapid immunochromatography tests, 

of saliva samples over time in three different types of fabrics, as well as, the possibility of 
DNA isolation and characterization from the sample tubes and the cassettes. Fifty 
microliters of saliva (three samples/time) were deposited in denim, cotton, and polyester. 
Saliva was identified by SERATEC AmylaseTest and the new Crime Scene version 
SALIVA CS, being able to detect it up to six months of deposition, although with different 
band intensities. Polyester showed stronger bands than cotton, probably due to its synthetic 
nature, and denim, as an inked fabric, showed less band intensities. Statistical analyses 
confirmed significant differences among fabrics, but not over time in the same type of 
fabric. Total DNA from the sample tubes was successfully recovered, in contrast, from the 
cassettes, only polyester retrieved amplifiable DNA. These findings indicated that it is 
possible to recover and identify saliva up to six months after deposition, also obtaining 
DNA. Future research will be able to expand these results, analyzing the stability of other 
body fluids, and the sensitivity of rapid immunochromatographic tests to detect them. 
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P228 The Microbiome Forensics Database for body fluid identification 
 Natasha Arora*, Meghna Swayambhu, Joao F. Matias Rodrigues, Pim Witlox 
 *Institute of Forensic Medicine, University of Zurich, Switzerland 
  
 Microbial communities in biological stains can provide valuable information to assist the 

forensic determination of bodily origin, estimation of time since deposition (TsD), and 
identification of stain donor(s). Particularly, microbiome-based research for body 
fluid/tissue identification (BFI) focusing on bacterial DNA sequences from the 16S rRNA 
gene has shown great potential and progress in recent years. These sequences are used to 
ascertain microbial community compositions, which are characteristic and thus predictive of 
the body site of origin. Promising predictive results have been obtained by training machine 
learning algorithms on bacterial abundance data from labelled reference samples. 
Importantly, larger heterogeneous reference datasets with samples from different 
laboratories have been shown to yield higher prediction accuracies than data from a single 
study. However, compiling such a training reference is a non-trivial issue requiring 
substantial efforts related to the selection, acquisition and pre-processing of the large 
number of publicly available datasets. Here we present a new online database which is, to 
our knowledge, the first one customized for forensic scientists investigating body 
fluids/tissues. Our database leverages data from the Short Read Archive (SRA) that have 
been downloaded and quality filtered by the Microbe Atlas project. Important features of our 
database include further filtering to remove ambiguously labelled samples, selection options 
custom tailored for forensic scientists to generate a reference dataset according to their 
needs, and options for downloading bacterial operational taxonomic unit (OTU) abundance 
tables. The website interface also contains guidelines to assist with laboratory and 
bioinformatics pipelines. In the future, the database will be expanded to include 
environmental samples as well as information on time of sampling, thus facilitating 
microbiome analyses of geo-location and TsD. 
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P229 Whole genome analysis of hydrolytic DNA damages to identify potential markers for 
estimating the time since deposition of biological traces 

 Kristina Schulze Johann*, Olivia Holländer, Nils Koppers, Heidi Pfeiffer, Marielle 
Vennemann 

 *Institute of Legal Medicine Münster 
  
 Determination of the age of a trace - that is, time since it’s deposition at a location that is 

later identified as a crime scene – may provide important investigative leads. It can also help 
distinguishing between biological traces that are relevant for the investigation from those 
which are not due to the time point of their deposition not matching the time point of the 
crime. 
 
During storage of biological material under environmental conditions, DNA degrades over 
time. One means of degradation is hydrolytic attack, leading to deamination, a-basic sites 
and finally, strand breaks. Deamination mainly affects Guanine, changing it to resemble 
Uracil, which during PCR will bind Thymine and thus, turns into Adenine in the amplified 
product. This might lead to an accumulation of G>A (and C>T) changes after PCR in 
samples with prolonged time since deposition. The aim of this study was to analyse whether 
quantitative analysis of such changes might serve as estimator for the time since deposition 
(TsD). Whole genome sequencing was performed to identify loci within the human genome 
suffering from hydrolytic G>A (and C>T) changes. Based on whole genome sequencing of 
aged samples, 128 loci were identified revealing sings of hydrolytic changes. These loci 
were resequenced in a targeted approach with 93 amplicons using an AmpliSeq DNA 
hotspot assay on a MiSeq instrument (Illumina) using 96 blood samples aged for up to 83 
days. Additionally, quantitative PCR assays were designed covering the five most promising 
loci to provide alternative solutions based on common equipment of operational forensic 
laboratories without the need for NGS technology. Data obtained will inform a prediction 
model for estimating time since deposition in traces of blood. We will discuss feasibility and 
reliability of this approach. 
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P231 TrACES of Time: Transcriptomic Analyses for the Contextualization of Evidential 
Stains  – towards estimating the time of deposition 

 Annica Gosch*, Archana Bhardwaj, Cornelius Courts 
 *Department of Forensic Genetics, Institute of Legal Medicine Cologne 
  
 In forensic casework, identifying the donor of a biological trace is oftentimes not sufficient 

to reconstruct the true course of events and additional knowledge regarding the context of 
trace deposition is required.  
 
The human transcriptome in biological material encodes a complex body of information 
including nature and condition of a biological fluid/tissue. Transcriptome-based analyses 
such as body fluid identification via the detection of cell-type specific mRNA markers have 
become highly relevant and more and more commonly used analysis methods in forensic 
laboratories all over the world. In parallel, different research groups aim at exploring the 
potential of analyzing the transcriptome to answer further questions of forensic relevance, 
such as the post-mortem-interval or the time since deposition of a biological stain. 
Here, we describe the first unbiased approach for the identification of suitable biomarkers 
indicating the time of day a blood stain was deposited. Whole-transcriptome sequencing was 
performed on n=80 blood samples drawn at different times of day and we present a 
bioinformatical/biostatistical analysis workflow, which was used to identify the most 
suitable mRNA markers and first results of their validation. 
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P233 Identification of individuals by RNA sequencing of low template samples 
 Jeppe Dyrberg Andersen*, Marie-Louise Kampmann, Claus Børsting 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 Allele drop-ins and allele drop-outs are relatively frequent in STR profiles amplified from 

low template samples because of stochastic variation. However, low template samples 
contain multiple copies of mtDNA and mRNA that may be used to identify either the 
mtDNA haplogroup or SNPs in the mRNAs. In this pilot study, we made dilutions of 
DNA/RNA co-extractions (1,000-12.5 pg gDNA) and shotgun sequenced RNA on a 
NovaSeq platform (Illumina). Whole blood samples from two individuals were sequenced in 
triplicate for each dilution. 
 
More than 450,000 variants were identified in the gnomAD 3.0 database in the 50 most 
expressed genes. Between 7,000 and 45,000 of these loci were covered with at least 70 reads 
in the various dilutions. A total of 171 SNPs with global minor allele frequencies >0.1 were 
identified in all dilutions with RNA input equivalent to 12.5pg gDNA. Of these, 60 were 
genotyped with the OMNI5.4 SNP-chip (Illumina) using DNA from the two individuals and 
54 SNP genotypes in 22 autosomal genes were confirmed. The mean match probability 
based on the most polymorphic SNP in the 22 genes was 5x10-8. Thus, shotgun RNA 
sequencing of low template samples may provide both human identification and tissue 
identification. 

 
  



239 
 

P234 Genetic Analysis Instrument Innovations Built into the SeqStudio Flex 
 Pranapda Katie Aumsuwan*, Steve Berosik, Patricia Chenge, Adam Sannicandro, Siva 

Samsani, John Bodeua, Carole Bornarth, David Rodriguez, Greg Foster, Erin Lagier, Scott 
Nelson, Stephanie Chee 

 *Thermo Fisher Scientific 
  
 The new SeqStudio ™ Flex Series Genetic Analyzer have improved the gold standard for 

Capillary Electrophoresis (CE) by providing innovative approaches to enhanced hand-free 
operation, flexibility, ease of use, data quality and connectivity.  This newly designed 8 or 
24 capillary system supports DNA sequencing and fragment sizing applications providing 
scientists with medium to high throughput technology for use in research validated 
environments. The steps from system set-up to base or size-called data have been simplified 
with hardware functionality and user-friendly software enhancements designed into this new 
CE system.   
 
We will discuss innovations related to ease of use including one button start-up, an on-board 
computer with touchscreen, intuitive software, easier to use capillary arrays and desktop and 
cloud-based plate manager software.  Innovations related to increased flexibility include 
continuous plate loading,  automated plate linking that be able to maintain traceability from 
sample to result when using barcoded plates, urgent sample reprioritization,  sequencing and 
fragment samples be run on the same plate, and multi-user support will also be discussed.  In 
addition, gold standard sequencing and fragment analysis data quality has been enhanced 
through innovative algorithms providing autospectral calibrations, and off-scale recovery of 
data for fragment analysis.  Innovative service and support functionality including remote 
troubleshooting with instrument system login capability, and on-board instrument help 
videos will also be included. Finally, we will touch upon new connectivity, which includes 
Thermo Fisher connect for remote monitoring, analysis, and data sharing as well as other 
functionality such as voice commands and Wi-Fi capability that they system will provide. 
The following summarizes highlights from the developmental validation performed to 
demonstrate the functionality of SeqStudio ™ Flex Series Genetic Analyzer. 
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P235 Transfer and persistence of DNA in an office space after a visit by an intruder 
 Mariya Goray*, Roland van Oorschot, Oliva Handt, Monique Zacher 
 *Flinders University 
  
 There is an increased need to improve knowledge and understanding of the transfer, 

persistence prevalence, and recovery of DNA (DNA-TPPR) and its associated variables. 
This is due to the heightened sensitivity of DNA typing techniques, paired with the 
extensive use of trace DNA in forensic settings, and the need to understand how and when 
trace DNA is transferred onto items and surfaces. Awareness of DNA-TPPR related to items 
and surfaces within different spaces and circumstances assists in targeting areas during 
sample collection at a crime scene, that are most probable to contain sufficient DNA of a 
temporary user for DNA profiling. 
 
This study focuses on DNA-TPPR in relation to office spaces, which have a primary user 
(owner), that will be temporarily occupied by another person (intruder) for a specific period 
of time, followed by the resumed use of the space by the owner. A primary aim of this study 
is to investigate to what extent DNA, left by a temporary occupant and after the resumed use 
of the office by the owner, is detectable in their relative amounts when duration of 
occupancy and history of contacts made with items and surfaces are known. 
 
Movements of the owners and intruders in the office spaces were video recorded to evaluate 
contacts made to target items and surfaces for sampling. Several items and surfaces (incl. 
desk, pen, computer, chair, door handles, light switch, phone) were sampled within a 
number of single-use office spaces. The information collected for each sample included: the 
relative amounts of DNA recovered, the quality of the profiles, and the mixture proportion 
of the known (owner/intruder) and unknown person(s) to the samples. The DNA-TPPR 
dynamics observed will be presented. 
 
The results of this study will aid in sample targeting strategies, DNA profile interpretation 
and contribute to the pool of data assisting in the formation of conditional probability tables 
used to inform Bayesian Networks to develop activity level assessments. 
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P236 Monitoring cell loss through repetitive deposition 
 Piyamas (Kanokwongnuwut) Petcharoen*, K. Paul Kirkbride, Adrian Linacre 
 *College of Science & Engineering, Flinders University, Adelaide, Australia 
  
 Touch DNA deposited on items can be visualised by using fluorescent nucleic acid staining 

dyes.  It might be expected that each time a person holds an item, then their cells are 
removed and fewer cells remain for subsequent contacts. Here we report on the use of 
Diamond dye (DD) to monitor cell loss during contact.  
 
A volunteer, who was determined as a heavy shedder by a reported method, was asked to 
deposit a print using both thumbs consecutively onto a clean glass slide. Thumbprints were 
collected in triplicate with each mark made for 15 sec with each of the subsequent 2 marks 
made directly after each other. The 3 consecutive depositions were repeated 30 times to 
create 90 tested thumbprints. The number of cells within each entire thumbprint was scored 
using a cell-counting program developed in-house. The number of cells deposited by the 
second and third depositions showed a decrease in the cell number of the first deposition by 
~35% and ~20%, respectively.  
 
The data obtained provide insight into how cells are deposited by touch and how many cells 
remain for subsequent contact events. Such information may account for cell deposition 
when performing actions (e.g. loading a firearm or repetitively opening & closing zip-lock 
bags). 
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P237 The impact of deposition area and time on Touch DNA collected from fabric 
 Salem K. Alketbi* 
 *University of Central Lancashire, Preston, UK 
  
 Touched items at crime scenes are frequently analysed to help link suspects to crimes, for 

example, Touch DNA is collected from victims’ clothes in cases such as sexual assault, 
homicide, theft etc. Tape lifting is the preferred collection method of choice for trace DNA 
from clothes, fabric items and porous surfaces such as paper, therefore this study 
investigated the impact of deposition area and time on Touch DNA collected from fabric 
using minitapes. The amount of Touch DNA collected from the fabric was significantly 
affected by deposition area (p < 0.05), time (p < 0.05) and the interaction between the 
deposition area and time (p < 0.05), with the quantity of DNA collected decreasing over 
time. Also, the buttocks area of the trouser compared to the chest area is more prone to 
friction from an activity like repeatedly sitting on different surfaces which reduces the 
amount of Touch DNA available. In conclusion, it is more effective to collect trace DNA 
from victim clothes as soon as possible after the crime is committed. 
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P238 The suitability a low-adhesive foil and microFLOQ swabs for DNA analysis of 
fingerprint traces 

 Tomasz Kupiec*, Andrzej Doniec, Grażyna Ba, Miłosz Januła, Magdalena Gil 
 *Institute of Forensic Research, Poland 
  
 Biological traces deposited on a non-absorbent medium are a common subject of 

dactyloscopic and genetic examinations. Inappropriate application of techniques for 
revealing and collecting fingerprint traces is a potential source of contamination with 
chemical substances that decrease the performance of genetic tests. The process of revealing 
dactyloscopic traces may also become a source of contamination - most often by genetic 
material from a different trace or crime scene of an incident, or from contaminated 
dactyloscopic powders, or on vectors such as brushes used for revealing fingerprint traces. 
An alternative to the classic approach of performing fingerprint examinations first is the 
implementation of the biological traces collection before the use of fingerprint revealing and 
visualisation methods. A solution may be the use of a low-adhesive tape or microFLOQ 
swabs, which will allow you to collect the top layer of the trace or  a small portion of the 
trace, including somatic cells, the fat-sweat mixture, or other biological structures that can 
be a carrier of DNA, while leaving the structure of the dactyloscopic trace intact. The aim of 
the study was to test the possibility of DNA sample collection and its analysis in the case of 
fingerprint evidence deposited on various surfaces prior to dactyloscopic examination.  
The results showed that the low-adhesive tapes and microFLOQ swabs are sufficiently 
effective for the purposes of collecting genetic traces before dactyloscopic ones, but their 
effectiveness depends on the surface the trace was deposited on. This effectiveness allowed 
for obtaining complete or almost complete STR profiles of probands. At the same time, the 
primary and secondary structures of dactyloscopic traces remained in a very good qualitative 
condition. In some cases, distortions/damage to the tertiary structure of the traces were 
observed, due to a slight disturbance of the structure of the edges of the lines or the pore 
mapping. 
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P239 Studying biological factors affecting DNA shedding propensity 
 Ines Cedillo-Cruz*, Genesis Echavarria, Nicholas D.K. Petraco, Mechthild Prinz 
 *John Jay College of Criminal Justice 
  
 Recovery of trace DNA is important in forensic casework because trace DNA is the main 

type of biological evidence in non-violent crimes and is becoming increasingly important in 
violent crimes as well. Researchers have found variation in how much DNA an individual 
leaves behind when they touch an object. A model for determining this shedding propensity 
would be beneficial for evidence interpretation if passive transfer scenarios are being 
considered and have the potential to affect the probative value of DNA evidence gathered at 
a scene.  
 
