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R E V I EW S

PCR-based methods. DNA amplification by PCR pro-
vided an enormous increase in sensitivity, allowing
minute amounts of degraded DNA to be analysed, and
now forms the basis of all forensic DNA typing. Early
PCR-based systems targeted a small number of SNPs
in the HLA-DQA1 GENE7. Although these systems were use-
ful when the SLP technology failed, discriminating
power was low and mixtures were difficult to interpret.
Consequently, there was a period when both PCR and
SLP tests were done in parallel. It was the discovery of
SHORT TANDEM REPEATS (STRs), discussed in the next sec-
tion, together with the introduction of automated
sequencing technology, that led to the current power-
ful systems for individual identification. Subsequently,
the use of STRs supplanted both the early PCR and
SLP tests worldwide once their advantages of high dis-
criminating power, sensitivity and ability to resolve
simple mixtures were realized. In addition, the time
needed to carry out an analysis was greatly reduced.
Reduction of costs resulting from partial automation
paved the way for the creation of national STR DNA
databases.

eliminated by a preliminary test for conventional protein
markers were recruited for DNA testing. Pitchfork
showed prescience in realizing the power of DNA analy-
sis: he attempted to evade the screen, but his evasion was
detected, and when his profile was shown to match those
from the crime scenes, he pleaded guilty to the killings.

Methods in forensic genetics must surmount several
hurdles before being applied to casework. First, tech-
niques must be adapted to work on samples that are not
pristine and are often limited in quantity. Second, exten-
sive validation is required to demonstrate robustness,
to pass the test of admissibility in court6 (admissibility
criteria and legislation differ between countries and even
among states in the United States). Finally, quality man-
agement systems must be implemented once processes
are introduced into casework: external accreditation of
forensic laboratories to internationally recognized stan-
dards (such as ISO17025) is a prerequisite. Because of these
constraints, adoption of new technical developments can
sometimes be slow. For example, SLP technology was still
widely in use long after methods based on the polymerase
chain reaction (PCR) were developed in 1988.

ISO17025

A global standard, established by
the International Organization
for Standardization, for the
technical competence of
calibration and testing
laboratories (see Online links
box).

HLA-DQA1 GENE

A polymorphic gene within the
MHC class II region on
chromosome 6, encoding a
human leukocyte antigen cell-
surface protein.

SHORT TANDEM REPEAT

A DNA sequence containing a
variable number (typically ≤50)
of tandemly repeated short (2–6
bp) sequences, such as (GATA)n ;
forensic STRs are usually
tetranucleotide repeats, which
show little PCR stutter.
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Figure 1 | Sources of human genetic variation used in forensic analysis. Further details of the properties of different loci can
be found in the text. Heteroplasmy describes the presence of two or more different mitochondrial DNA sequences in the same cell,
or individual. FBI CODIS, US Federal Bureau of Investigation Combined DNA Index System; HVS, hypervariable site; Mb,
megabase; mtDNA, mitochondrial DNA; SGM, second generation multiplex; STR, short tandem repeat.
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Applied Biosystems (18) 
AmpFlSTR Blue (1996)  
AmpFlSTR Green I (1997)  
Profiler (1997)  
Profiler Plus (1997)  
COfiler (1998)  
SGM Plus (1999)  
Identifiler (2001)  
Profiler Plus ID (2001)  
SEfiler (2002)  
Yfiler (2004)  
MiniFiler (2007)  
SEfiler Plus (2007)  
Sinofiler (2008) - China 
Identifiler Direct (2009)  
NGM (2009)  
Identifiler Plus (2010)  
NGM SElect (2010)  
GlobalFiler (2012) 
 
Qiagen (10) 
Kits in 2010 primarily 
selling in Europe. 
 
Due to patent 
restrictions cannot  
sell in U.S 

Promega Corporation (17) 
PowerPlex 1.1 (1997)  
PowerPlex 1.2 (1998)  
PowerPlex 2.1 (1999)  
PowerPlex 16 (2000)  
PowerPlex ES (2002)  
PowerPlex Y (2003) 
PowerPlex S5 (2007)  
PowerPlex 16 HS (2009)  
PowerPlex ESX 16 (2009)  
PowerPlex ESX 17 (2009)  
PowerPlex ESI 16 (2009)  
PowerPlex ESI 17 (2009)  
PowerPlex CS7 (2009)  
PowerPlex 18D (2011)  
PowerPlex Y23 (2012)  
PowerPlex 21 (2012)  
 
PowerPlex Fusion (2012) 
 
Investigator kits  
ESSplex  
ESSplex SE  
Decaplex SE  
IDplex 
Nonaplex ESS  
Hexaplex ESS • HDplex  
Triplex AFS QS  
Triplex DSF 
Argus X-12 

Commercially	
  available	
  STR	
  kits4	
  

The 24-locus multiplex system allows co-amplification and fluorescent 
detection of 23 STR loci and Amelogenin in less than 2 hours, enabling up 
to 9 orders of magnitude more discrimination power than previous 
generation kits. They include the STR loci in CODIS and the ESS, as well as 
five additional loci commonly used in commercial kits. 

The difference between the kits PowerPlex Fusion and GlobalFiler is that 
GlobalFiler utilize a new 6-Dye Matrix Standard, allowing the expansion of 
available space and the incorporation of additional markers. But in order 
to make possible the analysis, sequencers should be changed in labs.  

The	
  newest	
  ones5,6	
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Genotyping workflow  To obtain a reference DNA profile3 
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Introduction 
Forensic science is a specialization that aims to help judges and juries solve legal issues, not only in 
criminal law but also in civil cases. The field is very diverse, crossing the boundaries between lots of 
disciplines. 

DNA analysis has evolved to become an indispensable and routinely part of modern forensic framework, 
because as all living things contain DNA, and all DNA exhibits variability both among and within species, 
any biological material associated with a legal case carries in it information about its source.1  

Extremely sensitive PCR-based techniques are used to analyse the samples, in order to provide unbiased 
information. The most widely used form of DNA testing involve the genetic variants called short tandem 
repeats, and there are a large variety of robust commercial kits available for its amplification.2 But we 
must also consider that genetic profiles also have interpretation challenges, either to problems inherent 
to the samples or the procedures. 

Sources of ambiguity in STR interpretation 

Figure 2 | Comparison of electropherograms illustrating autosomal STR profiles with abnormalities 
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Variability in DNA allows for precise determination of the source, thus analysis of chromosomal and mitochondrial DNA and 
polymorphisms in the X/Y chromosomes are invaluable to solving cases of dubious paternity and criminal identification in forensics. 
The availability and robustness of STR commercial kits makes them key aspects of amplification at a forensic scale. However, more 
studies are needed to implement other methods such as multiplex analysis of SNP. Besides the statistical analysis of data obtained 
through genetic profiling, it is mandatory to acknowledge and discriminate those problems inherent to samples and the procedure 
in order to have a precise and coherent result. Thus, the presence of controls in each step of the analysis is vital. 
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