1

Current and future trends in
forensic molecular biology

Simon J. Walsh

1.1 Introduction

Forensic science is part of a process beginning at a crime scene and concluding
in a court room. This means that as one of the key forensic disciplines, the field
of forensic molecular biology resides within the complex and adversarial context
of the criminal justice system (CJS). The key areas of the CJS that are relevant
to the use of forensic molecular biology are the domains of law enforcement
and the justice system (Figure 1.1). Due to the intersection of these three
domains, changes and developments in one can have a resultant impact on the
other adjacent areas. Therefore, when considering the current and future trends
in forensic molecular biology it is important to do so not only from the perspec-
tive of their effect within the forensic field itself, but also from the perspective
of their interaction with neighbouring areas of the system. After all, it is in these
neighbouring areas that forensic outcomes are eventually put to use.

Forensic molecular biology has developed rapidly into a comprehensive dis-
cipline in its own right and, perhaps more so than any scientific advance before
it, has had a profound impact across the CJS. Within the forensic science disci-
pline, as expected, development has been science and/or technology driven. It
has followed a trend towards achieving greater sophistication, throughput and
informativeness for the DNA-based outcomes of scientific analysis. Develop-
ments in forensic molecular biology that have influenced law enforcement could
be thought of as operational developments as they predominantly apply to the
manner or degree that forensic molecular biology is utilized. As such, they typi-
cally have both a technical and policy-oriented basis. Progress in forensic biology
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Figure 1.1 A simplified representation of the areas of the CJS that are relevant to
forensic molecular biology. A large number of cases flow directly between the
police and legal domains (solid arrow) whereas a reduced number of cases flow
through the forensic domain (dashed arrow). Each of the three areas can be
thought of as intersecting and, as such, each has the capacity to exercise some
effect on the others

has also influenced the justice sector. This is characterized, for example, by the
iterative response of both the legislature and the courts to changes in the volume
and nature of forensic DNA tests. Throughout the history of the field there has
also been associated debate and controversy accompanying these legal develop-
ments. This reflects the array of socio-legal and ethical issues associated with
more widespread use of forensic molecular biology.

This chapter chiefly describes the process of development within the forensic
molecular biology field. It also touches briefly on the way such developments
intersect with the neighbouring fields of law enforcement and the justice system.
By considering developmental trends in this way the overall impact of changes
in forensic molecular biology can be appropriately placed in context, allowing
reflection on their effect to date and foreshadowing their potential effect in the
future.

1.2 Developments within the field of forensic
molecular biology

From the time the field settled on a uniform technological platform (Gill, 2002),
forensic molecular biologists have done a masterful job at extending the appli-
cability of this testing regime as far as conceivably possible. The discriminating
power of short tandem repeat (STR)-based tests has been increased by combining
up to 16 (Collins et al., 2000; Krenke et al., 2002) STR loci into a single polymer-
ase chain reaction (PCR; see Chapter 2). The sensitivity of the routine tests has
also been driven downward so that successful analysis is now achieved from as
little as 100 pg of starting template (Whitaker et al., 2001).
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Advancing the capabilities of the DNA methodology has also expanded the
range of criminal cases and sample types able to be successfully analysed. For
many years forensic molecular biology was limited to testing templates such
as blood, semen, hair and saliva. However, the increased efficiency of the
STR-based methods now means that DNA can be successfully analysed from
discarded clothing or personal effects (Webb et al., 2001), skin cell debris
from touched or handled surfaces (Van Oorschot and Jones, 1997; Wiegand
and Kleiber, 1997; Zamir et al., 2000; Bright and Petricevic, 2004), dandruff
(Lorente et al., 1998), drinking containers (Abaz et al., 2002), food (Sweet and
Hildebrand, 1999) and fingernail clippings and scrapings (Harbison et al.,
2003). Recent approaches such as reduced-amplicon STR analysis (Butler ez al.,
1998, 2003; Wiegand and Kleiber, 2001; Coble and Butler, 2005) and low copy
number (LCN) profiling (Gill, 2001a; Whitaker et al., 2001) have enhanced
reaction sensitivity even further and improved the ability to analyse the most
troublesome and highly degraded samples.

