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INTRODUCTION

The detection and deconvolution of mixtures is an ongoing focus of
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MATERIALS & METHODS

Table 1: Mixture Samples

multiplex more and multiple types of genetic markers. These benefits may be
most noticeable when dealing with highly degraded or low-template DNA
samples, where smaller amplicon sizes and larger combined multiplexes
including SNP and STR markers may result in much more informative
analyses.

While CE mixture analysis is currently aided by probabilistic genotyping
software for more complex mixtures with high numbers of contributors, one
potential disadvantage of NGS is that there currently is no probabilistic
genotyping software available. However, binary deconvolution tools similar
to those used for CE are available for NGS as well. ArmedXpert™
(NicheVision) is a widely used CE analysis software with binary mixture
deconvolution functions (Figure 1), and MixtureAce™ (NicheVision) is the
comparable tool for NGS. MixtureAce™ arranges NGS sequence data in a
familiar format resembling an electropherogram.

This study aimed to assess the potential benefits and limits of NGS when
used for mixture detection. It analyzed both mock forensic and mixture
samples using CE and NGS technologies, and compared them in metrics
including concordance, limits of detection, and mixture analysis.

Sample Types: Three types of samples were used: buccal swabs for the sensitivity and mixture studies and mock forensic samples.
TagMan™ Control Genomic DNA (Applied Biosystems) was used for the sensitivity dilution series. Buccal swabs were collected via
self-swabbing. The mock forensic samples included 22 previously extracted buccal, bone, muscle, hair roots, and blood spots from the
Southeast Texas Applied Forensic Science Facility. 2-4 person mixtures were created in varying proportions from 1:1 to 40:1 according
to Table 1.

DNA Extraction: Buccal samples were extracted using the EZ1® DNA Investigator® Kit (QIAGEN) with purification on the EZ1®
Advanced XL using the Trace protocol.

DNA Quantification: Samples were quantified using the Investigator® Quantiplex® Pro DNA kit (QIAGEN) on a 7500 Real-Time PCR
System (Applied Biosystems).

Capillary Electrophoresis: A target of 1 ng was amplified using the GlobalFiler™ PCR Amplification kit (Applied Biosystems) with 29
cycles, then analyzed using a 3500 Genetic Analyzer (Applied Biosystems).

Sequencing: A target of 1 ng was amplified using the ForenSegq™ DNA Signature Prep Primer Mix A. Sample libraries were purified
and normalized using a bead-based protocol and pooled for analysis on the MiSeq FGx™ (Verogen).

Software Analysis: CE data was analyzed and deconvolutions were performed using ArmedXpert™. NGS data was analyzed and
deconvolutions were performed using MixtureAce ™. Non-mixture samples were analyzed using GeneMapper™ IDX v1.4 (Thermo
Fisher) and Universal Analysis Software v1.3 (Verogen).

RESULTS & DISCUSSION

Concordance
» All samples were concordant for length-based genotypes between the ForenSeq™ and GlobalFiler™
Kits
 In several bone and muscle samples, additional alleles were recovered using one amplification
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Input DNA * Average peak height ratio for autosomal STRs in NGS was 79.1% and in CE was 86.6% (Figure 4).

« While not statistically different, these differences may play a role in mixture interpretation.
« Stutter ratios for NGS used locus-specific thresholds, while CE analysis used allele-specific stutter

Figure 2: Sensitivity comparison of NGS and CE fllterlng
« 16 pg of input DNA was sufficient to recover the majority of CODIS eligible loci included in ForenSeg™ : :
> PY P PR . Jorty J d Mixture Interpretation
Signature Prep Kit Primer Mix A
16 pg and 8 pg inputs resulted in significantly higher recovery using NGS compared to GlobalFiler™ 45
(Figure 2). 0
Isoalleles Mixture NGS CODIS
35
_____________________________________________________________________________________________________________________________________________________________________ - 30
_____________________________________________________________________________________________________________________________________________________________________________ 2 s
S
_____________________________________________________________________________________________________________________________________________________________________________ ch) 20 5 83E418 1 256410 | 4630F+11
_____________________________________________________________________________________________________________________________________________________________________________ % 15
______________________________________________________________ I B = 10 3.32E+18 8.94E+12 8.8174E+7
______________________________ . 5 e oo N
10RT [11 OD.WO| [11 ZX 12QXKL| [13MR| [130X]| [14HIBK[14QXYO| [15BR| [15HI [16 HLJF ' 0
2|1 i AT T S o pel h: i 1:1 2:1 5:1 10:1 20:1 40:1
40:1 1.11E+10 6.31E+07 2.8934E+9
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electropherogram (Figure 3).
 MixtureAce™ displays alleles separated by both length and sequence, with each sequence assigned a
two-letter code. .

Figure 5: Allele recovery at various 2-person mixture ratios in NGS and CE Table 2: Random Match Probability calculations for 2-person mixtures

In 2-person mixtures, all mixture proportions down to 40:1 were detected in both ArmedXpert™ and

MixtureAce™ (Figure 5).

 There were 38 possible unique minor alleles with NGS and 27 with CE, which provided noticeable
advantages at mixture ratios closer than 20:1.

« At 20:1 and 40:1 ratios, NGS and CE produced similar RMPs in CODIS-eligible loci, and NGS

consistently generated higher RMPs using all available loci (Table 2).

CONCLUSIONS

Advantages Disadvantages

* More autosomal STRs « Elevated stutter (thresholds)

* Includes Y-STRs and X-STRs « Peak height ratio variability

» |soalleles provide better match statistics « Lack of probabilistic genotyping systems A C K N O W L E D G E M E N T S
* Less allele masking
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Recommendations
* Implement probabilistic genotyping
« Simplified assay design (ForenSeg™ MainstAY)
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