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created by federal, state and local crime labo-
ratories, comprises a set of 13 short tandem 
repeats (STRs), 4 or 5 base pairs long, distrib-
uted across the genome (Fig. 2). Each STR can 
have several repeats (from 6 to 21) and because 
every person has two alleles of each STR, a pro-
file consists of just 26 numbers representing the 
number of repeats at each allele. The FBI chose 
the individual loci based on their noncoding 
status, so as not to reveal personal informa-
tion (personal information on subjects is held 
at the location where the sample was collected.) 
Using all 13 loci in a profile harnesses the 
power of statistics; the likelihood that any two 
individuals (except identical twins) will have 
the same DNA profile of all 13 loci is believed 
to be one in several billion (http://www.ornl.
gov/sci/techresources/Human_Genome/elsi/
forensics.shtml). Partial profiles of less than 13 

DNA goes to court
Caitlin Smith, Stephen Strauss & Laura DeFrancesco

DNA profiling is playing a growing role in solving crimes, identifying victims of natural and unnatural disasters and 
even tracking diplomats. Some forensic experts are looking to advances in genome technologies to gain further ground 
against criminals.

DNA forensics has not been a field where 
innovation proceeds by leaps and bounds. 

Profiles of individuals in forensic databases 
worldwide are based on a standard set of 
13 short tandem repeats (STRs) in human 
genomes that have been in use for over  
two decades. Recently, DNA assays for eye 
color determination have also been added 
to law enforcement’s genomic arsenal, and 
reports also suggest tests for hair are undergo-
ing validation. The IrisPLEX assay, pioneered 
by a group of Dutch researchers, is legal for use 
in The Netherlands and takes only six genes 
to differentiate among 40 shades of blue or 
brown eye color (Fig. 1); in August, the group 
announced that they have added an assay for 
hair color (HIrisPLEX). Manfred Kayser, pro-
fessor of forensic molecular biology at Erasmus 
University Medical Centre Rotterdam and 
leader of the VisiGen Consortium—an aca-
demic consortium dedicated to mapping the 
genes for human appearance—sees a future 
where facial features and even age can be read 
off DNA1. “That’s, of course, a kind of police-
man’s dream, where you take a blood sample, 
you put it in a machine and on the computer 
screen you get a facial image,” Kayser told a 
radio audience on Australia’s Radio National 
Law Report last year.

Although commercial applications of human 
genomics have been focused mostly on bio-
medical research and have increasingly been 
developed for the clinic, some flagship com-
panies are now also looking for ways to serve 
the law enforcement community—witness a 
recently announced collaboration between 
Illumina and the Department of Forensic and 
Investigative Genetics at the University of 

North Texas Health Science Center (Dallas)2—
and niche companies are providing more spe-
cialized tools (Table 1). But the application 
of sequence-based testing and other high-
throughput genomic assays to forensics isn’t 
going to happen overnight. “We’re not going 
to go from STR to sequencing in one leap,” says 
Laurence Rubin, CEO of Identitas, a New York 
company with a single-nucleotide polymor-
phism (SNP) chips for forensic use.

Citizen DNA
Of the 3 billion base pairs of information in 
the human genome, most are untouched 
by the current methods used to create DNA 
profiles for forensic use. Profiles stored in the 
US Federal Bureau of Investigation’s (FBI’s) 
Combined DNA Index System (CODIS), the 
United States’ national storehouse of profiles 

Caitlin Smith is a freelance writer based in 
Portland, Oregon. Stephen Strauss is a freelance 
writer based in Toronto. Laura DeFrancesco is 
Nature Biotechnology’s Feature Editor.

The DNA shall set you free. The individual shown, one of hundreds exonerated using DNA evidence, 
spent 25 years in prison after being wrongly convicted of rape. (Source: AP/Tony Gutierrez)
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is expected to reduce the size of the database 
by more than a million profiles.

In the United States, today’s collections are a 
combination of offender profiles and forensic 
profiles, or material collected at crime scenes, 
but in addition, several states (upward of 25) 
are now collecting DNA from arrestees, swell-
ing the databases and putting stress on the local 
crime laboratories. That was not the intent of 
the US DNA Identification Act of 1994, which 
set up a system for collecting DNA profiles for 
tracking violent criminals (Box 1 and Fig. 3). 
In addition, in some locations, DNA sweeps 
have been done, in which entire populations 
(usually of men) from prescribed areas were 
profiled, where law enforcement was certain 
of the perpetrator’s location but failed to get 
a match in the local database. (A match can 
occur only if the person’s DNA has been pre-
viously collected, which used to mean that he 
or she had already been convicted of a violent 
crime.) A few countries (e.g., Portugal and 
Denmark) have contemplated profiling their 
entire population; indeed, the United Arab 
Emirates may actually be doing it, according 
to GeneWatch, a UK nonprofit that monitors 
genetic research (Fig. 4).