Many of the routine techniques have been adapted onto automated platforms
so as to facilitate high-throughput analysis and reduce the amount of sample
handling (Gill, 2002; Varlaro and Duceman, 2002; Fregeau et al., 2003) (see
Chapter 3). Computer-assisted data analysis has also further streamlined the
analytical process and reduced some areas of subjectivity, such as mixture inter-
pretation (Perlin and Szabady, 2001; Bill et al., 2005; Gill et al., 2005, 2006b)
(see Chapter 11). The next generation of laboratory instrumentation includes
micro-scale electrophoresis devices (Woolley et al., 1997; Mitnik et al., 2002)
that not only promise rapid analysis times but also allow for the possibility of
remote or portable laboratory platforms (Hopwood et al., 2006).

The observable trend in the development areas mentioned above is that they
are all directed towards improving the ability to undertake routine DNA-based
identity testing. Whilst this refinement of routine typing technologies is of vital
importance, it has meant that for the most part the field has sought only one
dimension of information from biological evidence samples. Through recent
research into the physical and genetic properties of human DNA this is now
changing, allowing the forensic field to diversify its capabilities and begin to
address questions beyond the identification of source.

There are already several examples of forensic molecular biology applications
that either apply different forms of typing technologies or address a different
line of genetic inquiry via new polymorphisms or loci. One such area is non-
autosomal DNA profiling, particularly the analysis of mitochondrial DNA
(mtDNA) and Y chromosome markers (see Chapters 7, 8 and 9). Whilst mtDNA
analysis has been widely used in human evolutionary biology for a number of
years (Cann et al., 1987), its routine application to forensic work has been
consistently evolving. In forensic science, mtDNA is most often analysed in
circumstances where nuclear DNA fails to give a result, such as in the analysis
of telogenic hairs (Wilson et al., 1995), nail material (Anderson et al., 1999)
and bone (Bender et al., 2000; Edson et al., 2004) or when distant relatives
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must be used as reference (Gill et al., 1994; Ivanov et al., 1996; Pfeiffer et al.,
2003). Analysis typically involves direct sequencing of the hypervariable regions
1 and 2 (HV1 and HV2, respectively) (Tully et al., 2001) although SNP-based
approaches offer the potential to complement or substitute the need for sequenc-
ing (Budowle et al., 2004; Coble et al., 2004; Quintans et al., 2004). Recent
developmental progress in the forensic use of mtDNA has also been shaped by
the context within which it has been required. In particular, the large-scale
multi-national response to recent wars (Huffine et al., 2001; Andelinovic et al.,
20035), refugee crises (Lorente et al., 2002) and mass fatalities (Roby, 2002;
Vastag, 2002; Budjimila ez al., 2003; Holland et al., 2003; Budowle et al., 2005)
has seen a rapid evolution of these and other specialist identification sciences
so as to respond to the unprecedented logistical and technical challenges pre-
sented by these circumstances.

The analysis of polymorphisms on the non-recombining portion of the human
Y chromosome (NRY) (Jobling et al., 1997; Kayser et al., 1997) has also steadily
developed into a valuable forensic technique (Gill et al., 2001; Gusmao and
Carracedo, 2003; Gusmao et al., 2006). The male specificity of the Y chromo-
some makes it particularly suitable for the resolution of problematic situations
such as complex mixtures. In a casework setting Y chromosome analysis is
especially useful for typing mixed male—female stains that commonly occur as
a result of sexual assaults (Dettlaff-Kakol and Pawlowski, 2002; Dziegelewski
et al., 2002; Sibille et al., 2002). As with autosomal markers, microsatellites are
favoured for forensic Y chromosome analysis and a number of suitable Y-STRs
have been identified and validated for forensic use (Bosch et al., 2002; Butler
et al., 2002; Redd er al., 2002; Hall and Ballantyne, 2003; Johnson et al., 2003;
Hanson and Ballantyne, 2004; Schoske et al., 2004) and a selection of them
included into commercially available multiplexes (Shewale et al., 2004; Krenke
et al., 2005; Mulero et al., 2006).