This study measured the amount of DNA collected with adhesive D-Squame tape disks from 
the fingers of washed hands after 30 minutes of no activity and 60 minutes with controlled 
activity, with the goal to correlate DNA content to other biological characteristics. 
Volunteers were also observed for involuntary face touches. Tape disk samples were taken 
from each hand of 22 volunteers and extracted using QIAamp DNA Investigator chemistry. 
Quantification and STR tying were performed using Quantifiler Trio and GlobalFiler.  
Dominant hand samples (60 minutes with activity) showed a higher average DNA 
concentration than non-dominant hands (30 minutes no activity). This difference was not 
significant. The 22 participants also provided skin surface measurements for hydration, 
sebum and melanin content, and answered questions on other biological parameters (e.g., 
BMI, tanning, and sweating characteristics). The amount of DNA recovered did not 
correlate to biological factors like melanin content, skin hydration, and BMI. There was 
some correlation between DNA concentration and finger sebum measurements, or self-
declared sweating characteristics. Another interesting result was that the amount of self-
touches during the limited activity period was lower than previously described. A larger 
sample population will be collected to further analyze the possible correlation between 
sebum content and sweating and shedding propensity. 
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P240 Casework-related DNA transfer on footwear in consideration of the shedder status 
 Max Schwender*, Malte Bamberg, Lisa Dierig, Sebastian N. Kunz, Peter Wiegand 
 *Institute of Legal Medicine, University Ulm 
  
 Shoes play an important role in a wide range of crimes. They offer great potential for 

understanding the intricacy of DNA transfer. Parameters such as DNA transfer, persistence, 
prevalence, and recovery (DNA-TPPR) are relevant and can be studied in this context. DNA 
traces on shoes often result from so-called touch DNA, where the origin of the DNA 
evidence is ambiguous. Complex DNA mixtures of shoe owners and users are to be 
expected. The resulting persistence and prevalence of target DNA is of great importance for 
various case-related issues. To date, limited DNA data are available to address the interplay 
of DNA-TPPR on footwear. We evaluated relevant parameters affecting the DNA transfer 
mechanism considering the shedder status in the framework of footwear. We therefore 
included data from a previous shedder status experiment and combined findings from three 
separate transfer investigations. In this study, we assessed handling scenarios of shoes 
considering different pairs of shedders (owner and subsequent user). Case-related 
circumstances versus more controlled and artificial conditions were compared. The data 
show shedder status specific trends with respect to previously reported shedder 
characteristics. In addition, the relevance of specific transfer parameters that may affect the 
impact of the shedder status are highlighted. The data provide useful information for 
assessments on activity-level.  This is a further contribution to achieving a more solid basis 
for evaluations at the pursued higher level of propositions. 
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P241 DNA transfer within exhibit package 
 Qing Wei Cheang*, Yong Sheng Lee, Nurul Insyirah Ishak, Sabrina Binte Mustaffa, Hui 

wen Yeo, Marlene Abdul Mugni, Li Yen Candy Lee, Jiayu Tan, Christopher Kiu-Choong 
Syn 

 *DNA Profiling Laboratory, Biology Division, Health Sciences Authority 
  
 Multiple items (pieces of evidence) recovered at a crime scene may be submitted together in 

a single package. In such an instance, the detection of a person’s DNA on an item may be 
argued as either arising from the person directly depositing his DNA onto the item, or a 
consequence of DNA transfer from another item within the package. The present study aims 
to determine if such transfers occur, and how often these occur. Two items of the same type 
(either drinking straws, cotton/latex gloves and plastic packets) used by different individuals 
(‘A’ and ‘B’) were placed together into a single package and left untouched for 2 days. DNA 
profile of ‘A’ could be recovered from the item used by ‘B’, and vice versa, i.e., there was 
DNA transfer between items within the package. Interestingly, it was observed that there 
was a greater transfer of DNA between cotton gloves placed in the same package as 
compared to straws in the same package. This study emphasizes the importance of packing 
items individually, and highlights the need for caution when drawing inferences from the 
DNA profile recovered from an item inside a package with multiple items. 
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P242 DNA profiles from biological trace material contained in underwear and toothbrushes 
 Alexa Villavicencio Queijeiro*, Abdiel Gibran Torres Pérez, Mauro López Armenta 
 *Ciencia Forense, UNAM 
  
 There are some special cases where it is extremely difficult to find a close relative for 

obtaining a reference sample, such as in adoption cases or foreigners without relatives in the 
country. In these cases, it is possible to use as personal objects (toothbrushes, clothes, 
underwear, among others) from the missing person. We developed a protocol for obtaining 
DNA profiles from toothbrushes and underwear, and evaluated two DNA extraction 
methods (Sillica and magnetic particles), comparing the DNA quantity and the DNA profile 
quality. A toothbrush, a pair of underwear and a reference sample were obtained from 35 
volunteers. Biological fluids were searched via UV light, a square was cut either from the 
identified florescent zone or from strategic zones and for the toothbrush four sets of 
filaments were taken from each one. DNA was extracted from the underwear cuts and 
toothbrush filaments by both methods and DNA was quantified using qPCR and amplified 
by end-point PCR; samples were run using a 3500 Applied Biosystems® Genetic Analyzer, 
finally quality of DNA profiles was analyzed using a software.Results shown that from 
underwear, silica in suspension recovered higher DNA quantity but magnetic particles 
(PrepFiler®) generated higher numbers of complete DNA profiles. Statistics proved no 
significant differences existed between methods.For toothbrushes PrepFiler® recovered a 
higher DNA quantity and generated more complete DNA profiles. A statistical analysis 
showed no significant differences between both methods.On comparing both items higher 
DNA quantities were recovered from underwear samples, however toothbrushes generated 
higher quality in DNA profiles, without obtaining mixed profiles, concluding that 
toothbrushes are a better item than underwear.Taking into account that silica in suspension 
method is three-times cheaper than PrepFiler®, we propose it is possible to successfully 
obtain DNA profiles from personal objects using a low-cost DNA extract method. 
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P244 A customized protocol to generate STR profiles from latent fingerprints 
 Michele Di Nunzio*, Ana María Rodríguez-Lozoya, Josep De Alcaraz-Fossoul, Carme 

Barrot-Feixat 
 *University of Barcelona 
  
 Dactyloscopy and DNA analysis have both played an important role in forensic 

investigations for decades. More recently, maximizing the quantity and quality of genetic 
information that can be obtained from this type of physical evidence has become one of the 
objectives in criminal cases. In certain occasions, friction ridge impressions may hold little 
discriminatory power due to low quality of ridge patterns or insufficient area extension of 
such patterns. In these cases, an appropriate human DNA collection and a high-quality DNA 
extraction could become key steps to yield a genetic identity from an unsuitable fingerprint 
pattern. Indeed, over the past few years, it has been proven that complete Short Tandem 
Repeat (STR) profiles can be obtained from a touch DNA sample. In this study, six 
participants provided finger impressions on pre-cleaned glass surfaces. Prior to deposition, 
hands were washed with water and soap, and allowed to naturally “recharge” for 10 minutes 
while applying a gentle finger tapping to homogenize skin/sweat compounds. Fingerprints 
per donor were combined during the swabbing process: from 1 to 5 depositions were mixed 
in a cumulative fashion. Genetic material was collected using a sterile cotton swab and DNA 
extracted. The efficiency of human DNA transfer between the skin and the surface was also 
measured by swabbing the fingers before deposition. This was followed by Real-Time PCR 
to quantify DNA, capillary electrophoresis (CE) for sequencing, and genotyping software 
for STR profiling. Preliminary results show that DNA quantities from latent fingerprints was 
improved and meaningful genetic STR profiles were produced. 
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P245 Application of nuclear acid fluorescence to detection of touch deposits in exposed to 
coast environment 

 Minkyu Choo*, Namyul Kim, Minseop Shin, Sangyoung An, Hanseong Lee 
 *Korea Coast Guard Research Center 
  
 It is possible to prove the fact of crime through the identification of DNA from bloodstains, 

micro-traces, and body fluids remaining on the tools of the crime even after much time has 
passed. However, criminals use environmental factors (water, mountain, and the woods) to 
dispose of evidence, and these environments make it difficult to identify DNA due to 
various pollutants and damage to DNA. For evidence collected from these deteriorated 
environments, it is difficult to find traces of crimes due to physicochemical and biological 
contamination. Thus, it is necessary to conduct a study of the method of collecting DNA 
effectively. This study would present the possibility of the visualization of latent DNA 
existing in the evidence at the site (in underwater evidence), using DNA fluorescent dye 
reagent. 
 
Treating it with Diamond™ Nucleic Acid Dye, reported to be the most excellent in 
visualizing latent DNA, this study investigated saliva and fingerprints remaining on the 
surface of the materials of general household items. As a result of the research, it was 
possible to explore saliva and fingerprints on the non-porous surface (Glass, PVC, stainless 
steel, artificial leather, and black plastic bag) of the materials, and also in the evidence 
flooded in the sea, it was possible to identify saliva and fingerprints for 3days when treated 
with the reagent. Also, there was no impact on STR analysis, a method of identification 
utilizing DNA. Since it is also possible to detect contact traces and identify DNA for 
evidence immersed in seawater, crime scene investigators should collect evidence more 
actively. 
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P246 Evaluation of metal ion and DNA recovery from the surface of brass ammunition to 
improve STR profiling 

 Natalia Czado*, Rachel Houston, Sheree Hughes 
 *Sam Houston State University 
  
 It is often challenging to obtain STR profiles from DNA recovered from ammunition. There 

is consensus that metal ions, especially copper, can intercalate with DNA or cause PCR 
inhibition. However, to date, no study has quantified the amount of metal ions recovered 
during the collection and processing of touch DNA samples from brass ammunition. This 
study examines various DNA collection and purification methods commonly used by 
forensic laboratories where the amount of copper, zinc, and other metals co-recovered from 
fired and unfired brass casings was quantified via ICP-OES. As expected, the largest 
quantities of metal ions recovered with all collection methods were copper and zinc. 
Although differences were observed across the various methods tested, the quantity of metal 
ions were eliminated by DNA purification. Furthermore, more complete profiles were 
obtained when a chelating agent was used during collection. Therefore, results suggest that 
improved purification to remove metal ions may not necessary, but rather the use of 
alternate rinsing and swabbing collection methods may lead to greater genotyping success. 
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P247 Whole genome amplification and hybrid capture-based massively parallel sequencing 
of forensic SNPs for trace amounts of DNA 

 Su Min Joo*, Ye-Lim Kwon, Kyoung-Jin Shin 
 *Department of Forensic Medicine, Yonsei University College of Medicine, Seoul, Korea 
  
 DNA recovered from crime scenes is often in low quantities, limiting subsequent genetic 

analyses and leading to unreliable results. With the introduction of massively parallel 
sequencing (MPS) into forensic genetics, MPS of single nucleotide polymorphisms (SNPs) 
for trace amounts of DNA was attempted using low-input DNA library preparation kits. 
However, they require a certain amount of input DNA, and library complexity decreases as 
the amount of input DNA decreases. To overcome these limitations, whole genome 
amplification (WGA), which generates sufficient amplified DNA even from a single cell, 
can be an alternative. Nevertheless, the effects of WGA in hybrid capture-based MPS on 
sub-nanogram level DNA have not been systemically studied. In this regard, we developed a 
procedure for hybrid capture-based MPS of forensic SNPs and compared genotype recovery 
rates of the SNPs between genomic DNA (gDNA) and WGA DNA depending on the 
amount of input DNA. Five global gDNAs were quantified and normalized to 2 ng/μl, and 
serially diluted to 6.25 pg/μl. WGA was carried out with each gDNA and its products were 
quantified and normalized to 10 ng/μl. Fragmentation of gDNA and WGA DNA was 
conducted using an M220 Focused-ultrasonicator. MPS libraries were prepared using a 
ThruPLEX DNA-Seq Kit from 10 ng to 25 pg of fragmented gDNA and fragmented WGA 
DNA generated from 1 ng to 6.25 pg of gDNA. Purified and pooled MPS libraries were 
captured with custom KAPA HyperChoice probes targeting 102 autosomal identity SNPs 
and 34 Y-SNPs and sequenced on a MiniSeq. The genotype, call rate and heterozygote 
balance of target SNPs, and duplicate rate of the sequences were investigated using GATK 
HaplotypeCaller and Excel. Consequently, higher recovery rates of SNPs from trace 
amounts of DNA are expected in hybrid captured-based MPS using WGA DNA than 
gDNA. The results of this study suggest that performing WGA can increase the efficiency of 
hybrid capture-based MPS for low quantities of DNA. 
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P248 Modelling mixing proportion variability across loci and uncertain peaks in a PGS 
 Philip Wilson*, Roberto Puch-Solis, Matthew Barron, Timothy Clayton 
 *Eurofins forensic services, UK 
  
 Many jurisdictions across the world perform the evaluation of the evidential strength of an 

autosomal DNA profile with respect to its origin with the calculation of a likelihood ratio. 
Sophisticated statistical models that take peak heights into consideration have been devised 
to account for the complexities of a DNA profile and implemented into dedicated computer 
probabilistic genotyping systems. One such system is LiRa, which is underpinned by a 
gamma model and is currently used in casework in the jurisdiction of England and Wales. In 
this talk we present two new components included in LiRa. One of them allows for variation 
of the mixing proportion between loci and the other introduces a new way of modelling 
uncertain peaks. Uncertain peaks are peaks that may consist or partially consist of 
contributions other than allelic, stutter and dropin contributions, e.g. a peak in stutter and 
pull-up position. 
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P249 Water filtration as a new type of crime trace sample in forensic genetics 
 Christel Hougård Enroth*, Cathrine Bie Petersen, Andreas Kelager, Morten Wiuf, Marie-

Louise Kampmann 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 In certain cases, it is of investigative importance to find traces of human DNA in water. 

Examples include water from a lake when searching for a dead body or body parts, water 
from a water lock at a crime scene or water from a wash procedure as an alternative to 
swabbing evidence for traces. Extracting DNA from larger volumes is incompatible with a 
standard forensic workflow. However, biological material suspended in water can be 
retained and concentrated using filtration approaches, developed for the study of 
environmental DNA, that reduces the sample volume and allows for DNA extraction and 
downstream analysis. 
 
We present preliminary results of the filtration process where biological material or 
extracellular DNA is captured using two filter-based approaches for DNA extraction: i) 
extraction of DNA while immobilised on the filter paper in filter case or ii) opening the filter 
and transferring the filter paper to the workflow for DNA extraction similar to smaller 
pieces of textile. 
 
