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ABSTRACT: Thisreview explores the key factors that influence the optimization, routine use, and profile interpretation
of the SNaPshot single-base extension (SBE) system applied to forensic single-nucleotide polymorphism (SNP)
genotyping. Despite being a mainly complimentary DNA genotyping technique to routine STR profiling, use of
SNaPshot is an important part of the development of SNP sets for a wide range of forensic applications with
these markers, from genotyping highly degraded DNA with very short amplicons to the introduction of SNPs to
ascertain the ancestry and physical characteristics of an unidentified contact trace donor. However, this technology,
as resourceful as it is, displays several features that depart from the usual STR genotyping far enough to demand
a certain degree of expertise from the forensic analyst before tackling the complex casework on which SNaPshot
application provides an advantage. In order to provide the basis for developing such expertise, we cover in this
paper the most challenging aspects of the SNaPshot technology, focusing on the steps taken to design primer sets,
optimize the PCR and single-base extension chemistries, and the important features of the peak patterns observed in
typical forensic SNP profiles using SNaPshot. With that purpose in mind, we provide guidelines and troubleshooting
formultiplex-SNaPshot—oriented primer design and the resulting capillary electrophoresis (CE) profile interpretation
(covering the most commonly observed artifacts and expected departures from the ideal conditions).

KEYWORDS: Artifacts, capillary electrophoresis, CE, multiplex development, profile interpretation, single-base
extension, SBE, single-nucleotide polymorphism, SNP.

INTRODUCTION

Forensic SNP Analysis Is a Specialized and Complementary
Technique to Mainstream DNA Profiling
Single-nucleotide polymorphism (SNP) genotyping
has a relatively long history in the forensic genetics field
[1-5,7,11,12,15,16,19-23,27,28,32,33,35,36,39,40,43—
53,55,57,59—-61,72,75]. SNPs underlic most of the
protein polymorphisms originally analyzed in forensic
identification systems prior to the use of DNA
polymorphisms. However, with the advent of short tandem
repeat (STR)-based tests as the system of choice for
forensic DNA analysis, SNPs were only relevant when a
nucleotide variant altered the target sequence of a PCR
primer and a linked allele in the target STR dropped
out, causing a null allele. More recently, standalone
SNP assays have been suggested as supplementary
tests to STR analysis [2,23,34,43,59,61] that enable
amplification of very short PCR fragments from highly
degraded DNA samples [4,15,16,19,20,27,55,61,75],
or provide tests for the prediction of biogeographical
ancestry [11,39,49,51,52] and externally visible
characteristics [10,24,36,37,41,54,56,69]. SNPs also
provide complimentary data to STRs for the analysis of
complex pedigrees, particularly when such tests seek to
analyze distant family relationships or when the pedigree

is deficient [2,23,33,43,59]. One particular benefit of
SNPs in kinship analyses is their mutational stability,
with mutation rates three orders of magnitude lower
than those of STRs, giving a much lower probability of a
genotype incompatibility due to mutation that appears as
an exclusion.

Despite the simplicity of the binary variation of
SNPs and their evident benefits to forensic analysis, SNP
genotyping has yet to be widely adopted as a routine
forensic identification tool. So far, few laboratories have
incorporated SNP genotyping into routine analyses,
although a considerable number are actively developing
SNP sets for specific forensic purposes. One reason for the
slow uptake has been a lack of suitable SNP genotyping
systems and dedicated software for SNP data analysis.
Length polymorphisms such as STRs or Indels can be
readily genotyped by multiplex PCR using fluorescent
dyes linked to the PCR primers, followed by capillary
electrophoresis (CE) on validated automatic sequencers,
originally developed for sequencing. The CE signal data
is analyzed using well-established software that has
undergone refinement and optimization for more than
20 years. In a well-balanced multiplexed PCR, both the
intra- and interlocus electrophoretic signal balance is
reproducible and this simplifies data analysis as well as
aiding the interpretation of mixtures of multiple DNA
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