Potentially the most valuable target markers for a diverse range of novel
forensic molecular biology applications are single nucleotide polymorphisms
(SNPs; see Chapter 6). These offer a range of forensic applications in traditional
and novel areas and confer some particular advantages in comparison to STRs,
including a low mutation rate (making SNPs highly suitable for kinship and/or
pedigree analysis), amenability to high-throughput processing and automated
data analysis, a shorter PCR amplicon size (assisting their ability to be multi-
plexed and making them good target loci for highly degraded samples), a vast
abundance in the genome, and in some cases simplified interpretation (due
to the absence of certain STR artifacts such as stutter). Single nucleotide poly-
morphisms are being investigated for use in forensics in both the identity testing
and intelligence areas.

By virtue of the fact that there is greater allelic diversity at STR loci compared
with SNPs, STRs have a profound advantage over SNPs in forensic identity
testing. As a crude estimate, one would be required to type three to five SNP
loci to discriminate between individuals at the same level as a single STR. This
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means that to approach the degree of certainty of the current STR kits up to
50 SNP loci would be needed, which presents a formidable technical challenge.
In addition, changing routine target loci is undesirable, due largely to the
significant investment in databases that has already occurred. In combination,
these reasons make a universal change of DNA typing platform unlikely (Gill,
2001b; Gill ez al., 2004). Nonetheless, the recent development of more advanced
SNP genotyping technologies, and the desirable properties of SNP loci, has seen
a continued focus on developing highly informative SNP-based multiplexes for
forensic identity testing (Inagaki et al., 2004; Dixon et al., 2006; Kidd et al.,
2006; Sanchez et al., 2006).

Single nucleotide polymorphism markers in coding regions linked to physical
or behavioural (personality-related) traits are also being researched for forensic
purposes. This research aims to provide investigators with an inferred descrip-
tion of an offender, based on biological evidence recovered from a particular
crime and subsequent DNA analysis. In one example researchers have described
approaches for screening genetic mutations associated with the red-hair pheno-
type (Grimes et al., 2001; Branicki et al., 2006). A comprehensive candidate
gene study for variable eye colour has also been conducted by an American
company DNAPrint Genomics (Sarasota, FL, http://www.dnaprint.com)
(Frudakis et al., 2003a). On the basis of this research (Sturm and Frudakis,
2004) DNAPrint Genomics have developed and validated RETINOME™, a
high-throughput genetic test for predicting human iris colour from DNA. A
blind validation test of RETINOME™ on 65 individuals of greater than §0%
European ancestry revealed that the test was 97% accurate in its predictions.

Other SNP-based techniques potentially enable the inference of biogeographical
ancestry from a DNA sample. As SNPs can be found in areas of the genome
subject to evolutionary-selective pressures, such as coding and regulatory regions
of DNA, they can exhibit far greater allele and genotype frequency differences
between different populations than other forensic loci. In 2003, Frudakis et al.
developed a classifier for the SNP-based inference of ancestry (Frudakis et al.,
2003Db). This research found that allele frequencies from 56 of the screened SNPs
were notably different between groups of unrelated donors of Asian, African
and European descent. Using this panel of 56 autosomal SNPs, Frudakis ef al.
report successful designation of the ancestral background of European, African
and Asian donors with 99%, 98% and 100% accuracy, respectively. Applying
a reduced panel of the 15 most informative SNPs the level of accuracy reduces
to 98%, 91% and 97%, respectively (Frudakis et al., 2003b). This work
represents the most significant step towards the development of a DNA-based
test for the inference of ancestry in a forensic setting and has led to the genera-
tion of a commercially available tool known as DNA Witness™ (DNA-Print
Genomics, Sarasota, FL).

