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After attending this presentation, attendees will understand how the likelihood ratio can be used to
assign statistical weight to comparisons between DNA evidence profiles and profiles from known
individuals. This method is appropriate for low or high template samples, for single source samples or
mixtures, for degraded or pristine DNA, and for scenarios with multiple sets of results for the same sample.

This presentation will impact the forensic science community, as the analytic method presented allows
quantitative comparison between evidence and exemplar profiles when degradation and/or allelic drop-out
may have occurred.

The generation of DNA profiles from small amounts of skin cells or degraded body fluids was historically
not feasible. However, with the advent of more sensitive molecular technologies, it is now possible to
obtain genotypes from these samples. The generation of STR profiles

from low-template or degraded DNA samples may be accomplished by several methods, such as increased
PCR cycle numbers (Findlay et al. 1997; Gill et al. 2000),'? nested PCR (Taberlet et al. 1996),% and
purification of PCR product (Smith and Ballantyne 2007).* Using increased PCR cycle numbers, full STR
profiles can reliably be obtained from 25 — 50 pg of DNA; partial profiles may be obtained from even lower
quantities of starting DNA (Prinz et al. 2006; Caragine et al. 2009).5°.

While these advances have expanded the range of case types for which DNA evidence is useful, they
have also introduced new analytic challenges. The comparison of known DNA profiles to evidence samples
containing small amounts of DNA or degraded DNA can be challenging, as many of the results produce
mixtures and/or partial DNA profiles. Alleles from known contributors may be absent or, conversely,
extraneous alleles that cannot be attributed to known contributors may be present. These phenomena are
commonly known as allelic drop-out or drop-in, respectively. Due to a higher occurrence of allelic drop-out and
drop-in with low template or degraded samples, relative to high template or robust samples, the DNA
Commission of the International Society of Forensic Genetics (ISFG) cautions that standard STR analysis
methods may not be appropriate for low template samples (Gill et al. 2006)’.

The standard statistic calculated when evidentiary and exemplar STR profiles are identical is the
random match probability (RMP). The RMP can be used for single source evidentiary profiles and for mixtures
when individual contributors’ profiles can be deconvoluted (deduced). Two methods, Random Man Not
Excluded (RMNE) and likelihood ratio (LR), are commonly used to quantify the statistical weight of mixed DNA
profiles when contributors cannot be deduced. The DNA commission of the ISFG recommends the LR (Gill et
al. 2006),” as it uses more of the available data and parameters for allelic drop-out and drop-in can be
incorporated. That said, RMNE does not require specification of the number of contributors to a mixture and
the calculation is more intuitive; therefore, RMNE is easier than the LR to explain to a jury. However, RMNE
cannot be used if any of the exemplar profile alleles are missing from the evidence profile.

An analytic method has been developed for the comparison of evidence profiles from small or
compromised DNA samples to known profiles while accounting for the probability of allelic drop-out and drop-
in, starting with a framework similar to that presented in Curran et al (2005).®* The method compares the
probability of the evidence profile data under two competing hypotheses via a likelihood ratio. Specification of
the hypotheses is flexible and the method can include data from multiple replicates of an evidence profile.
Drop-out and drop-in parameters were estimated empirically in single source samples and in mixtures of DNA
from two to four contributors with 6.25 pg to 500 pg of starting DNA. Estimates were obtained from
purposefully degraded samples and from non-degraded samples.

The method has been implemented in a web-based software application. In this presentation, the
analytical strategy will be presented and the software’s performance will be demonstrated using mock
casework profiles.
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