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Stutter artifacts were characterized by i) stutter direction (minus and plus), ii) motif step change (one or two), iii) repeat structure (simple vs complex), iv) 0.30 D151656 030 D151656 030 sEa3
ordinal rank of the repeat motif (LUS versus SLUS; second longest uninterrupted stretch), and v) relative contribution of the LUS to the total number of repeat © o yesmecozs o o . .
motifs in an STR allele. Each of these features was shown to improve ordinary least square (OLS) models for some loci as measured by total coefficient of o ’ o oo o T _
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Stutter ratio (SR) models improve when using the longest uninterrupted stretch (LUS) rather than allele number as the independent variable [1]; when e " & ° o . 3 °o %
modeling at the allele level versus locus-level [2], or when using GLM models such as Beta regression [3]. The ability of massively parallel sequencing (MPS) X * x ot o © $
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to detect amplicon sequences facilitates further sequence-aware fine tuning of SR models [4]. ¥ % 8
MPS technology offers better sensitivity and better allele/artifact discernment than CE methods. However, stutter artifacts generated by MPS are more R P o 10  u 1w 1 w13 . 1w s s e 7 s o 1o m 2 o1 o 1 . v o1 1 . 2 2 23 2
complicated to interpret and filter than artifacts generated by CE because a wider range of artifacts can be observed. Therefore, software for analyzing MPS o e -
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data must be sequence-aware to be effective in filtering and displaying stutter and non-stutter artifacts during profile review. Many stutter artifacts revealed
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by MPS are likely present in CE profiles also, but are commonly unobserved because they are below threshold, or stack with other artifacts or alleles (e.g., 007
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0.06 o 0.06 A o . o
0.05 o 0.05 ff | ¥=0.014x-0.074 0.20 o g © °
Z ° o ' o X ®
-1 b ) -2, +1 Step MOdeIs o 0.04 2 0.04 an 8 ° §n15 g ° o
g % o o . ¥=0.004x-0.021 § ’ ': %o
g g 0.03 % A °c % A 0 et R’=0.106 &a o ‘.j L
0.14 0.35 D18S51 9 0.03 o U A%ﬂ- o i, ] _ - % c(58 %
) . AL - 0.001er 0,015 @ e ¥=0.005x-0.029 0.10 "0 o T )
vl I — . vomeoos B o8 e B Eem
012 x.x 030 ¥ =0.0144x-0.0882 o " + . & @ % § i% O o [:iffi"l'gf?g
" g R*=0.7086 gy . 0.05 (o] % fK X
0.10 e 0.25 )
;j ‘%:‘xx ° 0 oo 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 ® D9S1122 0 6 7 8 9 10 11 12 13 14
§ 0.08 ® sEz3 :%1178.3315%2?13353 con i:: 0.90 > Minus-1 Ratios 6 7 8 9 :Jus 1 12 13 14 LUS LUS
§ ® D213l lc482 @@ PENTAE .................................... R=0.1832 5 0 Al Alleles O[TCTA]10-13  +[TCTAJ10-12TITA[TCTA]2 A [TCTA]8-12TCTG[TCTA]L @ [TCTAJ4TCA[TCTA]7-8 OSimple X Complex
g 0.06  o7saane DastsE-iii x D123391.0D831179. D151656 & 0.5 SE33

Studies using capillary electrophoresis have noted a non-linear minus-1 stutter for some loci, especially D2S441 where non-
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" o e o o B S oot 0010m linearity drives a negative slope for regression of all stutter ratios vs LUS. Considering allele composition can improve models.
o 028441 = o D¥s3o1 TR o g R-04e22 D1S1656: Total R2increased from 0.12 to 0.48. D2S441: Total R2 increased from 0.57 to 0.78 and regression slopes are positive.
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SE33: Total RZ2increased from 0.27 (top) to 0.71 (middle) when
considering allele composition. Further subdividing complex
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Allele exhibit similar ratios at most loci and show low dependency on allele LUS. Data points Data points represent instances where both stutter types were observed at the same locus. e
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Locus and allele-level models for D20S482. Allele- and locus-level thresholds are 2 and 3 D2S1338 allele profile of a 10:1 mixture using MixtureAce software

standard deviations from the locus mean and allele regression line respectively. (NicheVision). Alleles are labeled on a sequence basis using SID

nomenclature comprised of allele numbers and SID letters (NN_LL).

Materials and Methods

The statistical properties of OLS estimators are suboptimal when used with non-
normal (untransformed) ratio data. However, simple OLS models have the
advantage of explainability [6] when interpreting and defending forensic profiles.

Regression models were developed using 175 single source samples from African American, Caucasian and Hispanic subpopulations along with standard
DNAs 2800M and 2391d-C. Sequencing was performed using the OmniSTR kit (NimaGen™) and MiSeq™ instruments at Florida International University and
NimaGen™ following vendor recommendations. Data Analysis: Sequencing error was filtered, and reads were classified into 12,833 distinct sequence
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types (DSTs), each with a read count intensity (RCI) using MixtureAce™ (NicheVision). Alleles and artifacts were identified using MPS Stutter Finder™ When applied to allele subpopulations on a sequence-aware basis, OLS models can
. .. . . . . . . . y ’ . . . . . . . . . D2S1338 profile of a 10:1 mixture with both alleles and artifacts
(NicheVision). All modeling was restricted to stutter artifacts that were unambiguously associated with a single “parent” allele. Stutter ratios were defined iImprove the accuracy of allele and artifact determinations in forensic profiles. marked using MixtureAce. Stutter and non-stutter “child” artifacts
as SR = RCI_ i/ RCl .- OLS Models: The independent variables were LUS, or SLUS and the dependent variable was untransformed SR. Stutter calls were Final evid bout mixed il ted | tis likely t ; are attributed to “parent” alleles using a dot and tic convention
manually evaluated by subject matter experts using MixtureAce CSV reports and bar chart displays (i.e., MPS electropherogram equivalents). Ina ev.l. elj]ce abou .mlxe Profiies presente In.Cour IS LUKELy 10 _Come 'jom . (i.e., PP.CC and PP CC signifying parent-child pairs). Sequencing
probabilistic genotyping products such as STRmix NGS (ESR). Failure to identify and errors were intentionally uncorrected to show those artifacts.
remove unexplained artifacts can degrade LRs generated by probabilistic genotyping 25133
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