A significant amount of research effort has also been invested in the study of
non-autosomal SNPs. This approach is commonplace in human migration
studies, with a large body of work examining SNP haplotype diversity on the
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Y chromosome (Underhill et al., 2000, 2001; Jobling and Tyler-Smith, 2003)
or mtDNA genome (Budowle et al., 2004; Jobling et al., 2004; Wilson and
Allard, 2004). In the forensic context Y- or mtDNA-SNPs are also potential
markers of biogeographical ancestry. They have often been preferred in this
capacity as they can be locally customized and applied also to understand local
population substructure, which in turn can support statistical interpretation
models. Large-scale non-autosomal SNP multiplexes already exist (Sanchez et
al., 2003; Brion et al., 2004, 2005; Coble et al., 2004; Quintans et al., 2004;
Sanchez et al., 2005) and population data and supporting information are
readily available (YCC, 2002).

Commensurate with the advances in the molecular tools available to forensic
scientists, the interpretation of DNA evidence has also had to develop con-
siderably over recent years. Early in the history of forensic molecular biology
this was an area of heated dispute (Lander, 1989; Lewontin and Hartl, 1991)
requiring concerted efforts to address concerns of the scientific and legal
community (National Academy of Sciences, 1996). Now there is a far greater
depth of understanding and an important sub-discipline of the field has developed
(Robertson and Vignaux, 1995; Evett and Weir, 1998; Aitken and Taroni,
2004; Balding, 2005; Buckleton et al., 2005a). Nonetheless, each new molecular
adaptation brings an associated requirement to reassess the weight or meaning
of the outcomes statistically. Approaches are continually being refined to deal
with routine complexities such as mixed profiles (Weir et al., 1997; Curran
et al., 1999; Fukshansky and Bar, 2000; Bill et al., 2005; Wolf et al., 2005; Gill
et al., 2006a), partial profiles (Buckleton and Triggs, 2006) and relatedness
(Ayres, 2000; Buckleton and Triggs, 2005). In addition, novel theory has been
needed to assess results obtained from LCN approaches (Gill et al., 2000), non-
autosomal markers (Krawczak, 2001; Buckleton et al., 2005b; Fukshansky and
Bar, 2005; Wolf et al., 2005), DNA database searches (Balding, 2002; Walsh
and Buckleton, 2005), multi-trace cases (Aitken et al., 2003), mass disasters
(Brenner and Weir, 2003; Brenner, 2006) and so on.

From this summary we can distil the following trends that appear set to
characterize future years. The addition of more routine markers, and the wider
use of known ones, appears likely to continue. Testing platforms will increase
in their overall efficiency and move closer to the goal of rapid, portable micro-
devices. Taking the DNA science out of the laboratory is a move that could
bring considerable advantage to many investigations but is also one with
associated challenges. Progress will continue towards answering more diverse
questions than ‘who is the source of this DNA sample?’. There is almost limitless
potential as to where this approach may lead as we unravel the full potential
of information accessible via genetic testing. Of course we must observe that
with this increased capability comes an associated increase in complexity.
Scientists have the potential to step beyond the routinely applied testing regimes,
but to do so they must understand the strengths and weaknesses of new
approaches and, importantly, be equipped to deal with associated complexities
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such as the statistical assessment of outcomes. The forensic community must
take ownership of this challenge and continue to ensure that proper validation,
training and independent research occur. This will at times be awkward given
the growing demands for all forms of DNA analysis and an increasingly
commercialized operational environment. It will also be important to ensure
appropriate management of expectations regarding emerging capabilities on the
part of police, legal professionals and the general public.