The extracted DNA from filters is possibly degraded and of low quality.  STR analysis may 
in some cases be unsuccessful and targeted massively parallel sequencing with short 
fragment length is an alternative to obtain sequence data for identification. 

 
  



254 
 

P250 Detection and analyses of latent DNA 
 Adrian Linacre*, Piyamas Petcharoen 
 *Flinders University, South Australia, Australia 
  
 Latent DNA detection is realising the potential to transform aspects of DNA collection at 

scenes and from items. This presentation will present an overview of the current 
developments on using DNA staining dyes to record the number of cells present on a wide 
range of substrates. It is essential to firstly understand the composition of cellular material 
deposited by touch, where it originates and the relative composition of corneocytes and cell-
free DNA. Insight into the origins of touch DNA will be presented along with staining 
nuclei with a range of dyes showing corneocyte degradation. Shedding cells appears to be 
somatic-specific giving relevance as to collection points for DNA when items and weapons 
are held. The presentation will also cover how DNA binding dyes can be used to effectively 
triage sample collection, monitor cell collection using different swabs and tapes, detect 
inadvertent transfer during collection, can be correlated with subsequent generation of DNA 
data, and lastly how latent DNA detection can be incorporated into forensic practice. 
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P251 A systematic evaluation of 'Bidi - a hand-rolled cigarette' as a forensic DNA evidence 
 Molina Madhulika Ekka*, Bhargav C. Patel, Lakshita Arya 
 *National Forensic Sciences University 
  
 Bidis, small handmade cigarettes, are often collected from crime scenes and processed 

similarly to cigarette butts for DNA. However, bidi's composition and manufacturing 
process differ distinctly from the cigarette, and hence the optimal processing for DNA 
analysis should not be similar to cigarette butts. In the present study, an additional process of 
cell elution from bidi stubs prior to DNA extraction is systematically compared with the 
direct lysis of bidi stubs which is the standard practice in forensic labs for cigarette butts. 
The three components (cell-elute, supernatant, and processed stub) obtained after the cell 
elution process of smoked bidi stubs showed varying amounts of DNA. The cell-elute and 
processed stub yielded DNA, resulting in a full STR profile (90-100% samples). On the 
contrary, the directly lysed stubs yielded a high quantity but low quality of DNA, resulting 
in only 40% of the samples with full STR profiles. The cell elution process enables three 
components from the same bidi to be used for forensic DNA analysis, although the cell-elute 
proved to be the best source of DNA for STR profiling. The current study proved the cell 
elution process as an essential step prior to DNA extraction procedure for bidi. 
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P253 Investigation of downstream processing methods for challenging skeletal samples 
 Jennifer Snedeker*, David Russell, Michelle Peck, Amy Holmes, Christina Neal, Carmen 

Reedy, Sheree Hughes, Rachel Houston 
 *Sam Houston State University 
  
 In many human identification (HID) cases only skeletal remains are recovered and may 

require complex DNA typing methods. The gold standard in DNA typing involves the 
analysis of STR markers; however, low-template, inhibited, and fragmented skeletal samples 
often results in partial profiles, limiting definitive identifications. More advanced methods 
may provide better identifications and additional investigative leads.  
 
Extracts were collected from challenging (buried, burned, cremated, embalmed, and surface 
decomposed) skeletal samples and analyzed using three downstream processing methods; 
STR typing (Investigator 24plex QS; QIAGEN), microarray SNP typing (Infinium Global 
Screening Array; Illumina Inc.), and next generation sequencing (NGS) techniques 
(ForenSeq Signature Prep Kit and ForenSeq Kintelligence Kit; Verogen). By examining the 
overall success of each method compared to each extract's DNA quantity and quality, a 
recommendation on the best-suited method can be determined. Traditional STR typing 
provided complete STR profiles in several samples; however, the two NGS methods 
exhibited increased success with low-template and degraded samples. The ForenSeq 
Signature Prep kit and the ForenSeq Kintelligence kit demonstrated success with as little as 
100 pg of DNA. Both methods provided additional investigative leads through phenotypic 
and ancestry predictions or forensic genetic genealogy leads. Additionally, coupling the 
enhanced PCR buffer with the ForenSeq Signature Prep kit resulted in increased intensity, or 
number of reads, as well as increased SNP call rates for the majority of samples. The 
Infinium Global Screening Array also demonstrated improved sensitivity for forensically 
relevant SNPs with as low as 200 pg DNA input. These data indicate the potential success of 
HID from compromised skeletal remains utilizing a variety of downstream processing 
techniques depending on the quantity and quality of DNA available. 
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P254 STR and high-density SNP profiles obtained from trace samples using whole-genome 
amplification without DNA purification 

 Feng Cheng*, Wanting Li, Xiaoqin Qi, Xiaomeng Zhang, Halimureti Simayijiang, Yan 
Wang, Jiangwei Yan 

 *School of Forensic Medicine, Shanxi Medical University 
  
 Trace samples are a limited resource that has commonly [been] used for autosomal short 

tandem repeat (STR) genotyping. Occasionally, large-scale of single nucleotide 
polymorphisms (SNP) need to be analyzed for forensic investigation purposes. This requires 
substantial amounts of genomic DNA. The whole genome amplification (WGA) method 
could increase the amount of template DNA. The current WGA methods with DNA 
extraction and purification can lead to DNA loss and increase the possibility of 
contamination. Therefore, we eliminated DNA purification for WGA and defined it as a 
direct protocol. Blood spots on FTA cards were used to evaluate the reliability of the direct 
protocol for STR and SNP profiles. For STR genotyping, the detection rate of the direct 
protocol was higher than that of the current WGA protocol (99.51% versus 84.92%). For 
SNP genotyping, the average coverage rate of the direct protocol was 97.1% and the 
consistency rate was 95% compared to venous blood samples. Our study suggests that the 
protocol without DNA purification prior to WGA can provide an adequate DNA template 
when low-quality templates are available. This could help forensic geneticists to identify 
suspects using the family tree with large-scale SNP analysis. 
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P255 Increasing the success of touch DNA from firearms 
 Todd Kaesler*, Adrian Linacre, Paul Kirkbride 
 *Flinders University 
  
 Successful DNA profiles taken from firearms reported in casework samples is on average 

only between 5 - 25%. There is therefore a need to improve this DNA profiling success. We 
report on a process to detect and then analyse DNA deposited by touch when holding, 
loading, and discharging a firearm. 
 
The use of a nucleic acid dye called Diamond Dye and simple fluorescence microscopy has 
allowed for the visualisation of cellular material deposited by touch. Volunteers of known 
shedder status were asked to handle deconstructed firearm components as realistically as 
possible. Three different sampling methods were used to identify the optimum recovery 
technique for DNA collection from firearms. The first method is the standard double swab 
technique, the second is a rinse swab technique and the final is a cumulative swab taken 
from multiple firearm components. The most efficient technique was then applied to the 
previously tested components in realistic handling scenarios, with volunteers operating and 
discharging the firearms. 
 
The number of stained cells were recorded identifying the specific firearm components that 
had higher cellular deposition, and highest STR success. Limited variation was observed 
between the amount of cellular material deposited on components based on their surface 
area. Full or highly informative STR profiles were generated from all three of the 
techniques. The cumulative swabs generated higher STR success, but the presence of 
foreign alleles also increased. The majority of profiles obtained from the realistic handling 
scenarios were mixed profiles with most alleles able to be attributed to the individuals who 
discharged the firearm. This work improves the DNA profiling from firearms aiding the 
investigation of crimes involving a firearm. 
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P256 Efficiency evaluation of the LT-DNA traces analysis modifications 
 Agnieszka Parys-Proszek*, Magdalena Marcińska, Maria Wróbel 
 *Institute of Forensic Research, Kraków, Poland 
  
 Analysis of genetic profiles obtained from low template DNA samples (LT DNA) can be a 

big challenge. The probability of the occurrence of stochastic amplification artifacts (allele 
and locus drop-out, elevated stutter, heterozygote peak imbalance, allele drop-in) increases 
in this type of samples. According to the recommendations of international genetic societies 
(ISFG, SWGDAM and ENFSI) quality of the results of LT-DNA traces can be improved 
with the use of low copy number methods (LCN), which include increasing the number of 
PCR cycles, reducing the volume of the PCR reaction mix, purifying and concentrating of 
PCR products, increasing the injection time and/or voltage of capillary electrophoresis. 
Another strategy which allows to obtain better parameters of the analysis of LT-DNA traces 
is the replication of amplification of the same DNA sample and creating consensus, 
composite (virtual pool profile) or real pool profile. Though the use of the above mentioned 
modifications extends the time of sample analysis and generates higher costs, it may 
increase the possibility of obtaining more reliable results of genetic tests. The aim of the 
research was to analyze and compare the efficiency of modifications used in the testing of 
LT-DNA samples. Implementation of these methods in laboratory practice may lead to an 
improvement in the quality of reported data from LT-DNA traces in genetic analyzes 
conducted to assist of the justice system. 
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P258 Effect of the aging on stutter ratio: a deeper understanding the stochastic behavior of 
stutter ratio for the mixture interpretation 

 Shota Inokuchi*, Hiroaki Nakanishi, Aya Takada, Kazuyuki Saito 
 *Department of Forensic Medicine, Graduate School of Medicine, Juntendo University 
  
 In forensic genetics, the stochastic behavior of stutter ratio (SR) is generally explained and 

predicted using statistical models. A deeper understanding of the stochastic behavior of SR 
can provide the evidence to the court more objectively and robustly in terms of mixture 
interpretation. In this study, we investigated an effect of aging on SR. Nail scraping and 
clippings were collected from total 68 healthy individuals with the informed consent. 
Samples were categorized by age-class into a young group (ages 0-16 years; n = 36) and an 
older adult group (aged older than 61 years; n = 32), and compared with SR using 
GlobalFiler Kit for the simple repeat locus (CSF1PO, D10S1248, D16S539, D18S51, 
D22S1045, D7S820, TH01, and TPOX). Bayesian modeling was performed with lognormal 
distribution implemented multiple linear regression with allele and age-class as explanatory 
variables to the location parameter. For all simple repeat loci, the mean values of the 
posterior distribution of the partial regression coefficient of the age-class showed the 
positive value. For D7S820, the lower limit of the 95% credible interval also showed the 
positive value. Our data indicated that SR is increased slightly by aging. Even though other 
biological material source would show the similar tendency, the effect size of aging on SR 
would vary according to the sources. Our insights could contribute to a more objective and 
robust mixture interpretation. 
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P259 A framework for the qPCR modelling and analysis of low copy number sample 
 Minoru Asogawa*, Minoru Asogawa 
 *NEC Corporation 
  
 For the diagnosis of infectious diseases and cancer risk estimation, the importance of 

accurately quantification DNA or RNA templates in a sample has been increased. However, 
due to stochastic fluctuations in PCR process, it was difficult to experimentally determine 
the probability distribution of Cq depending on the template number. Recently, an 
experiment utilizing injecting one yeast cell at a time into a test tube was carried out by 
other group. This experiment enabled to start with exactly 1, 2, 4, 8, 16, and 32 template 
copies and measured the Cq values. asymmetricity in Cq distribution and large outliers in Cq 
values, especially in starting with single template. We find that a binomial distribution 
model can simulate PCR amplification process to calculate Cq values and can explain the 
previously mentioned phenomenon. Additionally, the Cq distribution for the starting with 
single characterized by PCR efficiency at an early PCR cycles. By combining this model 
with the Poisson distribution, we can calculate Cq values probability distribution for a 
dilution experiment. With this, the number of templates in diluted sample can be accurately 
estimated from experimentally obtained Cq values. 
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P260 Do cats carry and transfer human DNA? 
 Heidi Monkman*, Mariya Goray, Roland A.H. van Oorschot 
 *Flinders University, College of Science and Engineering, Australia 
  
 The transfer, persistence, prevalence, and recovery of DNA (DNA-TPPR) can be highly 

relevant in forensic investigations to evaluate the presence and/or actions of a person of 
interest (POI). Whilst there has been extensive reporting of DNA-TPPR related research, 
there is a lack of data on companion animals and their relationship to human DNA transfer. 
Given the commonality of cats and dogs in households around the world, companion 
animals as receptors and vectors for DNA transfer may be highly relevant in cases involving 
animals being the victim of a criminal offence, or cases requiring evaluation of how DNA of 
a POI became located on the surface sampled. Samples were collected and profiled from 
external areas on the bodies of several cats (including head, back, and sides) to determine 
the prevalence and sources of DNA that can be present on cats. Also evaluated were a) DNA 
transfer of foreign DNA to a cat by patting, and b) DNA transfer from a cat to a glove worn 
by the patter. Reference profiles of household inhabitants and patters were generated to 
assist data interpretation. Preliminary data shows that human DNA is prevalent on 
household cats, its source is mainly of household inhabitants, and that it readily transferred 
to and from cats. This knowledge can be relevant to sample targeting in specific case 
circumstances and/or when considering possible means of the presence of a person’s DNA 
at the location it was collected from. 
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P261 Detection of human DNA in the air 
 Chiara Fantinato*, Peter Gill, Ane Elida Fonneløp 
 *Department of Forensic Sciences, Oslo University Hospital, Oslo, Norway 
  
 Large quantities of human cells and DNA fragments are continually released into the air and 

this constitutes a large proportion of indoor dust. We have shown that aerosol DNA can 
provide useful information to aid human identification under specific conditions: for 
example, illegal entry by an unknown gloved person into an apartment (crime scene) where 
no body fluids/cells were recovered. Air samples were collected using the AirPrep™ 
ACD220 electret filter air sampler from various indoor environments. Dust samples (swabs 
from undisturbed surfaces such as the ledge above doors) were collected in parallel from the 
same areas. A new method to extract human DNA from air filters was developed and a 
comparative study was carried out using both CE and MPS platforms. DNA profiles were 
evaluated in relation to the use and time of occupancy of the room from where samples were 
collected. This study showed that human DNA can be collected from air in sufficient 
amounts to yield full STR genotypes. The method can be used to identify presence of 
individuals who had recently entered a premises, whereas dust samples can be used to 
identify those who occupied premises over much longer time periods. 
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P262 Whose DNA profile will you find on a drug trafficking bundle? 
 Yong Sheng Lee*, Nurul Insyirah Ishak, Sabrina Binte Mustaffa, Hui wen Yeo, Marlene 

Abdul Mugni, Li Yen Candy Lee, Jiayu Tan, Xiaoyang Li, Christopher Kiu-Choong Syn 
 *DNA Profiling Laboratory, Biology Division, Health Sciences Authority 
  
 A drug trafficking event will minimally involve four roles – seller, packer, courier and 

consumer. Among these roles, the packer and the courier are more likely to have come into 
contact with the drug bundles. In this study, comparison was performed on how often a 
reportable profile of a packer and/or courier may be detected from the drug bundle seized 
from the courier’s bag. In addition, the association between shedder status of the packer or 
courier with the DNA results were assessed. In the first phase of the study, a DNA-free 
‘drug bundle’ was placed into the bag of a laboratory staff (“courier”) for either a short 
duration (14 hours). In the second phase, the extended period was repeated with packets 
prepared by laboratory staff with known shedder status (“packer”). The DNA results showed 
that detection of the courier’s profile is associated with the duration that the drug bundle was 
in the bag of the courier, but is not associated with the courier’s shedder status. The shedder 
status of the packer was also found to have an inverse relationship with the detection of the 
courier. 
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P263 DNA on drugs 
 Amy Griffin*, Paul Kirkbride, Julianne Henry, Adrian Linacre 
 *Flinders University 
  