The FBI has statistics showing that the 
US National DNA Index has assisted in over 
200,000 criminal cases nationally. What’s more, 
DNA profiling has been involved in exoner-
ating over 200 prisoners, according to the 
Innocence Project (New York), which cham-
pions efforts to help those wrongly accused. 
Even so, at least two types of forensic samples 
yield inconclusive results with STR profiling 
alone: compromised DNA and mixed DNA 
samples. Mixtures of DNA in forensic samples 
occur commonly, according to the US National 
Institute of Standards and Technology’s 
(NIST’s) Applied Genetics Group, which 
assesses technologies and develops standards 
for forensic DNA testing. In reviewing over 
5,000 DNA samples from 14 laboratories, they 
found that 34% of samples contained DNA 
from two people, and 11% contained DNA 
from three or four people.

Adding SNPs to the analysis enables forensic 
laboratories to distinguish between the genetic 
profiles of two individuals in a mixed sample 
or to make matches with compromised samples 
that give only partial profiles. “By simultane-

loci can be useful, but do not carry the same 
statistical power.

As in so many things criminal, the United 
States now leads the world with over 10 mil-
lion DNA profiles in its National DNA Index, 
although the United Kingdom, which was the 
first to create a national collection of DNA 

profiles, has a greater proportion of its popu-
lation represented, with close to 6 million pro-
files (http://www.fbi.gov/about-us/lab/codis/
ndis-statistics/). Under pressure from citizens’ 
groups, the UK’s Parliament passed a law last 
May requiring that the profiles of innocent 
people be removed from the database, which 
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Figure 1  Forty shades of blue. Of 40 different blue eye colors, only the three colors in the red 
box couldn’t be determined by IrisPlex DNA-based eye color detection system. (Reprinted with 
permission3.)
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Figure 2  STR profiles. (a) Electropherogram of 
a single individual with equally balanced alleles. 
Numbers below the peaks indicate the number 
of repeats. (b) Mixture of two individuals in equal 
proportions. (c). Low copy number testing, where 
additional PCR cycles were used to overcome 
small sample size, leading to imbalance in alleles 
due to stochastic nature of PCR. (Reprinted with 
permission4.)
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for example, because the sample was too old, 
degraded or there was not enough DNA to 
test,” says Cates. So whereas advances in DNA 
technology have been helpful, there’s room for 
improvement. “Nearly one in five of our cases 
are dropped because of difficulty in analyzing 
the DNA, so from our perspective, there is 
room for techniques that could better analyze 
difficult samples,” says Cates.

Another modification to CODIS that 
has been useful, particularly with degraded 
samples, are mini-STRs. Researchers at NIST 
developed a set of mini-STRs for all 13 CODIS 
loci that require samples be only 100 base pairs 
long, by designing PCR primers that bind 
closer to the repeat. (Standard STR analysis 
requires 400 base pair fragments.) These were 

Y-chromosome STRs was applied to a semen 
stain on the victim’s clothing. The Innocence 
Project took on Wiggins’ case in 2007, but 
it wasn’t until this year that they finally got 
the evidence they needed to exonerate him. 
“Advances in DNA technology have come into 
play in a lot of our cases,” says Paul Cates, com-
munications director at the Innocence Project. 
“It’s not unusual for us to have cases where the 
technology has improved over the years and 
ultimately helps someone.”

Wiggins was fortunate that the evolution of 
DNA analysis technology was on his side. For 
many others, DNA samples that might exon-
erate them are still intractable with today’s 
technology. “There are some cases that we 
have to close because of inconclusive results, 

ously interrogating SNPs selected for identi-
fication, more information can be obtained 
from partially degraded samples that are cur-
rently deemed ‘inconclusive’ and thus a dead 
end for the justice system,” says Cydne Holt, 
senior market manager for applied markets at 
Illumina and former director of San Francisco’s 
crime laboratory.

