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Introduction

DNA analysisto genotypeidentity-informative areasof the humangenomeis one of the

mostimportanttools in the field of humanidentification Massively parallel sequencing
(MPS) hasimprovedupon capillary-electrophoresipasedtechnologyby offering higher

throughputand the ability to multiplex different samplesand typesof markersin larger

numbers While targeting short tandem repeats(STRS) is the mainstay of forensic
caseworkdueto their high powerof discrimination,issueslike degraded|ow quality, or

low copy humbersamplescan makeamplification of STRsinefficient Forensicsamples
areoftenexposedo variousinsultssuchasUYV light, oxidation,andmicrobialactivity that

candegradeDNA fragments

Sampleswvhich are highly degradedr damagedften do not containsufficient DNA for
successfuPCRamplificationandproduceeitherno or only a partial STR profile. In such
casestargetingmarkersin smalleramplicons,suchas single nucleotidepolymorphisms
(SNPs)can overcomethis limitation. A sufficient numberof identity informative SNPs
(e.g., >50) may produceanidentificationprofile of similar specificityto thoseof STRs

The IDseek OmniSNP Identity
- Informative SNP Typing Kit targets 85
identity-informative SNPs (iiSNP9 in

ampliconsno longerthan 128 basepairs,
with 87% of the SNPsfoundin amplicons
less than 100 base pairs (Figure 1).

Additionally, the entire processof sample
iIndexing, adapter ligation, and
amplification occurs in a singletube,
reverse complement PCR reaction,
minimizing the numberof handlingsteps
and thus opportunitiesfor sampleloss or

contamination
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Figure 1. The majority of the SNP
amplicons in the new 85plex RC-PCR
panelareO100bpin length

Materials and Methods

Samples

Whole blood samples were obtained from 144 presumably unrelated individuals
representinghree major populationgroups (US CaucasianCAU, N = 48, Southwest
Hispanic,HIS, N = 48; African American AFA, N = 48).

RC-PCR Library Preparation and lllumina Sequencing

A total of 144 libraries were preparedfrom the three population groups using one
nanogranof DNA persample Indexing,lllumina adapteligation andamplificationwere
performed according to the ma n u f a c recomneendati®ns After amplification,
sampleswere pooledin equalvolumesand underwentcleanup with AMPure XP size
selectionbeads

Pooledlibrariesweredilutedto 9 pM andsequencedn the lllumina MiSeq FGx desktop
sequenceusing the MiSeq FGx StandardReagentKit with a readlengthof 2 x 121

Samplesvere sequenceaver threerunswith 48 samplessachand a fourth run with 40

samplesvhichincludedlibrariesfor resequencingndcontrols

Data Analysis

The FASTQ files were analyzeawith STRaitRazorOnline v.0.1.7. Forensicparameters
such as discrimination power (PD), polymorphism information content (PIC), and
heterozygositfexpectedHe andobservedHo) werecomputediusingin-housedeveloped
R script (v4.1.0). Additionally, allele frequencies,effective number of alleles (Ae),
heterozygotebalance (HB), and combined Random Match Probability (c(RMP) were
estimated RStudio (v20233.0.386) was usedfor bioinformatics analyseswith plots
renderedusing ggplo2. GeneticData Analysis 1.1 was usedto calculateFishersexact
testsfor pairwiselinkagedisequilibrium(LD) andHardy-Weinbergequilibrium (HWE) at
Individual loci. The estimateswere obtainedusing 3200 shuffling tests of the exact
significanceevels

P-valueswere correctedby Bonferroni To further investigateany flanking region variants,raw
FASTQ files werealignedto the humanreferencegenomebuild 38 (GRCH8) using BWA-MEM
algorithm The BAM files werevisualizedwith IntegrativeGenomicsviewer.