 The use of illicit drugs is a continuing blight on society. Detecting DNA from individuals 

involved in manufacturing and distribution of drugs can provide valuable investigative 
information or strategic intelligence which, in turn, can disrupt the supply and distribution of 
illicit drugs. This presentation details the transfer, persistence, prevalence, and recovery of 
human DNA on the exterior of tablets and capsules, as well as within drug powders. Various 
experiments were conducted to mimic stages in the creation and packaging of tablets and 
capsules. Novel approaches were needed to overcome the challenges associated with DNA 
typing from trace DNA associated with a range of drug compounds, adulterants and cutting 
agents. We showed that the act of brief contact (1-3 seconds) is sufficient to generate 
informative DNA profiles that can be uploaded and compared to databases internationally. 
This work complements chemical drug profiling data by linking seizures to each other and 
individuals via DNA profiles, providing information to prosecution or intelligence agencies. 
The generation of DNA information from illicit drug preparations is another tool that can be 
used in the fight against illicit drug manufacture and distribution. 
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P264 Direct PCR artifacts identified in touch DNA from fired cartridge casings 
 Abigail S. Bathrick*, Anna C. Salmonsen, Jon M. Davoren 
 *Bode Technology 
  
 Direct PCR is a DNA processing method in which a sample is added directly to an 

amplification reaction without prior purification or quantification. Although bypassing these 
steps can reduce costs, labor, and DNA loss, downstream processing issues can arise due to 
the presence of contaminants and inhibitors. In this study, 264 brass cartridge casings were 
handled, fired, swabbed, and processed with direct PCR using the GlobalFiler™ PCR 
Amplification Kit (GF) (n = 216) and the PowerPlex® Fusion 6C System (PPF6C) (n = 48). 
Up to four known donor alleles <150 bp long with peak heights <250 RFU were detected in 
4.2% of the GF samples, and no known donor alleles were detected in the PPF6C samples. 
At least one artifact was observed in 100% and 89.6% of the GF and PPF6C 
electropherograms, respectively. These artifacts were distinguishable from true alleles due to 
their unusual peak morphologies and were observed at consistent positions across the 
samples per STR kit. In both STR kits, all artifacts were <205 bp and were predominantly 
observed in the blue and green dye channels. Identification of these artifacts may be of 
interest to individuals developing direct PCR protocols for DNA samples collected from 
fired cartridge casings. 
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P265 Comparison of three DNA extraction methods for three different types of fired and 
unfired ammunition 

 Larissa S.  Melo*, Beatriz Cristina Mendes da Rocha Marques, Alessandra Stefânia Dias, 
Tatiana Lucia Santos Nogueira, Ludmila Alem, Dayse Aparecida da Silva 

 *Laboratório de Ciência e Tecnologia Forense - UERJ 
  
 When handling ammunition for gun loading, epithelial cells from the hands can become 

adhered to the metal surface, and this trace is a potential source of DNA. This work aimed to 
compare the efficiency of three DNA extraction methods from fired cartridge cases from 
three different types of firearms: 12-gauge shotgun, point 40 S&W pistol, and 7.62mm rifle. 
Nine volunteers were involved in this study handling 42 pieces of ammunitions overall. The 
unfired ammunition was handled by a known good donor, and we used this data for 
comparison. DNA extraction was carried out with EZ1 DNA Investigator Kit, QIAmp DNA 
Investigator kit, and direct lysis protocol. Samples were collected with 0.5x0.5cm pieces of 
FTA filter paper moistened with distilled water. Quantiplex Pro RGQ kit and Fusion 
Powerplex 6C were used for genotyping samples. Considering the circumstances, QIAmp 
DNA Investigator method resulted in the best number of alleles recovered for both 
conditions tested, both fired and unfired ammunitions: 77% vs. 19.3%, followed by the 
automated extraction (28.6% vs. 4.3%) and lysis protocol (0% vs. 3.9%). Degradation data 
from fired cartridge cases were 27% for column method, 50% for lysis protocol, and 87% 
for EZ1 kit. Kruskal-Wallis test for mean DNA concentration from these samples returned 
p<0.05, and Dunn’s multiple comparison test indicated a significant difference between 
calibers .40 S&W and 12-gauge shotgun from lyses protocol method. We did not detect any 
other significant differences on the test. The 12-gauge shotgun cartridge cases resulted in a 
high number of alleles overall (56.8%). The numerous steps for DNA extraction and 
purification in the column  method may explain its better performance. Although the results 
obtained indicates that all methods may be used for DNA extraction from this type of 
evidence, the silica-based membrane column method appears to be more efficient. 
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P266 Recovery of DNA from fired cartridge cases and lessons learned after three years 
 Glenn Fahrig*, Todd Bille 
 *Bureau of Alcohol, Tobacco, Firearms and Explosives 
  
 Fired cartridge cases (FCCs) can be a critical piece of forensic evidence and sometimes the 

only recovered physical evidence left by a perpetrator at a violent crime scene.  Despite 
many recent advancements in methodology for successfully recovering informative DNA 
profiles from FCCs, many public forensic laboratories are still not yet performing DNA 
testing on this type of evidence. In April 2019, the Bureau of Alcohol, Tobacco, Firearms & 
Explosives (ATF) Forensic Science Laboratory successfully implemented a novel “rinse and 
swab” DNA sampling procedure for processing FCCs. The new FCC sampling procedure at 
the ATF Forensic Science Laboratory was developed to mitigate potential copper-induced 
oxidative damage to deposited DNA on cartridge case surfaces, particularly brass, and to 
maximize recovery using a method that was compatible with the current process flow. In 
addition to improving the DNA sampling method, the ATF Forensic Science Laboratory 
also improved the capacity for analyzing FCCs through auxiliary measures, such as hiring 
and training specialized support personnel, incorporating automation, enhancing mixture 
interpretation methodology, etc. In this presentation, we will discuss a brief history of 
overall progress in forensic DNA analysis on fired cartridge cases, some of the obstacles 
faced by the ATF Forensic Science Laboratory and other forensic DNA practitioners, a 
summary of the research performed by the ATF Forensic Science Laboratory prior to case 
work application, and lessons learned from the past three years of forensic case work. 
Attendees can expect to learn more about how evidence acceptance policies, evidence 
storage, DNA sampling, lab processing, and data interpretation protocols can be modified or 
improved in a comprehensive “end-to-end” approach for successful recovery of informative 
DNA profiles from FCCs. 
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P267 Improvements to the “rinse and swab” method for recovery of DNA from fired 
cartridge cases 

 Katherine Hargett*, Brittney Donoghue, Adam Klavens, Rebecca Sloman, Glenn Fahrig, 
Todd Bille 

 *Bureau of Alcohol, Tobacco, Firearms and Explosives 
  
 In April 2019, the Bureau of Alcohol, Tobacco, Firearms & Explosives (ATF) Forensic 

Science Laboratory successfully implemented a novel “rinse and swab” DNA sampling 
procedure for processing fired cartridge case evidence from ATF violent crime 
investigations throughout the United States. Since that time, the ATF Laboratory has 
modified the published DNA sampling method with a number of improvements designed to 
enhance the capability of the laboratory to perform DNA testing on fired cartridge cases, 
including reduction of reagent and consumable use, reduction of analyst processing time and 
sample manipulation, and incorporation of automation into the DNA extraction procedure. 
These method modifications were tested and determined to achieve the desired effect on 
workflow while maintaining similar or better DNA recovery from fired cartridge cases. This 
presentation will provide information about the relevant method modifications and current 
ATF casework protocol since the original publication of the ATF “rinse and swab” method 
in 2020. 
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P268 Determining effect of cartridge case coatings on gunshot residue in firearm 
investigations 

 Michaela M. Werner*, Connor Hazzard, Phillip B. Danielson, Christian G. Westring 
 *Purdue University Northwest, Center for Crime, Forensics, and Security Analysis; College 

of Engineering and Sciences, Hammond-Indiana, United States of America 
  
 Crimes involving firearms are broad in the United States, and it is often critical significance 

that law enforcement and forensic investigators have the ability to identify evidence that 
advances criminal investigations by identifying the person(s) of interest. Despite the 
common occurrence of identifying spent cartridge cases at the scene of the crime, due to the 
inhibitory effects of metallic cartridge cases on modern DNA typing technologies, they are 
not regularly submitted to the laboratory for DNA testing. This stands in sharp contrast to 
other types of "touch-type" or "trace" DNA analysis. While it is expected that new upgrades 
to DNA typing technologies are more sensitive today, many of these kits are limited by the 
presence of various inhibitory substances.  As such, limiting the persistence of inhibitory 
compounds would deliver better results.  However, our ability to consistently limit the 
presence of metallic and gunshot residue (GSR) in cases involving firearms has not been 
successful to date. Gunshot residue is a type of residue that is deposited on hands, clothes, 
and weapon(s) from the person discharging the firearm – and is primarily composed of 
primer and propellant fragments (burnt and unburnt). An improvement in the ability to limit 
the persistence of inhibitory compounds would therefore increase the success rate by which 
DNA typing would be employed in forensic investigations involving spent cartridge cases.  
Ammunition regularly contains a lead-based priming mixture, a critical and recognizable 
component of gunshot residue. These residues have been demonstrated to result in a 
concentration-dependent inhibition of polymerase chain reaction (PCR)-based DNA typing 
by short tandem repeats (STR).  However, due to chemical changes in the manufacturing of 
commercial cartridge cases and the resulting change in gunshot residue, it is getting harder 
to recognize which inhibitory compounds are in lead-free primers (LFPs). In the current 
study, we seek to study the effects of lead-free primer ammunition on our ability to detect 1) 
inhibitory compounds (e.g., lead, barium, and antimony) in gunshot residue from 
commercial ammunition; 2) assess the impact of metallic cartridge cases (e.g., brass, nickel, 
aluminum, and steel); and 3) assess the impact of firearm metal/coatings in the presence of 
common lead-free primer residues. By providing more information about the priming 
compound and the cartridge case composition, we hope to identify new methods which will 
improve DNA typing success in firearm investigations. 
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P269 Nuclear DNA SNP profiles derived from human hair shaft 
 Elaine Lewis*, Owen Benefiel,  Maria Vittoria Fronda, Daniele Podini 
 *George Washington University 
  
 Shed hairs are often found in forensic investigations yet are infrequently utilized in DNA 

analysis for human identification.  The hair contains both nuclear and mitochondrial DNA, 
but no intact nuclei, and the DNA is degraded and in low quantity. The objective of this 
project was to enable nuclear DNA-based human identification from hair shaft. The 
sensitivity of massively parallel sequencing (MPS) technology  provides opportunities to 
obtain DNA sequence information from shed hair that contributes towards identity of a 
suspect or victim. 
 
DNA was extracted from 5-10 cm of hair shaft using the method of Brandhagen et al1. DNA 
recovered from hair was quantified for both mitochondrial and nuclear DNA using a qPCR 
assay.  Recovery of DNA was highly variable among hairs and individuals, ranging from 0-
10 pg nuclear DNA per cm of hair. 
 
For analysis of nuclear genotypes, a total of 225 single nucleotide polymorphisms (SNPs) 
and 18 microhaplotypes (MHs) were targeted using hybridization capture methodology. Of 
the 225 SNPs, 136 were ancestry informative SNPs and 89 were individual identification 
SNPs. Two different library preparation methods were tested (Takara and KAPA); each with 
one or two cycles of capture hybridization. The best performing process was found with two 
cycles of hybridization with the KAPA library, yielding a full profile for all 225 SNPs and 
18 MHs. The average sequence coverage per each targeted locus was 350 reads. The 
average heterozygote allele balance for heterozygote loci was 75.5%. The probability of 
inclusion is approximately one in greater than 9.6E+39 in the major US populations. It is at 
least 2.6E+15 times more likely to observe this ancestry SNP profile if it is from an 
individual of European descent rather than of another major US population, consistent with 
the ancestry of the donor of the hair sample. These data demonstrate the possibility of 
obtaining a nuclear DNA profile from hair shafts sufficient for reliable human identification. 
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P270 Genetic profiling from 9mm fired cartridge cases over 30 days 
 Ludmila Alem*, Beatriz Cristina Mendes da Rocha Marques, Alessandra Stefania 

Dias,Tatiana Lucia Santos Nogueira,Dayse Aparecida da Silva 
 *State University of Rio de Janeiro 
  
 Fired cartridge cases are common materials found at crime scenes and, for the most part, are 

used for Forensic Ballistics analysis. We aimed to evaluate the feasibility of recovering 
DNA profiles from 9mm cartridge cases over 30 days. Therefore, 27 fired cartridge cases 
were manipulated by six volunteers in total and analyzed after three-time intervals: 3, 8 and 
30 days. Volunteers were asked to handle the ammunitions as they would in a daily basis 
situation. However, they were not encouraged to hold and manipulate the ammunitions 
extensively, as this procedure does not represent a real-life situation. DNA samples were 
obtained with EZ1 DNA Investigator kit, qPCR was performed with Investigator Quantiplex 
Pro RGQ kit, and Powerplex Fusion 6C was used for STR analysis. Real-time PCR analysis 
showed that 85% of the 27 samples were degraded and no inhibition was detected. DNA 
mean concentration was 0.3 pg/µl for each time interval, and the standard error was 0.1 
pg/µl, 0.09 pg/µl, 0.1 pg/µl for the three-time corresponding  intervals. Kruskal-Wallis test 
indicated p=0.6, which meant no statistical differences between the samples analyzed. STR 
analyzes resulted in a success rate of 16% for intervals of 8-days and a success rate overall 
of 7%. No DNA profile was obtained from 3- and 30-days old samples. Air relative 
humidity was 75% on the day of experimentation. Our results could contribute to 
understanding the factors affecting genetic profiles from fired cartridge cases: 3 days old 
samples already showed 77.8% of degradation. We also obtained 80% of degradation from 
24hours-old samples (ongoing work – data not shown) in similar conditions. Once moisture 
catalyzes the metal oxidation processes, relative humidity and the metallic surface of 
cartridges may play an important role. We assume that time interval may not be the main 
factor regarding DNA analysis, and low success rates are more likely to be obtained for real-
life scenarios. 
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P271 High-performance LAMP based method for human sex identification using Y 
chromosome specific genetic markers 

 Alejandra Garzón-Salazar*, Germán Burgos, Katherin Barrionuevo-Pérez,Tomás Restrepo, 
Eduardo Tejera, Jacobus H. de Waard, Leonor Gusmão 

 *Laboratorios de Investigación, Universidad de Las Américas (UDLA), Quito, Ecuador. 
  
