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Learning Overview: After attending this presentation, attendees will understand the considerations for calculating multi-marker statistics in kinship 
and routine forensic cases. 

Impact on the Forensic Science Community: This presentation will impact the forensic science community by ensuring attendees have an improved 
understanding of the statistical considerations for combining results across loci/markers, and ForenSeq™ users in attendance will receive actionable 
guidance. 

Analyzing signs of linkage disequilibrium among population samples and father-son pairs will inform decisions regarding statistically combining 
markers. 

Significant progress has been made in the past five years in developing the assays, bioinformatic methods, and population frequency data needed for 
the implementation of routinely sequencing STR markers. In addition, the forensic community is determining the utility of sequencing identity SNP 
markers, the smaller targets of which can outperform STRs in degraded samples. When both autosomal STR (auSTR) and autosomal identity SNP 
genotype data are present for a casework sample and these genotypes are consistent with a person of interest, laboratories are faced with the new 
challenge of reporting match statistics for a combination of marker types. 

At this time, the most likely combination of markers to be genotyped concurrently, due to commercial availability, are the 27 auSTR and 94 Identity 
Informative SNP loci included in the Verogen ForenSeq™ DNA Signature Prep Kit. In the associated software user guide, the manufacturer indicates 
that the 121 autosomal genetic identity markers generally meet expectations of independence at the population level but may not be independent for 
the purposes of kinship analysis.1 In such cases, they recommend either the use of haplotype frequencies for the pair of loci or performing the calculation 
using the more informative of the two loci within a particular case. 

Tillmar and Phillips discussed the issue of linkage and provided a method for evaluating the effect of linkage in identity and relationship testing.2 
Regarding Linkage Disequilibrium (LD) assessment, this study provides tables of locus pairs within 0.5cM and evaluated these pairs for signs of LD 
with HapMap data and proxy SNPs as needed (e.g., for all STR loci). For the 121 ForenSeq™ STR and Identity Informative SNP loci, this study reported 
five pairs located within 0.5cM of one another and none showed signs of LD. 

In this study, LD evaluation will be performed between these 121 SNP and STR loci using National Institute of Standards and Technology (NIST) 
population sequence data for approximately 1,400 samples, including 400 father-son pairs (auSTR data reported).3 This analysis is representative of 
the use-case, as it will not require proxy SNPs, and it will be based upon the STR sequences, which are expected to be used for forensic casework 
calculations. In addition to outlining a method that can be reproduced for other current or future assay/marker combinations, this work will provide 
refined guidance to ForenSeq™ users on statistically combining results in identity and kinship cases. 
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