Using current technologies to reanalyze old 
DNA samples that previously had given incon-
clusive results could have life-altering conse-
quences for the wrongly convicted. In a recent 
case in Fort Worth, Texas, David Wiggins, a 
prisoner held since being sentenced to life in 
1989 for aggravated assault of a 14-year-old 
girl, was exonerated when new technologies 
for isolating sperm cells and interrogating 

Box 1  Mind your DNA

With DNA detection technologies becoming ever more sensitive, 
and DNA databases expanding their reach, the right of individuals 
to keep their genetic information private is being threatened. 
As databases increase in size, so too does the probability that 
an innocent person will be wrongly incriminated, a fact largely 
unappreciated by state legislatures and the public who believe 
DNA is infallible, according to William Thompson, professor in the 
Department of Criminology, Law and Society at the university of 
California, Irvine. Thompson says the possibility of error is real. DNA 
profiling can go off the rails in numerous ways, from contamination 
and mislabeling, to investigator bias, which can happen when well-
intentioned people are driven by their desire to nail a person they 
believe is guilty5.

Twenty-six states have enacted laws expanding their databases; 
among the most aggressive is California where anyone arrested for 
a felony must submit DNA, often under threat of further charges 
if they fail to provide the sample. Many of those arrested are never 
charged or are found innocent. Meanwhile, the California database 
grows by some 11,000 profiles each month. That includes people 
like Lily Haskell, an anti-war protester who had to give a cheek swab 
for a DNA test after the police arrested her for a felony. The charges 
were dropped, but her DNA remains in the database. With the help 
of the American Civil Liberties union, she is attempting to get the 
law reversed6 (L. Haskell v. K. Harris).

The justifications for collecting profiles simply don’t hold up 
for people falsely accused or guilty of a lesser crime, according to 
Thompson. Convicted criminals forfeit some of their rights by virtue 
of having committed a crime, and there is a strong governmental 
interest in having them in a database as they are likely to commit 
more crimes, argues Thompson. “Neither of those rationales applies 
very well to people who have been arrested for some minor offense,” 
he says.

Another potential threat to innocents is the facility with which 
DNA fragments can be made to order. Separately, two groups, 
one in Australia and the other in Israel, have produced amplicons 
containing CODIS fragments, using various techniques—PCR 
amplification from collected DNA, whole genome amplification 
or cloning. The Australian researchers showed that synthesized 
amplicons planted in a simulated crime scene, along with blood, 
were detectable and indistinguishable from native DNA. The 
Israelis, from the Tel Aviv–based company Nucleix, assembled a 

library of 425 CODIS 
fragments, sufficient 
to generate any 
profile, which also 
is indistinguishable 
from native DNA 
when planted at 
mock crime scenes. 
However, Nucleix 
has provided some 
solutions; their 
researchers showed 
that synthetic DNA 
can be distinguished from native DNA by looking for methylated 
bases, present only on native DNA. Whereas present-day technology 
for detecting methylation (bisulfite sequencing) may not be readily 
adaptable by forensic laboratories, they also pointed out that the 
presence of an unusually large number of stutters, which occur 
during amplification, may be another indicator of synthetic DNA, as 
the synthesis requires additional amplification steps.

The concept of misdirecting law enforcement is not new, and 
there are simpler ways to do it, says Bruce Budowle. “Why go 
through all that, when you can just follow them around and pick up 
a coke can or cigarette butt?” But, argues Harvard’s George Church, 
“those ‘simpler ways’ are not that much simpler, and anyway people 
tend to try many different ways, hoping that they can get ahead of 
the game. Putting anthrax spores into envelopes or ramming planes 
into buildings may not have seemed ‘simple’, but someone did it.”

Turning this scenario on its head is the Kent, uK, company 
Selectamark Security Systems, which markets a DNA-based 
property marking system. Once applied to a computer or other 
piece of property, it cannot be completely removed, thus making 
it possible to identify an item as stolen and trace it back to 
its owner. SelectMark also offers a DNA spray for connecting 
intruders to a crime scene. Motion-activated devices mounted on 
entryways spray a solution of unique DNA on anyone entering the 
premises. The DNA remains visible on skin or clothing by a simple 
uV light for weeks (Fig. 3), allowing law enforcement to link a 
criminal to a particular crime scene. According to news reports, 
McDonald’s fast food restaurants in Australia and the Netherlands 
are testing the system. LD

Figure 3  Blue marks the criminal. DNA 
sprays can identify intruders weeks after a 
crime is committed. (Source: SelectaDNA, 
Auckland, New Zealand).
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particularly helpful during the effort to iden-
tify victims of the World Trade Center disaster. 
Only 655 people of the estimated 2,753 vic-
tims could be identified using standard DNA 
profiling techniques due to the intense heat 
at the site and contamination with inorganic 
building material, which left many samples 
too degraded to analyze by standard meth-
ods. Forensic scientists in the New York City 
Office of Chief Medical Examiner turned to 
other tools, including SNP analysis, mini-STRs 
and mitochondrial DNA, bringing the number 
of 9/11 victims identified by DNA analysis to 
1,633 people. Further improvements to isola-
tion methods and analytical tools were contrib-
uted by a number of private companies, among 
them Cybergenetics (Pittsburgh), Orchid 
Cellmark (Princeton, NJ, USA), a division of 
Orchid Biosciences, Myriad Genetics (Salt 
Lake City, UT), Celera Genomics (Alameda, 
CA, USA) and Bode Technology (Lorton, VA, 
USA).