 Finding fast and cheap strategies for DNA typing and human sample identification is of 

interest in forensic science. We report a new versatile alternative for molecular sex 
determination using Y chromosome specific targets (TSPY, TTTY, alphoid regions and Y-
Amelogenin). This system uses an isothermal loop-mediated DNA amplification (LAMP) 
with a set of 6 primers for each target, designed to improve sensibility and specificity, 
reducing detection time to only 45 minutes. Furthermore, detecting the different targets on 
the Y-chromosome either individually or in combination revealed accurate results. Assay 
sensitivity was determined with a mixture of human female and male DNA at different 
concentrations to mimic forensic samples. Single primer sets showed high sensitivity, at 
DNA concentrations ranging from 58,6 to 3.7 pg/uL. When a combined primers set was 
used, sensitivity yield a detection as low as 0.1 pg/uL of male DNA, making it 10 times 
more sensitive than qPCR-DNA quantification kits. Finally, high specificity was observed 
when tested against 6 domestic species. 
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P272 Perspective on the use of IGG in Brazil 
 Pedro Henrique Costa Bonamin*, Carlos Eduardo Martinez Medeiros, Cintia Fridman 
 *Departamento de Medicina Legal, Ética Médica e Medicina Social e do Trabalho, 

Faculdade de Medicina FMUSP, Universidade de São Paulo, São Paulo, SP, BR 
  
 Since 2018 investigative genetic genealogy (IGG) has been used as a novel technology to 

solve cold cases. But IGG presents several ethical issues regarding privacy and regulation. 
IGG has never been used in Brazil although the number of direct-to-consumer (DTC) 
ancestry tests have been increasing and its users use open platforms in which IGG can be 
applied, such as GEDMatch, being susceptible to the same ethical problems as in those 
countries where IGG is being used. We carried out an online survey with 135 clients of DTC 
ancestry tests (DTC-C) and 35 Brazilian CODIS Administrators (ADM) in order to evaluate 
their knowledge about the forensic use of genetic genealogy, their opinion about it and a 
possible application in Brazil. Both groups support using IGG in violent crimes and missing 
person (58.8% of DTC-C and 34.3% of ADM), but also showed worries about the 
legislation and ethical issues (79% - 55% DTC-C and 97% - 65% ADM). Also, 20% of 
ADM were against the use of this technique compared to the DTC-C (4%), probably due to 
the lack of knowledge of the methodology, its scope and limitations. These results show the 
need to broaden the discussion on the IGG in various sectors of society. Acknowledgements: 
CAPES, LIM40/HCFMUSP 
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P273 A method to enable genetic genealogy investigations from DNA mixtures 
 Rebecca Just*, Sana Enke, Kim Eskey, Tracy Ferguson, Rebecca Mitchell 
 *National Bioforensic Analysis Center (NBFAC), National Biodefense Analysis and 

Countermeasures Center (NBACC) 
  
 A major limitation to the use of Forensic Genetic Genealogy (FGG) at present is the 

difficulty posed by mixed DNA samples.  To develop an approach for mixtures, we used an 
open-source probabilistic genotyping software (EuroForMix) to deconvolute single 
nucleotide polymorphism (SNP) typing results generated from constructed mixtures and 
mock samples of known genotypes sequenced using the ForenSeq Kintelligence Kit 
(Verogen, Inc.).  Both conditioned and unconditioned deconvolutions were performed, and a 
complete set of probability threshold combinations for Allele 1 and Allele 2 were tested to 
identify those that produced the highest percentage of correctly predicted SNP genotypes. 
Deconvoluted SNP genotypes were subsequently uploaded via the GEDmatch PRO portal 
for one-to-many kinship searches of the GEDmatch database, and performance was 
evaluated by the estimated kinship coefficients obtained for known relatives.  In this 
presentation we will describe the strategies that produced both sub-optimal and successful 
results, along with the procedural challenges encountered and current limitations in terms of 
contributor ratios and starting DNA inputs. 
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P274 12 myths about genetic genealogy 
 Tynan Peterson*, Melanie Thomas Armstrong 
 *ThroughLine Consultants 
  
 Genetic genealogy (GG) combines autosomal DNA data with traditional research to 

determine the level and type of genetic relationship between individuals. Originally used to 
identify biological parents, it has also become an effective crimefighting tool. The explosion 
of data from at-home DNA tests has broadened the range of situations in which GG can be 
used in a legal context. 
 
However, many people do not understand the approach or how much work it entails. Now 
that more and more law enforcement agencies are learning about the possibilities of using 
these methods to help solve cold cases, it is important to clarify what type of data law 
enforcement has access to and how genetic genealogists use that information. 
In this poster session, we plan to dispel a variety of assumptions people make about how 
genetic genealogy works and what happens if they “opt in.”  For example, some people 
think genetic genealogy works like CODIS – upload the DNA and the name of the 
contributor pops out. Other people are afraid if the opt-in, law enforcement will have access 
to health data derived from their DNA or can use their DNA to frame them for a crime.  We 
plan to dispel these rumors and provide more accurate information. 
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P275 Evaluating ForenSeq Kintelligence Kit with samples and extraction buffers relevant 
for forensic analyses 

 Marie-Louise Kampmann*, Martin Jensen, Cathrine Bie Petersen, Helle Smidt Mogensen 
 *Section of Forensic Genetics, Department of Forensic Medicine, Faculty of Health and 

Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
  
 ForenSeq Kintelligence kit (Verogen) is a method to study genealogy in a forensic context 

as this kit contains chemistry to amplify samples and access to search in the GEDmatch 
database with the obtained profile. The ForenSeq Kintelligence kit use targeted sequencing 
where 10,230 selected SNP markers are amplified prior to sequencing. The amplified 
fragments are short (< 150 bp) so this kit is relevant for low quantity and low quality 
samples. After sequencing, the SNP profile is uploaded to the GEDmatch database and with 
the 10,230 SNP it is allegedly possible to identify kinship to the fourth cousin. We tested the 
ForenSeq Kintelligence kit with stain samples and DNA extraction methods relevant to 
forensic analyses. DNA was extracted from blood, blood on cotton swab and blood on 
textile with DNA Investigator kit (Qiagen), Chelex® (BioRad) and PrepFiler™ DNA 
Extraction Kit (Thermo Fisher Scientific), respectively. DNA from bone and semen was 
extracted with in house extraction methods. In addition, two DNA extracts were selected 
from crime cases. The DNA from the various samples was analyzed with the ForenSeq 
Kintelligence kit. The results were analysed with respect to coverage, locus and allele 
balances, drop-outs and drop-ins. 
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P276 Application of a dense SNP PCR multiplex for high throughput kinship determination 
using next generation sequencing (NGS) 

 Joana Antunes*, Sarah Radecke, June Snedecor, Gothami Padmabandu, Kathryn Stephens 
 *Verogen, Inc 
  
 The need to identify large numbers of missing persons from mass disasters, armed conflicts 

and human rights abuses has become increasingly prevalent. The ForenSeq® Kintelligence 
Library Prep Kit together with NGS (sometimes called massively parallel sequencing), has 
been designed to interrogate 10,230 forensically-relevant SNPs for the purpose of solving 
cold cases, including missing persons identification. The kit allows up to 3 samples per 
sequencing run to call sufficient SNPs for detecting relationships up to 5th degree when 
searching DNA microarray databases, such as GEDmatch PRO™. For missing persons 
cases with high number of post-mortem (PM) and ante-mortem (AM) samples from 
deceased and their family members, respectively, a higher throughput solution is required. In 
this report, we present the ability to increase the sequencing plexity for PM to 12 and AM to 
32 samples using the Kintelligence kit and workflow. This generates sufficient SNP calls for 
kinship determination up to 3rd order. We typed DNA extracted from bones and dental 
remains, as well as artificially degraded and low input DNA to simulate PM samples. We 
typed DNA from diverse populations to simulate AM samples. We determined the number 
of called SNPs overlapping between AM and PM samples from these high-plexity 
sequencing runs and show the impact on kinship estimation. Though likelihood ratios (LR) 
decrease as the number of SNPs called are reduced with challenging samples or more distant 
relationships, calculated kinship coefficients and LRs were still significant. Furthermore, we 
determined that the LR values calculated for 3rd degree relationships were robust to loss of 
heterozygosity in the samples. Overall, increasing plexity can facilitate higher throughput 
DNA analysis of missing persons cases, without severe loss in kinship estimation. 
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P277 Investigative genetic genealogy for 39 unidentified remains cases in Oregon 
 Ellen Greytak*, Janet Cady, Nici Vance, CeCe Moore, Steve Armentrout 
 *Parabon NanoLabs 
  
 Investigative Genetic Genealogy (IGG) is the attempt to identify an unknown individual by 

finding genetic relatives using public genetic genealogy databases and combining the results 
with traditional genealogical research of public records. In this presentation, we review the 
results of a multi-year IGG collaboration between the Oregon State Police Medical 
Examiner’s Office (OSPME) and Parabon NanoLabs.  In total, 39 unidentified remains 
cases were processed for genome-wide SNPs and evaluated for their potential to be solved 
using IGG. Thirty-six of the cases generated sufficient SNP data to be uploaded to 
GEDmatch, and 35 of them yielded sufficiently promising GEDmatch matches to proceed 
with IGG. Of these 35, 23 have received a confirmed or likely identification, while IGG 
research on the other 12 is ongoing.  This presentation will report statistics on the sample 
quality, data quality, and IGG investigations. 
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P278 Whole-genome sequencing of degraded DNA for investigative genetic genealogy 
 Janet Cady*, Ellen Greytak 
 *Parabon Nanolabs 
  
 Investigative Genetic Genealogy (IGG) is the attempt to identify an unknown individual by 

finding genetic relatives using public genetic genealogy databases and combining the results 
with traditional genealogical research of public records. In less than 4 years, IGG has helped 
solve hundreds of cold cases. IGG begins with the generation of dense single nucleotide 
polymorphism (SNP) data from a forensic DNA sample. High-quality SNPs are required in 
order to obtain accurate database match results, and most solved cases have used microarray 
genotyping. However, for highly degraded samples, such as bone, microarray genotyping is 
ineffective; instead, whole-genome sequencing (WGS) must be used. Due to degradation 
and the presence of non-human DNA in such samples, sequencing coverage is typically too 
low for direct genotype calling, and imputation is required. In this presentation, we report on 
a validation study of low-coverage imputation for IGG casework. High-coverage WGS data 
from the 1000 Genomes Project was downsampled to genome coverages of 5X, 2.5X, 0.5X, 
0.25X, and 0.05X and used for imputation and shared centimorgans were calculated using 
IBIS. Genotype error rates were assessed, and matches to known relatives and non-relatives 
were compared to expectation. In addition, 25 real IGG cases that have been resolved were 
studied for their sample quality, WGS results, and GEDmatch matches to the family 
members that were later confirmed. 
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P279 Determination of validated Kintelligence thresholds for application to forensic genetic 
genealogy 

 Michelle A. Peck*, Christina M. Neal, Stephen D. Turner, Jessica L. Bouchet, Erin M. 
Gorden, Mary C. Heaton, David A. Russell, V.P. Nagraj, Alexander F. Koeppel, Carmen R. 
Reedy 

 *Signature Science, LLC. 
  
 The ForenSeq Kintelligence Kit (Verogen) is a targeted amplification method for SNP 

genotyping and forensic genetic genealogy (FGG) cases. The kit was designed for 
compatibility with the most challenging forensic samples (i.e., low input and degraded 
samples). The 10,230 SNP markers in the kit can be used for distant kinship matching, as 
well as phenotype and ancestry inference.  
 
Internal validation studies on the Kintelligence kit demonstrated robust performance with 
nonprobative samples and DNA input down to 50 pg. Pooling was modified to be performed 
with either two (manufacturer’s recommendation) or four samples. Six bone samples (i.e., 
burned, cremated, surface decomposition, and embalmed) at 1.0 ng DNA input, starting as 
low as 0.042 ng/µL, resulted in 9,934±258 called SNP sites, equivalent to a 97.1±2.5% call 
rate, when sequenced in a 4-sample multiplex. 
 
Analysis thresholds and upload criteria for genealogical databases are critical for ensuring 
the accuracy and utility of SNP profiles for FGG. To assess the impact of call rate and drop-
out, all samples were analyzed with two coverage thresholds – 10X and 20X 
(manufacturer’s recommendation). Further, sensitivity data was used to determine an 
intralocus balance (ILB) threshold to minimize the impact of drop-in. An assessment was 
then performed with GEDmatch PRO on the NA24385 and HG004 samples (known) and a 
subset of bone samples (unknown) to determine the impact of these thresholds on matching. 
From this, call rate and heterozygosity rate were used to set internal upload criteria for 
eligibility to GEDmatch PRO. As a qualifying test, nonprobative tape extraction samples 
(prepared from NA24385) and a subset of bones samples (not used above) were evaluated 
utilizing the final thresholds and criteria. Assessing the impact of quantity and quality of 
data generated on kinship matching will indicate the reliability of database matches with the 
Kintelligence kit and the applicability of this kit to FGG cases. 
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P280 7 years of SNPs: An assessment of methods utilized for generating profiles for forensic 
genetic genealogy 

 Rachel H. Oefelein*, Cristina Servidio 
 *DNA Labs International 
  
 Over the past seven years, hundreds of cases have been processed with the goal of 

phenotyping, ancestry, and/or forensic genetic genealogy (FGG) research. However, not all 
profiles developed were suitable for upload to public databases or for phenotype and 
ancestry estimations, while some poor-quality samples surprisingly were. The capabilities 
for FGG testing have grown in the past year and are still improving. This presentation will 
serve to compare the results that can be expected from three very different DNA profiling 
systems; single nucleotide polymorphism (SNP) array, whole-genome sequencing (WGS), 
and targeted SNP testing via next-generation sequencing (NGS). The ability of these testing 
methods to handle varying sample types, degradation, inhibition, the presence of non-human 
DNA, and low quantities of DNA will be examined. The information gained over the past 
seven years and hundreds of samples later can inform the decision-making processes 
moving forward as the field of FGG continues to grow. This presentation will conclude by 
highlighting a successful case with a challenged sample processed with the intention of 
forensic genetic genealogy research. 
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P281 The catalyst-like role of forensic genetics in the developmental process of Hungarian 
wildlife forensics 

 Zsolt Pádár*, Gábor Kovács, Mónika Nogel, Viktor Soma Poór, Petra Zenke 
 *University of Pécs (HU), Szent István University (HU) 
  
 The anthropocentric nature of forensic sciences has been changing continuously over the 

years and this process is continuing today. At the same time, the link between forensic 
genetics and non-human forensic evidence has already become unquestionable. Due to its 
multilateral implementation, forensic genetics can play a pivotal role in forensic science. It 
may highlight the modern requirements of forensic science, and it is also able to provide 
useful and sufficient examples for developmental processes also in wildlife forensics. 
Obviously, the local formations, organizations, and operations of wildlife forensics can be 
different worldwide, but the detection and punishment of wildlife-related criminal behavior, 
as well as the prevention of further crimes, plays a relevant role in this process everywhere. 
In recent Hungarian situations, we also have been faced with common problems in this field 
that limit effective actions against wildlife crime such as the lack of specialized forensic 
technicians, the lack of special professional protocols, and incomplete biological knowledge 
on the part of the authorities, and inadequate funding of non-human forensic genetic 
laboratories, as well as the lack of available forensic non-human genetic databases. Here we 
present some representative cases which introduce a few recent challenges and initiatory 
examples from non-human Hungarian forensic practice. 
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P282 Robust detection of cow and female buffalo DNA through real-time PCR assays 
 Arunagiri Subramanian*, Dhanashree Gaikwad, Kamlesh Jangid, Sujata Hajra, Kavita 

Khadke, Rajas Warke 
 *Assistant Manager, Research and Development, Molecular Biology 
  
 Cow, Bos taurus, and female buffalo, Bubalus bubalis are considered sacred animals that are 

a part of rural livelihood in India. The purity of dairy products originating from these bovine 
species has major sentimental implications in the dairy and meat industry. To weed out 
intermixing and help in meat forensics, three real-time PCR assays were designed to detect 
the mitochondrial DNA and the sex origin targeting the X and Y chromosomes from these 
bovine species. Zyagen reference genomic material was used for determining the specificity, 
sensitivity, repeatability, and machine compatibility. Different case-type samples were also 
assessed. An exogenous target functioned as an internal control ensuring a successful 
reaction. The assays were 100% specific with no cross-amplification of the two bovine 
species. As expected, amplification of the X chromosomal target was observed for both male 
and female DNAs, whereas Y chromosome amplification was observed only for the male 
DNA. No non- specificity was observed with other organisms. The limit of detection for sex 
determination is up to 0.01 ng/µL, whereas the differential capability of the assay is up to 3 
copies/µL for Bos taurus and 30 copies/µL for Bubalus bubalis. The assays were 
reproducible at 1 ng/µL genomic DNA with 95% CI. The assays are open and compatible 
with other brands of qPCR systems used in forensic labs. The experiments presented here 
verify that the developed real-time PCR assays are robust producing reliable and 
reproducible results for not only the detection of Bos taurus and Bubalus bubalis, but also 
their sex even at low DNA concentrations. 

