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Learning Overview: The goal of this presentation is to provide an overview of the models used in the probabilistic genotyping of NGS DNA profiles
and show the results of mixture deconvolution using these models.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by describing continuing efforts in
modeling of NGS profiles.

Forensic casework examination of biological samples often produces low-level, mixed, and complex DNA profiles. The process in which forensic
scientists analyze the DNA evidence typically involves the amplification of Short Tandemly Repeated (STRs) lengths of DNA using a polymerase
Chain Reaction (PCR) technique. Most commonly, the amplified products are separated by allele length using Capillary Electrophoresis (CE)
techniques, and the resulting signals are visualized as an electropherogram (epg), showing peak heights for observed alleles.

Recently laboratories are adopting NGS, also known as Massive Parallel Sequencing (MPS), for DNA profiling. One of the advantages of applying
NGS technology to forensic DNA typing is that the amplified STR products can be separated by the allele sequence rather than allele size. Sequenced-
based information can increase discriminatory power of STRs. This discriminatory power has been demonstrated by showing that the Random Match
Probability (RMP) was on average 700 times lower when considering sequence-based information, compared with using length-based allele
designation,' and hence the single-source Likelihood Ratio (LR) was, on average, 700 times higher.! Furthermore, many more informative markers
may be included in the PCR reactions including Y-chromosomal Short Tandem Repeats (Y-STRs), X-chromosomal Short Tandem Repeats (X-STRs),
Single Nucleotide Polymorphisms (SNPs), and phenotypic markers to aid investigation of no-suspect or human-identification cases.’

Despite the appeal of sequencing technologies, there are few published models for the interpretation of autosomal STRs in NGS-DNA mixtures using
probabilistic genotyping methods. At the time of writing, there is only one probabilistic genotyping software that has been modified to assist with the
interpretation of NGS DNA profiles, Whereas there are a number of probabilistic genotyping software implementations used to assist with the
interpretation of CE-DNA mixtures.>!!

While both CE and NGS methods use PCR techniques to amplify STRs, there are differences in the methodology that leads to differences in the
characteristics of the observed profile such as stutter rates, DNA degradation, and locus specific amplification effects. There are a number of studies
that have investigated these characteristics.!>!? The studies help the community better understand how continuous models used in the interpretation of
CE-DNA profiles may also be used for the interpretation of NGS DNA profiles.

This presentation describes the adaptation of the allele peak height model introduced by Bright et al. to develop an allele read count model for the
continuous interpretation of autosomal STRs in NGS DNA profiles.?’ Bright et al.’s model consists of three key parameters: template, locus-specific
amplification efficiencies, and degradation. In this adapted model for allele read counts, it considers how each of these parameters applies to NGS
DNA profiles and shows the improved modeling of allele read counts using informed locus-specific amplification efficiency priors in a Markov chain
Monte Carlo method.

This allele read count model is implemented in conjunction with the stutter modeling presented in Vilsen et al. and Cheng et al. into a probabilistic
genotyping approach, with the goal of showing some results of the continuous interpretation of NGS DNA mixtures.!3:!8
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