1.3 Developments influencing law enforcement —
operational impacts

The current environment where forensic molecular biology operates as a tool
of the law enforcement community is starkly different to the mid-1980s, when
its role in this context first began. This is unsurprising given the rapid evolution
of the techniques, as described above. The most notable operational difference
is the frequency of use of DNA evidence in criminal casework. Across the world
the overall number of cases submitted annually for DNA analysis has increased
by many fold. In the UK the average annual inclusion of crime samples onto
the national DNA database (NDNAD™) increased from 14 644 for the period
1995-2000 to 59 323 for the period 2000-200S5. In Canada, 7052 crime samples
were added to the national DNA databank in 2005 compared with 816 in 2000.
In NSW (the most populous State of Australia) the annual DNA case submis-
sions have risen from 1107 in 1998 to 10 146 in 2005.

The major driver of this change in case volume has been the global imple-
mentation of forensic DNA databases. Forensic DNA databases have altered
the landscape of the criminal justice system and irrevocably re-shaped the field
of forensic science. Their growth has been rapid with millions of STR profiles
now held from convicted offenders, suspects and unsolved crimes (Table 1.1).
Links provided through DNA database searches have contributed valuable

Table 1.1 Size and effectiveness of major national DNA databases

Database and date

UK Europe USA Canada  New Zealand
Feb. 2006 Dec. 2005 Apr.2006 May 2006 Apr. 2005
Total profiles 3693 494 987 671 3275710 123 603 63 678
Offender profiles 3 406 488 772 355 3139 038 94 999 54159
Crime scene 287 006 215316 136 672 28 604 9419
profiles
Investigations 721 495 116 057 34193 5963 2 451
aided

Source: Publicly available figures on the Internet.
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intelligence to hundreds of thousands of police investigations. Often links are
provided for crimes that are notoriously difficult to resolve, such as burglary
and vehicle theft.

Along with the increase in case volume that has been catalysed in part by the
introduction of DNA databases, there has also been an alteration to the types
of crimes and evidence submitted for biological analysis (see Chapter 11). In
the 1980s and 1990s DNA profiling was primarily applied to serious crimes.
Nowadays, however, forensic molecular biology contributes to the investigation
of a broader spectrum of crimes. Data from the NSW State Forensic DNA
Laboratory over the period 1998-2005 show a clear pattern of decrease in the
proportion of cases from serious crime categories and an increase in the propor-
tion of cases submitted from volume crime categories (Figure 1.2). The change
in the case submission profile, that is, the proportions of different case types
submitted for analysis, occurred from 2001 forward. This was the beginning of
DNA database operations.
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Figure 1.2 Changing case submission trends at a State Forensic DNA Laboratory
in Australia. Case catfegories where there was a decrease in proportional sub-
missions are represented by the dashed lines. The actual categories are Sexual
Assault (SEX; 53.0% to 8.0%), Murder & Manslaughter (M/M; 8.7% to 1.0%), Malicious
Wounding (MAL; 8.9% to 2.9%) and Attempt Murder (A/M; 3.6% to 0.3%). The case
categories where there was an increase in proportional submissions are repre-
sented by the solid lines. These include Break, Enter and Steal (BES; 2.7% to 37.8%),
Stolen Vehicle (SMV; 0.0% to 15.6%), Robbery (ROB; 6.3% to 12.8%) and Theft from
Vehicle (TFV; 0.0% to 4.9%)
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Table 1.2 Changing evidence types analysed by the NSW State Forensic DNA
Laboratory between 2001 and 2005

Proportion of total (%)

Sample type 2001 2002 2003 2004 2005
Blood 44.7 49.1 38.4 33.8 26.5
Bone 0.0 0.1 0.2 0.1 0.1
Cigarette buft 4.5 8.0 10.9 8.4 9.1
Hair 10.0 3.1 2.2 2.0 1.3
Miscellaneous® 30.9 33.4 41.1 50.4 57.3
Semen 8.3 4.6 5.7 3.9 4.4
Fingernail scrapings 1.7 1.8 1.5 1.3 1.2

“Includes mostly frace DNA samples.