 
  



285 
 

P283 The effect of substrates and time of deposition on molecular analysis of fly artifacts 
 Carla Bini*, Arianna Giorgetti, Giulia Fazio, Sara Amurri, Elisabetta Tangorra, Elena 

Giovannini, Susi Pelotti 
 *Department of Medical and Surgical Sciences, Section of Legal Medicine, University of 

Bologna, via Irnerio, 49, 40126, Bologna, Italy 
  
 The activity of animals and insects at the crime scene can provide useful elements to 

reconstruct the dynamics of the event. Any insect that interacts with wet body fluids can 
produce artifacts which can be confused with human bloodstains. Considering that flies are 
the early colonizers of the crime scene and first players of the process of contamination, the 
problem is to distinguish stains produced by fly regurgitation or fecal elimination in a crime 
scene. Actually, fly artifacts are morphologically very similar to impact, projected, sneezed, 
and expirated bloodstains and cannot be reliably distinguished using presumptive or 
confirmatory tests for identification of human blood. Several techniques have been proposed 
to differentiate insect-derived artifacts based on morphological approaches and 
immunological assay. Recently, a DNA-based method by the analysis of the cytochrome c 
oxidase subunit I (COI) gene has been designed for the distinction of fly artifacts from 
human bloodstains on spots characterized by different morphological features and deposited 
by fly on a glass surface.  
 
Here, we present a study to assess the feasibility of the molecular analysis of fly artifacts 
deposited on different substrates as glass, paper, plexiglass and cotton and to evaluate the 
COI amplification success at different time intervals up to two years after fly artifacts 
deposition. Our results showed that the deposition time seems do not affect the detection of 
fly artifacts DNA, while a substrate interference was demonstrated. 
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P284 Standardization of molecular analysis techniques for DNA identification of bird species 
of the Psittacidae family 

 Dayse A. Silva*, Vitoria Mendes Oliveira, Daniela Almeida, Jean Sousa Pinto, Maria Alice 
S. Alves 

 *State University of Rio de Janeiro 
  
 Birds of the Psittacidae family belong to one of the groups with the most negative impact 

from wildlife trafficking, which has consequences beyond removing these species from the 
wild. This work aimed to standardize DNA extraction techniques from blood, feathers, and 
eggshells of Psittacidae to molecular identification and help track the place of origin of the 
seized bird. We collected blood and feather samples from adult of the Turquoise-fronted 
Parrot, Amazona aestiva, individuals (n=5) at the Wild Animal Screening Center of Rio de 
Janeiro, and additionally, eggshells from nests in the Várzeas do Rio Ivinhema State Park of 
Mato Grosso do Sul (n=3).We tested five nucleic acid extraction techniques (Phenol, 
magnetic particle (Promega), column (Qiagen®), Chelex100®(Bio-Rad), and ammonium 
acetate salt).In addition, DNA concentrations and purity were evaluated by fluorimetry and 
spectrophotometry. As a result, the extraction by phenol provided a higher concentration of 
DNA from blood (20µg/mL) and feather (0.4µg/mL), while for the eggshells, the acetate 
technique was the most efficient (33µg/mL).Regarding the purity of DNA from blood 
samples, all protocols provided DNA with a 260/280 ratio between 1.7 and 1.9, except 
Chelex. For feather samples, the best results were those from phenol and column extractions 
(1.8 and 2.0). For eggshells, on the other hand, extractions with magnetic particle, column, 
and acetate were most satisfactory (1.8-2.0). Polymerase chain reaction amplification of 
mitochondrial CytB and 16S genes were positive for all DNA samples, even for those from 
feathers that presented the lowest concentrations: column and acetate (0.1µg/mL). As a 
result, we obtained the most favorable conditions for DNA extraction from blood, feathers, 
and eggshells of the Turquoise-fronted Parrot using the five DNA extraction methods tested. 
These protocols can be used as a reference for other species of Psittacidae, and can be 
applied for biodiversity and forensic studies. 
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P285 Forensic determination of breed and geographical origin of cattle using bovine STR 
markers 

 Eduardo Avila*, Marcio Dorn 
 *National Institute of Science and Technology - Forensic Sciences 
  
 Bovine products are a major item in human food chains, and as such are widely subject to 

different types of fraud or adulteration.  DNA methods can be helpful in developing forensic 
applications regarding cattle traceability,  in order to assure safer food products. Particularly 
in Latin America, countries share wide and unprotected borders, where cattle hustling is a 
common practice, with significant economic and sanitary implications.  The present work 
describes a machine learning-based method applied to cattle genetic data, which can predict 
with high accuracy bovine breed and geographical origin. Genetic data pertaining to 13 
distinct bovine STR markers were employed in a total of 25772 animal samples., belonging 
to 10 different breeds and with three distinct geographical origins (Uruguay, Paraguay, and 
Australia).  Four distinct machine learning algorithms were employed to generate 
classification models, and method efficiency was evaluated in a 10-fold cross-validation 
procedure. The Decision Tree-based algorithm using Adaptative Boosting methods provided 
the best results, with high accuracy in breed prediction, as well as good performance in other 
evaluation metrics. The national sample origin was also predicted with high accuracy for 
some of the tested bovine breeds. These results suggest that at least some level of genetic 
structuration exists among cattle national herds. This kind of structure is not clearly 
identified using regular techniques of population inference through genetic data, mostly 
based on Bayesian clustering using admixture models. Therefore, machine learning models 
can provide useful tools to access genetic diversity stratification among different bovine 
populations, with significant potential in the development of forensic methods in bovine 
identification and traceability. 
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P286 CaDNAP – Dogs and beyond 
 Martina Unterländer*, Burkhard Berger, Cordula Berger, Werner Hecht, Josephin Heinrich, 

Nadja Morf, Walther Parson, Udo Rohleder, Uwe Schleenbecker, Andreas Hellmann 
 *Federal Criminal Police Office, Forensic Science Institute, Wiesbaden, Germany 
  
 The dog is our closest animal companion and most popular pet, therefore, forensically 

relevant cases involving dogs, such as accidents or dog attacks, are observed regularly. Even 
more importantly, canine trace evidence, especially hair, can serve as evidentiary link when 
they indicate the suspect’s or victim’s presence at the crime scene.  
 
The Canine DNA Profiling (CaDNAP) group was founded in 2003 as a collaborative 
research project. The core group consisted of the Institute of Legal Medicine, Medical 
University of Innsbruck (GMI) and the German Federal Criminal Police Office (BKA). The 
Institute of Veterinary Pathology, Justus-Liebig-University, Giessen joined in 2008 and the 
Institute of Forensic Medicine Zurich, University of Zurich followed in 2015. The CaDNAP 
members have been striving for the harmonization of forensic canine DNA analysis by 
developing and validating canine-specific STR panels according to recommendations made 
by the ISFG. Additionally, the group is going beyond the analysis of canine DNA, and has 
lend its expertise for the analysis of animal as well as plant DNA in general. 
 
Here, we would like to present some examples of the range of questions the group is 
working on, to demonstrate why nowadays the analyses of animals and plants are 
recognized in the forensic field and why this type of forensic examination is considered a 
valuable addition to conventional DNA typing. 
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P287 Forensic evidence search in a case of an alleged dog attack: On the importance and 
meaningfulness of a good co-operation between police and forensic experts 

 Nicole von Wurmb-Schwark*, Jan-Hendrik Modrow, Julia Emm, Julia Bak, Thorsten 
Schwark 

 *ForGen GmbH 
  
 Victim clothing is frequently and routinely examined for biological traces such as blood, 

saliva or semen, hair, or skin epithelial cells of a potential perpetrator. The type of trace can 
help in crime reconstruction or description, and a genetic match between trace DNA and 
perpetrator DNA can establish a link between the perpetrator and the victim. 
Frequently, pieces of evidence are processed decentralized, e. g. by the police; the trace 
laboratory will then receive swabs, adhesive tapes, etc., sometimes without their personnel 
knowing exactly what the circumstances of the case were, or where and how the samples 
were taken. 
 
We present a case of a dog bite in which swabs taken from the wound area of the victim 
were sent to our lab to detect and individualize possible DNA from the canine “suspect”, in 
order to hold the animal's owner accountable. We highlight problems caused by the police's 
incomplete description of the presumed circumstances of the case and the injury caused, as 
well as by uncertainties regarding the evidence collection, and discuss how these 
imponderables negatively affect casework and, in the worst-case scenario, prevent the case 
from being solved altogether. In addition to the forensic genetic aspects, the causation of the 
unusual injury pattern will be discussed using a skin model and dog teeth. 
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P288 DNA based identification of big cats and related artifacts in Czech Republic 
 Daniel Vanek*, Lenka Vankova 
 *Forensic DNA service 
  
 The aim of the presentation is to provide the auditorium an overview of ongoing research 

and development of identification tools for big cats (Panthera tigris, Panthera leo, Panthera 
onca, Panthera pardus, …). The set of tools includes specie specific RT-PCR quantitation 
system (nuclear, mitochondrial), STR multiplexes, rapid system for big cat specie 
determination, and database solution.  The presentation will also cover casework experience 
and update suggestions related to ISFG recommendations regarding the use of non-human 
(animal) DNA in forensic genetic investigations. 
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P289 Investigating dog breeds from whole mitochondrial DNA sequences 
 Federica Giangasparo*, David Ballard, Brian Catchpole, Denise Syndercombe Court, Asiya 

Khatun, Ryan Colligan 
 *King's College Lodndon 
  
 In the UK there are 211 canine breeds recognised by the UK Kennel Club, and many more 

recognised across the European mainland.  Classification is, however, made mainly 
according to their physical characteristics and pedigree information and a reliable and 
comprehensive database containing their genetic information is not yet available to aid in the 
breed classification of dogs for legal purposes. Often, non-human specimens are collected 
from crime scenes and, given the high prevalence of companion animals in UK households, 
is it likely that many originate from dogs. Collected (and often uncollected) canine evidence, 
such as dog hair, is rarely investigated. In humans, investigation of the mitochondrial DNA 
control region has proven to be informative enough to predict an individual’s ancestry in 
some circumstances. The same concept applied to the canine population has shown that the 
investigation of the control region  does not contain enough variation to infer breed 
information or canine ancestry, therefore this research has undertaken sequencing  of the 
approximate 16700 base pairs that makes up the canine full mitochondrial genome using 
massively parallel sequencing. King’s Forensics now holds a comprehensive full 
mitogenome database of 83 dog breeds, each represented by 10 individuals, with the five 
most represented breeds in the UK being  represented by fifty individuals, creating a 
database of over 1000 sequences. Here we present the current state of the database with their 
canine clade  frequencies and discuss how this information  could be exploited to infer 
breed. 
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 Forensic entomology can aid criminal investigations and is associated with estimating 

postmortem interval (PMI). Another use of insects is the recovery of human DNA, for 
example, from the digestive tracts of Dipteran larvae (maggots). Several factors have been 
studied regarding the recovery of human DNA from maggot crops. However, DNA 
extraction methods have not been evaluated. In this study, four DNA extraction methods 
were chosen to extract bovine DNA from maggots: Chelex®, PDQeX forensicGEM, EZ1® 
DNA Investigator, DNeasy® Powersoil® Pro Kit. Extracts of whole maggots and dissected 
maggot crops were evaluated based on the quantity of bovine mtDNA, using a custom real-
time PCR (qPCR) assay. Additionally, the quality of extracts was determined by checking 
for inhibition using internal PCR controls of commercial qPCR chemistries. Both quantity 
and quality were assessed to determine which extraction method would be suitable for the 
recovery of DNA from maggots. When using whole maggots, Powersoil® Pro (n=10, 
0.668± 0.458 ng/µL) yielded the highest average DNA yield, while EZ1® DNA Investigator 
(n=10, 0.605± 0.403 ng/µL) yielded the highest average with crops. Chelex (Crops: n=10, 
0.029± 0.033 ng/µL) and forensicGEM (Crops: n=10, 0.021± 0.032 ng/µL) yielded low 
amounts of bovine DNA with inhibition present, unlike EZ1® and Powersoil® Pro. Based 
on these results, EZ1® and Powersoil® Pro were chosen to assess the recovery of human 
DNA from maggots that fed on decomposing cadavers at the Southeast Texas Applied 
Forensic Science (STAFS) Facility. The recovered human DNA was quantified using qPCR 
and followed by STR typing. This study shows that fly larvae could be processed in forensic 
laboratories for non-human and human DNA analysis. 
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 *1. Laboratório de Genética Humana e Molecular – Genética Forense, Escola de Ciências 
da Saúde e da Vida, Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre - 
Brazil 2. Instituto Nacional de Ciência e Tecnologia Forense 