Results

Genotypecalls generatedby the OmniSNP panel comparedto those previously publishedwere
99.9% concordant Fourteenloci that were heterozygouan OmniSNP panel were found to be
homozygousdn the original ForenSedDNA SignaturePrep Kit data Additionally, therewas one
iInstanceeachof locusdrop out anddrop in. Averagesequencingeaddepthby locusrangedfrom
182.8x (SD = 1392x) to 120912x (SD = 53519x) with a meanvalueof 26648x (greendashedine)
andamedianvalueof 2137.1x (Figure?2).
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Figure2. Averagereaddepthby locus Greendashedine indicatesneanreaddepth

Theminor allele frequenciedor all loci by populationweregreaterthan0.1, exceptlocusrs740910
that had a value of 0.08 in the AFA population All the other loci showedrelatively uniform
distribution,highlightingtheir highly polymorphicnature(Figure3).
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Figure 3 Allele frequency by locus.

Average heterozygositiesincluding both observed(Ho) and expected(He), were similar acrossall
SNPsin thethreepopulationsHo = 0.44, 0.45, 0.43; He = 0.43, 0.45, 0.44; for AFA, CAU, andHIS,
respectively(Figured). ThelowestHo (0.17) andHe (0.15) wasdetectedn locusrs/40910in the AFA
population,whereasCAU andHIS populationgroupsexhibited Ho = 0.53, 0.40 andHe = 0.45, 0.50,
respectivelyat the samelocus The highestHo andHe weredetectedn locusrsl077683%ndwereat
similarlevelsin all populations AFA Ho = 0.66, He = 0.62, CAU Ho = 0.68, He = 0.63; andHIS Ho =
0.70, He = 0.65.
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Figure 4 Averageheterozygositieby locus and population

The resultsof sequenceadata analysesin population samplessuggestthat 81 SNPsdisplay robust
heterozygotebalanceand four SNP loci - rs430046 rs1490413 rs1015250 and rs9071100showed
alleleimbalancegseeFigureb). HeterozygotembalancewvasdefinedoperationallyasHB <0.5.
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Figure 5.Mean heterozygote balance loci included in theFRER 85plex panel.

The cRMPsfor eachof the three populationgroupswere 3.48 x 1033, 1.13 x 1034, and7.80 x 10
34 for the AFA, CAU, andHIS groups,respectivelyThese85 iiISNPsexceeddiscriminationpowerof
the CE-STR profiles determinedby various STR kits, approximatelyl x 102%, by aboutsevenand
eightordersof magnitudan AFA populationandCAU andHIS populationsyrespectively

No significant deviationsfrom Hardy Weinberg Equilibrium were observedin any of the three
populations(p<0.05). After calculatinglinkage disequilibrium, 258 locus pairs in the Caucasian
populationdeviatedirom expectation$p<0.05). No pairwisecomparisonsn the African Americanor

Hispanicpopulationsveresignificant After a Bonferonnicorrectionadjustingfor multiple tests,two

pairwise comparisonsn the Caucasianpopulation remainedsignificant (rs188651®&rs214955and

1s221956rs2269355.

Patternsobservedn PD and PIC valueswerein line with trendsobservedin heterozygosityacrossall
populationgroups
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Figure 6 Power of discrimination for each population by locus.

Conclusions

In this study, we evaluatedthe performanceof the
IDseekOmniSNPIdentity Informative SNP Typing Kit
on 143 samplesfrom three major populations The kit
producedhigh quality, robustdataacrossall populations
tested,supportingthe future use of RC-PCR chemistry @

In forensic genetics and human identification The

library preparationcan be completedin one day and B, |
producedcombinedrandommatchprobabilitiesranging | |
from 3.48 x 103 to 7.80 x 1034 for the three
populationsevaluatedn this study,whichis comparable
to or exceedghe discriminationpower of currentCE-
STR profiles The minor allele frequenciedor all loci
by populationwere greaterthan 0.1 with the exception
of locus rs740910 which was also observedin the
original literature
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