The changing nature of the case submission profile in forensic molecular
biology laboratories has been accompanied by a changing evidence type away
from traditional templates such as blood and semen to more discrete evidence
types such as trace DNA and discarded items (including drinking containers and
cigarette butts). This is again illustrated in data from the NSW State Forensic
DNA Laboratory from between 2001 and 2005 (Table 1.2).

As well as having a profound effect on the number and types of cases sub-
mitted for DNA analysis, forensic DNA databases have also catalysed a re-think
of the role that forensic evidence can play in the investigative process. Tradition-
ally forensic DNA evidence has been thought of as information for the use of
the court. This focus sees the scientist retrospectively attempting to obtain
results for a given case to assist in the resolution of a single crime. The primary
focus, therefore, is towards crime-solving rather than crime reduction or preven-
tion. For some years now, policing strategy has evolved from a traditional focus
on capturing or incarcerating offenders towards a more holistic understanding
of crimes and criminals and a prevention-based approach to law enforcement.
Forensic science has not contributed greatly to changes in policing and crime
management strategies, although lately there has been a move to embrace sci-
entific advances under the concept of intelligence-led policing (Smith, 1997;
Thompson and Gunn, 1998; Gunn, 2003; Tilley, 2003). Forensic molecular
biology clearly has a role to play in the generation of law enforcement intelli-
gence products (Walsh et al., 2002), particularly when one considers the poten-
tial of combining rapid, portable DNA typing with the use of DNA databases
or phenotypic inferences about an offender. As such it has the potential to play
a more proactive role in broader-scale crime investigation.

Achieving this requires shifting the philosophical mind-set of forensic practi-
tioners, understanding where, when and how forensic science data can be useful
in an intelligence context, and designing systems capable of relaying findings in
‘real-time’. A number of approaches have begun to emerge that embrace this
operational strategy. Some remain ill-informed and are based around centralized
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database creation. Other more successful examples create meaningful forensic
intelligence and combine it with investigative and crime analysis tools (Ribaux
and Margot, 1999, 2003).

In summary there has been a trend towards greater use of DNA, across a
more diverse range of cases and in a more intelligence-based context or frame-
work. It is important to note, however, that these developments (and the DNA
databases that have predominantly catalysed them) remain at a preliminary
stage. Standards and approaches still vary enormously between jurisdictions
and in future there may be continued moves towards greater harmonization.
Undoubtedly there will be progress towards greater cross-jurisdictional exchange
of DNA information, possibly facilitated at the level of organizations such as
Interpol. Managing this era of wider national and international use of forensic
DNA profile information will be challenging as, through these developments,
the science we apply moves increasingly into the public and political realm.

1.4 Developments influencing the justice system —
socio-legal impacts

Practical and philosophical aspects of the legal system have been impacted by
developments in the field of forensic molecular biology. Practical issues emanate
from the construction of laws that regulate the collection of DNA material from
persons associated with the justice system, and the subsequent use of any DNA-
related evidence in our courts. These are flanked by important philosophical
considerations in areas such as social justice, ethics and privacy.