  
 Worldwide, Cannabis sativa is the most consumed illicit drug, the third among all drugs, 

even though the recreational use is illegal in the majority of the countries. Therefore, the 
cultivation, distribution, and selling are operated by the illicit market. In Brazil, from the 
cultivation to consumption (in all spheres) Cannabis sativa has been illegal since 1976, 
through law n° 6.368/76. Despite police efforts, the illegal market is still rising. In Brazil, 
there are five known big “cannabis routes”: Polígono da Maconha (Marijuana Polygon – 
Brazilian Northeast); Colombia; Uruguay; Paraguay; and Europe, via postal. Brazil has an 
enormous territory, extensive borders, and a wide list of crimes to address, which makes it 
difficult for entities to combat narcotraffic. This scenario demands fast, accurate, and 
economic solutions that aid Police Intelligence in tracking the geographic origin and 
combating the Cannabis sp. market. UNODC recommends particular methods for cannabis 
identification and analysis, of which molecular methods can be an asset for providing many 
results in only one experiment (STR analysis). However, in Brazil marijuana is usually 
trafficked in a “pressed brick” form, which makes molecular analysis difficult due to 
contamination and mixture. Following international guidelines for forensic analysis, two 13-
loci STR Multiplex Panels were developed for Cannabis sativa. Previously, in our 
laboratory, seized samples were analyzed with both multiplex panels, obtaining promising 
results for identification, individualization, and origin inference of the samples. Considering 
the huge amount of seeds present in the “brick” and the advantages of using them as a 
sample (i.e.: low storage requirements, and absence of contamination), we develop a 
protocol using Cannabis seeds as a source of DNA for analysis. In this work, we present a 
case report and a fast, efficient, and economic hub for molecular analysis of Cannabis sativa 
seized in Brazilian territory. 
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 Magdalena Marcińska*, Wróbel M, Sekuła A, Kowalczyk M, Sekuła K, Czarny J, 
Powierska-Czarny J, Nawotka R, Bachliński R, Duszyńska, Makowska Ż, Kadyjewska E, 
Witkowski  P, Choromańska A 

 *Institute of Forensic Research 
  
 Cannabis have been cultivated around the world for thousands of years and are widely used 

in the textile industry and medicine. From the justice system point of view,  they can be 
divided into two categories – hemp of the fibrous type and the narcotic type, which differ in 
the content of the psychoactive compound THC. According to the Polish guidelines, plant 
material with a content of active compounds above 0.2% are considered to be the narcotic 
type. The standard approach used to distinguish between these two types of Cannabis is 
commonly used toxicological analysis. However, if the content of differentiating active 
compounds or the type of plant part sent to the laboratory is problematic, genetic 
identification may be a good solution. The subject of the study of the research consortium 
was the genetic analysis of Cannabis samples using STR markers. The collected population 
database of samples of Cannabis from fibrous and narcotic varieties was analyzed taking 
into account the basic statistical parameters describing the population. It was used to 
develop a method of genetic profiling of Cannabis on the basis of a selected set of 23 STR 
genetic markers, which were subjected to preliminary statistical analyses. The developed 
genetic results will be used to select the most useful genetic markers for the genetic 
identification of  Cannabis and will enable to create an identification tool for forensic 
experts. 
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and update 

 Milica Keckarevic-Markovic*, Natasa Cirovic, Miljana Kecmanovic, Dusan Keckarevic 
 *University of Belgrade - Faculty of Biology 
  
 Cannabis Sativa Sativa, known as hemp or industrial Cannabis, is a fast-growing plant, 

widely used for the production of a variety of commercial items. Cannabis Sativa Indica, or 
marijuana, is well-known for its psychoactive component THC, a product of spontaneous 
decarboxylation of THCA, synthesized by the marijuana-specific THCA synthase (THCAS) 
gene. Marijuana is mainly used for recreational purposes, but, also, it is a subject of drug 
abuse.  
 
Considering that marijuana and hemp could not be reliably differentiated morphologically, 
several methods have been developed for detecting marijuana for forensic purposes. The 
common HPLC method is used for qualitative and quantitative detection of THCA, 
practically exclusively present in marijuana. 
 
Knowing that the quantity of THCA largely differs between plants of different ages, male 
and female, and different parts of plants and that it could be easily degraded in time, 
chemical detection may not always be the method of choice. So, in cases of suspicious or 
negative results for THCA content, especially when one could not recognize the source 
material, or one should decide if it is a marijuana or hemp seed, genetic analysis of the 
THCAS gene, responsible for the synthesis of THCA, and present exclusively in marijuana, 
should be considered. 
 
Since the year 2006 and the identification of the THCAS gene by Kojoma and co-workers, 
this type of analysis has been enabled and many methodologies differentiating between 
THCAS and THCAS–like genes, present in hemp, too, were developed. Research of Laverty 
and co-workers (2019), was found that THCAS–like gene is a gene for the synthesis of 
cannabichromenic acid (CBCA), another cannabinoid compound abundant in Cannabis 
plants. 
 
As a result of our work, we provide an algorithm that includes forensic identification of the 
THCAS gene, which could be helpful in elucidating if the suspected plant material is 
marijuana or hemp, is it degraded or inhibited, or is it plant at all. 
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 *Centro Regionale Antidoping e di Tossicologia "A. Bertinaria", Regione Gonzole 10/1, 
10043, Orbassano, Torino, Italy 

  
 Cannabis sativa is a worldwide commercialised plant, for medicinal purposes, food and 

fibre production, and also as a recreational drug.  Identification and differentiation between 
legal and illegal C. sativa is, therefore, of great importance for forensic investigations. In 
this study, multivariate statistical models and Machine Learning approaches were employed 
to correlate the specific genotype with the specimens’ concentration of tetrahydrocannabinol 
(THC). In total, 60 samples were obtained from legal growers in Piedmont (Italy) and other 
103 samples from illegal drug seizures that took place in the Turin area. Samples were 
frozen at -80°C for 4 hours before the analysis, then DNA was extracted, quantified, 
amplified with 13-loci STR multiplex and, finally, analysed with automated sequencer. The 
results showed the samples of C. sativa are simultaneously distinguished by their THC 
content and their allele profiles. Furthermore, the use of supervised classification modelling 
on the genetic data allowed to discriminate the tested samples into legal-illegal categories. In 
particular, the use of logistic and sparse approaches of Principal Component Analysis (PCA) 
and Partial Least Squares Regression (PLS-R) and Discriminant Analysis (PLS-DA) 
revealed two clusters of samples that differed in specific allele profiles and THC 
concentrations. Indeed, specific alleles of target markers (such as ANUCS501, 9043, 3735, 
C114, C11, and H06) were detected in samples with high THC content (2%-20%), whereas 
other alleles of target markers (such as CS1, 9043, and C11) were detected in samples with 
low THC concentration (0.1%-2%). Further validation studies are required bu this study 
might represent a new approach for forensic investigation as a valuable aid to law 
enforcement in significant marijuana seizures or in tracing illicit drug trafficking routes. 
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genes to distinguish between marijuana and hemp 

 Ya-Chih (Jessica) Cheng*, Madeline Roman, Sarah Kerrigan, Rachel Houston 
 *Sam Houston State University 
  
 Cannabis sativa can be cultivated as hemp or marijuana. The passage of the 2018 Federal 

Farm Bill legalized hemp tasks law enforcement with differentiating the two crop types. 
Genetic markers are desirable for determining crop type in sample types inconducive to 
chemical analysis, such as trace residues, immature crops, aged samples, seeds, and root 
material. Cannabinoid synthase genes are considered key enzymes that determine the 
chemical composition (chemotype) of cannabis plants. The use of genetic markers of 
cannabinoid synthase genes to predict chemotypes has been proposed. This study re-
evaluated a previously published method and highlighted the limitation of existing markers 
for differentiating marijuana and hemp. This study also performed chemical analysis on 
hemp and reference samples to better understand the relationship between chemotype and 
genotype. Moreover, this study sought to develop more robust genetic markers by designing 
an NGS custom panel targeting three cannabinoid synthase genes to comprehensively 
analyze a broader range of cannabis varieties. This study demonstrated the applicability of 
using a high throughput sequencing technique to identify novel polymorphisms between 
crop types and/or strains. 
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 Traditional cannabis identification is largely based on a combination of macro- and 

microscopic examination of morphological features and chemical analysis of the vegetable 
matter. This identification approach could, however, be severely impacted if the product is 
highly fragmented or pulverized. As such, DNA-based molecular techniques offer a viable 
alternative detection approach. We have developed a robust and sensitive workflow using 
two cannabis-specific markers, Tetrahydrocannabinolic acid synthase (THCAS) and 
Cannabidiolic acid synthase (CBDAS), which are absent in other members of the 
Cannabaceae family. DNA was successfully recovered from cannabis samples that had been 
stored for as long as 30 years. THCAS and CBDAS amplicons could be generated from as 
low as 0.05 and 5 ng of genomic DNA respectively. Good quality sanger sequences could be 
obtained and generated BLASTN match identity results of > 99% to Cannabis sativa 
sequences in GenBank. Detection of cannabis was also possible even in the presence of 
tobacco or hops DNA. In conclusion, these markers can be used to determine challenging 
forensic samples suspected to contain cannabis. 
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shotgun sequencing 

 Andrea Ramírez Torres*, Mirna Ghemrawi, George Duncan, Bruce McCord 
 *Florida International University; Penn State University 
  
 Recently, the human microbiome has been studied for applications in human identification 

and its potential transfer to various surfaces. However, there has been little research on the 
genital microbiome, which physiologically differs from other body sites, and has great 
potential value in cases of sexual assault. As per Locard’s Principle of Exchange, the genital 
microbiome may indicate proof of sexual contact between two individuals, and then be used 
as evidence within criminal casework. Ten monogamous couples were recruited to 
participate in a Pre-/Post-Coital study where genital swabs of the vaginal labia, vaginal 
vault, and penile shaft were self-collected before and after sexual intercourse. The samples 
were preserved in a stabilizer at room temperature and extracted based on bead-beating 
mechanism, quantified using a bacterial specific SYBRGreen assay, and shotgun 
metagenomic sequenced using the NebNext FSI Ultra Library Kit. The samples were 
examined for the presence of genital-specific target species, including L. iners, L. gasseri, L. 
jensenii, and L. crispatus, and Gardnerella vaginalis, which are known for composing the 
bulk of the vaginal microbiome. The results can be used to examine the specificity of 
additional bacterial species to the genital area as well as demonstrate the transfer of specific 
bacterial species between partners. 
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Kit on profiling soil microbial communities with metagenomic sequencing 
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Łabaj, Agnieszka Pollak, Małgorzata Rydzanicz, Rafał Płoski, Andrzej Ossowski, Wojciech 
Branicki, Renata Zbieć-Piekarska 

 *Central Forensic Laboratory of the Police,  Al. Ujazdowskie 7, 00-583 Warsaw, Poland 
  
 Progress in DNA sequencing technology provides the possibility to characterize and analyze 

microbiome communities recovered from their own environments excluding laboratory 
cultivation. In the last few years the potential of metagenomic profiles has been increasingly 
recognized in forensic research. DNA analysis of the soil microbiome may provide data for 
its effective individualization to enable comparing soil traces or determining origin of soil. 
However, before this approach can be employed as an additional tool in actual investigative 
cases, additional studies involving validation of all methods used are required. 
 
The complexity of metagenomic analysis poses considerable challenges during analytical 
standardization because each step in an experimental metagenomic sequencing workflow 
preferentially measures some taxa over others. Every metagenomic sequencing experiment 
is biased to some degree, and measurements from different protocols are quantitatively 
incomparable. But, on the other hand, it is common to assume that conclusions drawn from 
measurements using the same protocol are robust to this bias. 
 
To assess the robustness of the DNA isolation method used in developing the SMAFT 
project eight modifications of the isolation with Qiagen DNeasy PowerSoil Pro kit were 
tested. Tested DNA isolates were obtained from three types of samples : soil, mixtures of 
mock communities (ZymoBIOMICS Microbial Community Standard and Spike-in Control I 
in fixed proportions) and soil with spike-in of the above mixture of mock communities, each 
in 3 replicates. A total of 72 DNA isolates were extracted, sequenced using Illumina 
NovaSeq 6000 Sequencing System and bioinformatically analyzed. We present our findings 
about protocol modification and its influences on metagenomic profiles obtained for soil, 
mock community and mixed samples. 
 
Project no. DOB-BIO10/03/01/2019 is financed by the National Centre for Research and 
Development. 
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 Inferring the post-mortem interval (PMI) of boiled cadavers is a puzzling problem in 

forensic investigations. Studies have shown that the microbial community succession of 
cadaver decomposition can be used to estimate PMI. However, it is still not confirmed that 
predicting PMI of boiled cadavers based on microbial community succession is feasible. To 
test the feasibility, the microbial communities during the decomposition of rat cadavers 
killed by manual cervical dislocation (CK group) and those boiled after manual cervical 
dislocation (BG group) were characterized by 16S rDNA high-throughput sequencing. The 
alpha diversity of the microbial communities in both groups decreased significantly during 
the decomposition. PCoA analysis showed that the microbial communities of the two groups 
proceeded in different directions of succession. The similarity of the microbial community 
was linearly related to PMI. The random forest model was employed to predict PMI. Within 
45 days of cadaver decomposition, the mean absolute errors were 2.00 and 2.33 days for the 
CK and BG groups, respectively. Our results suggest that the succession of microbial 
communities could provide a potential direction for estimating PMI from boiled cadavers. 
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Nelson, Noemi Procopio, Sarah Gino 
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 The interest in the analysis of the human microbiome for personal identification purposes is 

founded on the microbial diversity amongst individuals. The oral cavity hosts one of the 
most diverse and abundant microbial communities in the human body; the skin instead is a 
complex ecosystem with unique microbial niches at different sites. Both skin and oral 
microbiomes are highly individual and relatively stable over time. As saliva and skin debris 
are often found at crime scenes, the analysis of their microbiome may represent a potential 
tool for personal identification. However, there are some gaps in knowledge on how factors 
such as age, sex, geographic origin, diet and pathologies can affect the composition of the 
microbiome.The aim of this study is to improve the existing knowledge by examining oral 
and skin microbiomes from the same individuals and evaluating the variability between 
anatomical sites and individuals. 50 Italian subjects of different sex and age were enrolled in 
the study. Oral swabs were taken together with information on diet, lifestyle and health 
status. The skin of the dominant hand was swabbed for 11 of the 50 individuals. DNA was 
extracted, quantified, amplified (V4 region of the 16S rRNA gene) and sequenced via 
Illumina MiSeq. Data analysis was carried out with QIIME 2 and R. 
 