From the time of its first introduction the courts have had mixed experiences
with the presentation of forensic DNA evidence. Scientists, lawyers, judges and
jurors have battled to come to terms with this new forensic application of a
complex scientific technique. Initially complicating matters further was the
public fanfare that accompanied early DNA successes, creating an aura of sci-
entific certainty around the technology. Whilst forensic molecular biology is a
powerful means of identification, this sort of misrepresentation in the public
arena can create unrealistic perceptions of its capability. At a relatively early
stage, the admissibility of DNA evidence in criminal trials was successfully chal-
lenged in the United States (People v Castro, 1989, 545 NYS 2d 985) and else-
where (R v Tran, 1990, 50 A Crim R 233; R v Lucas, 1992, 2 VR 109; R v
Pengelly, 1992, 1 NZLR 545). Many of the issues upon which early challenges
were mounted were the subject of conflict in the scientific community at the
time (Lander, 1989; Chakraborty and Kidd, 1991; Lewontin and Hartl, 1991).
The scrutiny of the legal system in these instances must be seen to have been
strongly positive as it brought about further refinement and validation of the
forensic DNA methodology and the implementation of structures to regulate
quality assurance. In recent times challenges to DNA admissibility are rarely
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successful, as, in general terms, the science has reached the important point of
being accepted practice. This is not to say that legal scrutiny has abated entirely,
rather, if anything, legal challenges have evolved in their complexity along with
the evolution of the technology itself. Instead of focusing on general issues, it
is now specialized components of the analytical or interpretative process that
have become the subject of questioning.

Widening the use of forensic DNA evidence and implementing forensic DNA
databases have required the formulation of specific statutes. The enactment of
the DNA-based laws has generated considerable commentary in the legal litera-
ture regarding the process of enactment and the final constitution of the laws
themselves. In most cases the legal discussion is critical, suggesting that the
passage of legislation was hurried and justified under the populist appeal of ‘law
and order’ politics. Others fear that compulsory acquisition of genetic material
by the state represents an encroachment into previously sacred territory of
criminal law and a diminution of basic rights such as the right to silence and
the right against self-incrimination. Many commentators express concern over
the mass storage of human genetic information and the associated potential risk
of future misuse.

Overall, the practical developments at the intersection of forensic molecular
biology and the legal system have progressed from general issues (such as
whether DNA testing has a place in the CJS at all) to specific refinements (such
as how DNA evidence was obtained and tested). Again it is important to note
that this period of interplay between the science of DNA testing and the regula-
tion of legal sector is a relatively recent phenomenon and is bound to evolve
considerably, even in the short term. The balance that is sought relates to
attempting to achieve maximal effectiveness from the use of DNA, whilst mini-
mizing the incursion into a person’s basic civil and legal rights. In different cases,
different countries and at different times striking this balance can be influenced
by external pressures. Recently, for example, heightened anxiety around terror-
ism has seen governments override individual rights in favor of more expansive
investigative powers. The use of forensic molecular biology is linked to many
of these broad socio-legal issues.

1.5 Summary

The field of forensic molecular biology has entered a period of development
where more genetically diverse applications are emerging and are able to be
delivered by a more responsive and technically advanced platform. There is also
an emphasis for forensic DNA outcomes to be delivered as intelligence products
as well as evidence for the court. This allows it to take on a more purposeful
role in the investigative phase of the process alongside other items of forensic
or non-forensic intelligence. Understandably, these enhancements in capability
are continuing to drive a great demand to access and utilize this technology. So
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far this demand has, in many cases, outstripped the ability of forensic labora-
tories to cope, and case backlogs are commonplace in many jurisdictions.

These trends signal the beginning of an exciting era for forensic molecular
biology. As forensic professionals, however, we must remember that adding
these dimensions to our capability also adds to our overall onus of responsibil-
ity. Such changes require a continual broadening of our outlook and expertise.
Also, due to the emotional and social stakes that exist in the criminal justice
system, many developments in our field are somewhat double-edged: able to be
viewed either positively as strengthening our ability to fight against crime or
terrorism or negatively as examples of an increasing loss of civil liberties and
greater surveillance by the state on her citizens. Whilst forensic scientists remain
impartial players in this environment, it is important that we do not extricate
ourselves from this debate that essentially defines how and to what end our
scientific endeavour is applied. Of paramount importance is that, across all
techniques within our field, we continue to ensure the quality of our scientific
outcomes. By doing this our work will remain an objective and reliable com-
ponent of the criminal justice system.
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