Results showed the bacterial species richness and diversity in skin microbiome of the study 
subjects was higher in comparison to their oral microbiome. Analysis also showed that the 
oral and skin microbiomes were very distinct. Qualitative analyses on the oral microbiome 
showed relationships between the abundance of specific phyla and certain grouping 
conditions: Proteobacteria may reveal information on smoking habits; Spirochaetota and 
Synergistota may be biomarkers of age. This research outlines the potential use of oral and 
skin microbiome signatures as added evidence in personal identification, providing useful 
investigative clues for future forensic casework. 
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 The microbial communities of whose shoe sloe and shoeprint may carry microbial 

information of the walking place. However, collecting soil of shoe sole and shoeprint is a 
mixture of soil from floor of crime scene and the previous walking place. The problem may 
limit their forensic application in reality. This preliminary study aimed to test geographic 
predictability of shoe sole and shoeprint based on microbial characters at indoor crime 
scene. The 16S rRNA gene high-throughput sequencing was used to characterize the 
microbial communities of shoe sole, shoeprint, indoor floor and different outdoor walking 
places. The result showed that microbial communities of shoe sole and shoeprint mainly 
(shoe sole, 86.21% ~ 92.34%; shoeprint, 61.66% ~ 90.41%) come from outdoor walking 
place, a small portion (shoe sole, 0.68% ~ 3.33%; shoeprint, 1.43% ~ 27.14%) comes from 
floor microbial communities of crime scene (indoor). We could exactly infer the outdoor 
walking place based on matching rate of microbial communities between the outdoor 
walking place with shoe sole or shoeprint. Our study was expected to benefit for introducing 
new potential forensic tool with a focus on establishing links between a suspect and the 
crime scene. 
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microbiome analysis of skin and saliva 
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 Microbiome studies recently have proceeded in many fields such as health care and medical 

science, but not many in forensics. Microbiome analysis can provide investigative 
information such as geolocation and ancestry of the suspect when STR profiling was failed 
and no suspects available. In this study, DNA extraction and sampling methods from skin 
and saliva samples were optimized for the construction of the Korean Forensic Microbiome 
Database (KFMD). DNA yields were estimated using four DNA extraction kits (two 
automated kits; Maxwell® FSC DNA IQ™ Casework Kit and PrepFiler™ Forensic DNA 
Extraction Kit, updated and manual kits; QIAamp DNA Mini Kit and QIAamp DNA Micro 
Kit) commonly used in forensic DNA profiling laboratories. 16S rRNA V4 region was 
sequenced using NGS to analyze microorganism communities of samples. Bacterial 
Transport Swab with Liquid Media (NobleBio), two cotton swabs (Poong Sung and 
Puritan), and nylon flocked swabs (NobleBio and COPAN) were tested for their DNA 
recovery. PrepFiler and Maxwell kits showed the highest yield of 3.884 ng/μL and 23.767 
ng/μL in scalp and saliva, respectively. Nylon flocked swabs performed better DNA 
recovery than cotton swabs; NobleBio and COPAN swabs showed 0.428 ng/μL and 2.337 
ng/μL in scalp and saliva, respectively. The relative abundance of the communities sorted by 
DNA extraction kits had similar contributions, but it had significantly different results 
between scalp and saliva. Lawsonella and Veillonella were the most abundant genus in each 
body part. As a result, Maxwell® FSC DNA IQ™ Casework Kit and Nylon flocked swab 
(NobleBio) were determined for DNA extraction and collection methods for microbiome 
analysis. 
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solution for soil microbiome analysis in forensics? 
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Ossowski, R. Ploski, R. Zbiec-Piekarska, P. P. Labaj, W. Branicki 

 *Jagiellonian University, Malopolska Centre of Biotechnology 
  
 Analysis of the human microbiome can be useful in forensic science in various aspects 

including human identification. Notably, recent studies have demonstrated the utility of 
environmental microbiome information for forensic DNA intelligence. Wider application of 
microbiome analysis in forensics requires an optimal method that can reliably differentiate 
the microbiome and provide high sensitivity of analysis.  
 
Here we developed DNA panels comprising 200 targets enabling microbiome analysis and 
tested these panels using two different approaches for target enrichment. PCR-based 
methods - Ion AmpliSeq™ and xGen™ Amplicon and hybridization capture-based method - 
KAPA HyperCap™ were assessed. We experimentally tested sensitivity of these methods 
on soil samples. DNA from 6 soil samples, collected from various locations in Poland, were 
extracted using DNeasy PowerSoil Pro Kit. Libraries were made in triplicates and sequenced 
on Ion GeneStudio S5™ System or MiSeq™ System.   
 
In conclusion, our study indicates the superiority of the hybridization capture-based target 
enrichment method over PCR-based approach. The KAPA HyperCap™ method has 
demonstrated highest sensitivity with the ability to obtain reliable results in the range from 
100 ng to 1 ng DNA input.  
 
In addition, our research highlighted potential problems that can occur during library 
preparation and sequencing using PCR-based approach. 
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 *Jagiellonian University, Malopolska Centre of Biotechnology 
  
 Over the past few years, several studies on the urban microbiome have been conducted and 

have shown that different parts of the city have different microbiome profiles confirming 
that metagenomics can be a useful tool in forensic investigations.    
 
The aim of this study was to evaluate various sequencing technologies - PCR-based or 
hybridization capture-based target enrichment - for their usefulness in correctly 
differentiating and accurately assigning metagenomics samples to their place of origin. Soil 
samples characterized by different physicochemical parameters were collected at various 
regions of Poland and subjected to whole metagenome sequencing. The obtained data were 
used to select 200 markers for which panels were designed and tested on the collected soil 
samples. The evaluation included: Thermo Fisher Scientific Ion AmpliSeq™, Integrated 
DNA Technologies xGen™ and Roche KAPA HyperPlus technologies.  
 
The assessment involved technical parameters of the assays, such as reproducibility, 
sensitivity and quality of the data, as well as practical aspects of the assays implementation 
in the forensic laboratories. Efficiency in properly assigning the studied samples to their 
places of origin will also be demonstrated. 

 
  



307 
 

P310 An innovative and efficient Reverse Complement PCR method for analysis of highly 
degraded DNA 

 Magdalena Bus*, Muenzler Melissa, Mandape Sammed, King Jonathan, Erik de Jong, Joop 
Theelen 

 *University of North Texas Health Science Center 
  
 Reverse Complement PCR (RC-PCR) is a novel, one-step massively parallel sequencing 

(MPS) target enrichment library preparation. RC-PCR allows for short amplicon design (50-
100 bases in length), making it a viable alternative to current methods for typing challenged 
forensic DNA samples. Current MPS protocols require library preparation involving 
multiple steps, including the opening of tubes and sample transfers, which increases the 
chance of contamination and potential DNA loss. However, in RC-PCR, all of these steps 
are combined in a single tube, one-step format to reduce labor and contamination risk. 
Indeed, sample preparation time for MPS sequencing has been reduced to less than one day 
with limited hands-on effort. This format makes the system ideal for implementation in 
case-working laboratories. So far, RC-PCR has been used to develop a short amplicon 85 
SNP-plex panel for human identification purposes in fragmented and low copy number 
DNA. RC-PCR was able to produce reliable and concordant SNP variant calls while 
demonstrating a substantial detection sensitivity. Given the diversity and high throughput of 
MPS, other types of SNPs (e.g., phenotype or ancestry informative SNPs) and other markers 
such as mitochondrial DNA (mtDNA) can be incorporated into the same multiplex system. 
The first attempt to design and develop the RC-PCR whole mitochondrial DNA panel 
resulted in substantial sequencing coverage of low copy number DNA samples and 
concordant mtDNA variant calls. RC-PCR provides forensic practitioners with an 
orthogonal, single tube whole mitochondrial DNA target enrichment method. The reduced 
number of steps in the MPS library preparation may prove beneficial for contamination-
prone and sensitive mtDNA analyses from human remains. 
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 Circulating fetal DNA in maternal blood can be used for non-invasive prenatal diagnostics, 

sex determination and paternity testing. As the presence of background maternal DNA 
interferes with the detection of fetal DNA, analytical methods require genetic markers 
capable of distinguishing by quantitative or targeted approaches the minor population of 
DNA molecules of the fetus. DIP-STR genetic markers, designed for DNA profiling of 
mixed biological evidence, can be used to target paternally inherited fetal alleles. Previous 
results using plasma samples from 48 women collected during the second and third trimester 
of pregnancy showed that DIP-STRs are sensitive enough for detecting circulating fetal 
DNA.  
 
In this study, we extended the validation of the method to the first trimester by including  
additional 90 samples collected as early as seven weeks of gestation. Results from both 
conventional blood collection tubes and tubes for stabilizing nucleated blood cells are 
compared. Finally, the appropriate statistical framework to calculate the paternity index is 
presented including the influence of various parameters such as the number of markers and 
their probability of being informative. 
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P312 Developmental validation of the EZ1&2® DNA Investigator® Kit on the EZ2® 
Connect FX 

 Mario Scherer*, Daniele Terramagra, Anke Prochnow, Amy Liberty 
 *Qiagen 
  
 The EZ1&2 DNA Investigator Kit is designed for automated purification of total DNA from 

samples encountered in forensic and human identity applications. Proven magnetic bead 
technology provides high-quality DNA, which is suitable for direct use in downstream 
applications, such as quantitative PCR amplification reactions, STR, or NGS analyses. 
Purified DNA is free of proteins, nucleases, and inhibitors. Pretreatment protocols are 
available for various casework or reference sample types. Instrument protocols are available 
to encompass different sample lysate volumes, normalized extraction, and lysates containing 
solid sample substrates. Up to 2 ml of sample lysate can be processed using a dedicated 
Large Volume Rack available for the instrument. Protocols have been developed for bones 
to enable the input of increased amounts of starting material to improve sensitivity. 
Furthermore, these protocols can be used to process casework items that require large lysis 
volumes, such as cartridge casings, tapes, or combinations of multiple swabs. The EZ2 
Connect Fx allows the elution of purified DNA in as little as 20 μl, providing maximum 
sensitivity for challenging samples. 
 
The performance of the EZ1&2 DNA Investigator Kit was evaluated with regard to various 
sample types and conditions commonly encountered in forensic and parentage laboratories. 
Sensitivity, reproducibility, accuracy, stability, and freedom from cross-contamination were 
tested. Typical casework sample types were extracted. The validation study was based on 
the recommendations, where applicable, of the European Network of Forensic Science 
Institutes (ENFSI), and on the Validation Guidelines of the Scientific Working Group on 
DNA Analysis Methods (SWGDAM). 
 
We show data of the developmental validation of the EZ1&2 DNA Investigator Kit on the 
EZ2 Connect Fx. 
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P313 Addition of an adipose markers to the organ tissue identification mRNA assay 
 Titia Sijen*, Margreet van den Berge 
 *Division of Biological Traces, Netherlands Forensic Institute, The Hague, The Netherlands 
  
 At the Netherlands Forensic Institute, currently two mRNA profiling assays are regularly 

used in casework. These are a body fluid and an organ tissue identification assay denoted 
Organtyper. The Organtyper is often requested in violent cases, for instance when knives or 
bullets are involved or when spatter of tissue-like structures is found on e.g. clothing of a 
suspect. Occasionally, these tissue-like substances have an adipose-like appearance but the 
previously published version of the Organtyper assay only contained mRNA makers for 
brain, lung, liver, skeletal muscle, heart and kidney tissue and lacked markers for adipose. In 
order to identify adipose tissue, three potential adipose markers (SCD, ADIPOQ and 
TRARG1) were examined. After assessing the specificity of the markers on a range of organ 
tissues and the performance on different adipose donors, one marker (TRARG1) was added 
to the Organtyper assay. The inclusion of this adipose marker is of added value especially in 
violent crimes, as adipose cells on violent objects may indicate perforation. We have applied 
the new Organtyper assay in 15 cases on 41 forensic samples and detected adipose in 10 of 
which three were knives, the remaining were either cloths or bed sheets. 
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P314 Forensic DNA methylation-based age estimation: ENDGAME 
 Anastasia Aliferi*, David Ballard, Sudha Sundaram, Ana Freire-Aradas, Christopher 

Phillips, Maria Victoria Lareu, Denise Syndercombe Court 
 *King’s College London, Department of Analytical, Environmental and Forensic Sciences 
  
 Following the success of DNA sequencing-based methods for the prediction of appearance 

and biogeographical ancestry, the last decade saw a rise in forensic interest for the 
estimation of chronological age from body fluid traces. The discovery of epigenetic 
biomarkers for age, coupled with the evolution of sequencing technologies, has since 
allowed for the development of multiple methods for DNA-based age estimation. 
Combining current research findings, as well as previous work on utilising massively 
parallel sequencing (MPS) for DNA methylation analysis, this work introduces an age 
estimation method for blood traces based on 11 markers and machine learning modelling.  
In its journey towards forensic application, this method was scrutinized in terms of (i) age 
prediction accuracy, (ii) applicability to populations of different biogeographical ancestry, 
(iii) sensitivity and (iv) susceptibility to biases relating to sex and medical conditions. 
During validation, the accuracy of the model was assessed in both UK (n=112) and Spanish 
(n=88) populations, while the performance of the method was tested at DNA inputs as low 
as 1 ng (~0.2 ng post bisulphite treatment). Furthermore, potential biases introduced by sex 
and/or medical conditions such as schizophrenia, arthritis, dementia, and Parkinson’s disease 
were assessed at the individual marker and model level using data from targeted sequencing 
(n=112) and microarrays (n=3,375). Findings from these analyses demonstrate the superior 
accuracy, sensitivity, and robustness of this method, bringing it one step closer to casework 
application.  
 
This work describes one of the first attempts to validate a prominent DNA methylation-
based age estimation tool for application to forensic casework and beyond. By addressing 
crucial questions relevant to the forensic field, the findings of this research pave the way for 
the next steps towards safeguarding the future of this type of predictive tool in forensic 
science. 
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P315 Who's there? DNA on the inside door handles of entrance doors 
 Martin Zieger*, Colin Charles Tièche, Markus Dubach 
 *University of Bern 
  
 If a crime happens in an apartment, the perpetrator will often leave the crime scene by the 

entrance door. It might therefore be the last person to touch the inside door handle. 
However, what if we can detect his DNA profile and he claims that he has been at the place 
as a visitor the day before the crime happened? After years of extensive research on DNA 
transfer and persistence we all know that general claims like "the last who touched leaves 
the most DNA" do not hold true. But who's DNA do we find on door handles that are 
usually used several times per day by the inhabitants? To assess this question, we sampled 
inside door handles from real-life burglaries and at the same time collected reference 
samples from all the inhabitants, to determine if we can detect any profiles from non-
inhabitants. We also searched to evaluate how often we detect the person who last touched 
the door handle as a (major) contributor. We could establish CODIS-suitable profiles for 1/3 
of the samples. For more than half of them, the major contributor was the last who touched 
the inner door handle. However, we also detected a major profile from an unknown non-
resident. 
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P316 Quencher-labeled RNase H2-dependent probes for short tandem repeat genotyping 
 Sonja Skevin*, Olivier Tytgat, Maarten Fauvart, Tim Stakenborg, Dieter Deforce, Filip Van 

Nieuwerburgh 
 *Ghent University, imec 
  
 Forensic Short Tandem Repeat (STR) genotyping is almost exclusively performed by 

capillary electrophoresis (CE) in specialized laboratories. In some cases, such as crime 
scenes or mass disasters, a quick and portable assay would optimize the process of profiling 
the involved individuals. As an alternative to CE, and to enable miniaturized lab-on-a-chip 
STR profiling, we developed the QueSTR probes, a hybridization-based genotyping assay 
that relies on the recognition and cleavage of an RNA:DNA duplex by the RNase H2 
enzyme. For each STR allele to be genotyped, a matching DNA probe containing one RNA 
moiety is designed. After performing asymmetric STR PCR, a hybridization curve analysis 
indicates the matching probe(s), and thus indicates the allele(s) present in the sample. 
Accurate genotyping of 13 samples was obtained using the QueSTR probes for three CODIS 
core loci (D16S539, D7S820, and TH01). A probe corresponding to the TH01 9.3 allele was 
included to demonstrate accurate genotyping, even in the presence of a partial repeat. The 
QueSTR probes are a valuable option to miniaturize STR genotyping in lab-on-a-chip 
devices that cannot harbor a CE analysis. 

 
 
 