Unblocking the backlog
Greater demand, coupled with more evidence 
being collected by law enforcement, has cre-
ated a backlog of DNA cases. According to 
the National Institute of Justice (NIJ), a case 
becomes backlogged when the sample has 
not been analyzed 30 days after submission 
to the laboratory. With increases in through-
put available with next generation sequencing 
(NGS) platforms, backlogs could be reduced or 
eliminated. Illumina’s MiSeq sequencer, which 
uses as little as 50 ng DNA as input, can ana-
lyze all the loci used in forensic laboratories 
worldwide, plus hundreds more—in a single 
run. “This includes the core sets of autoso-
mal and Y STRs (as dictated by each nation), 
many additional STRs, including those on the 
X chromosome, several categories of SNPs 
and the mitochondrial DNA genome, as well 
as other classes of polymorphisms,” says Holt. 
Likewise Life Technologies’ (Carlsbad, CA, 
USA) Ion PGM sequencer, which can use as 

little as 10 ng input DNA along with the multi-
plexing capabilities of its Ion AmpliSeq Target 
Selection Technology, lets you use as many as 
1,536 primers in a single tube. “The fact that 
the library prep method for PGM requires at 
least 15 times less DNA than other NGS meth-
ods is a big advantage,” claims John Gerace, 
head of applied sciences for Life Technologies.

Michael Sheppo, director of the Office of 
Investigative and Forensic Sciences at the NIJ, 
acknowledges the benefits that NGS could 
bring to forensics but recognizes that chal-
lenges remain. “The potential advantage for 
performing highly multiplexed sequencing 
reactions that could produce information from 
several marker systems simultaneously pre-
sents a strong argument for replacing current 
methods with NGS systems.” But, two major 
concerns with the technology are data quality 
and the length of the reads. “The quality of the 
sequence has direct relevance to the confidence 
that the data generated can be used in court, 
and the length of the read has direct relation-
ship to what kinds of markers can be analyzed 
with the method,” he says.

Monte Miller, president of the consulting 
firm Forensic DNA Experts (Riverside, CA, 
USA), feels that speed, cost and precision are 
at issue. “If you could sequence the 13 loci more 
quickly and efficiently, and you got the same 
power of statistics, that’s more likely to happen 
first—so that they don’t have to change CODIS 
right off the bat,” he says. He also notes that for 
each allele used by CODIS, the frequencies in 
the general population, and various subpopula-

tions, are known. This is required to estimate 
the likelihood that a DNA sample came from a 
particular person. These statistics would have 
to be gathered anew if the profiling system were 
changed drastically.

As technology for DNA detection devices 
matures, law enforcement may someday be 
able to process crime scenes on the spot (Box 
2). But what forensics really needs is a technol-
ogy that is not dependent on PCR, according 
to Rotterdam’s Kayser. “The real breakthrough 
will come when PCR can be avoided in NGS—
all current studies use PCR-based NGS—as 
slippage artifacts occurring during PCR can 
cause problems [because] it cannot necessar-
ily be known whether a small PCR [capillary 
electrophoresis] peak comes from a real allele 
(that is, an additional contributor) or from slip-
page artifacts,” he says.

CODIS and beyond
There’s no disputing the benefit that DNA pro-
filing has provided law enforcement. “CODIS 
has been a fantastic tool for law enforcement 
for many years,” says David Whelan, an inves-
tor and director at Identitas. “However, when 
you run a sample and you get no match against 
a known reference sample, that’s the end of the 
line,” he says. And that’s where some biotechs 
are placing their bets, with developing tech-
nologies to bridge this gap.

Identitas has developed a high-density array 
based on Illumina’s genotyping chip technol-
ogy that provides information for no-match 
samples. “We can say they are of a certain 

Table 1  Companies developing technologies with forensic applications
Company (location) Product

Illumina SNP genotyping sequencing services

Life Technologies AutoMate Express benchtop DNA extraction system for forensics 
with AmpliFSTR Identifiler Plus PCR amplification kit

Promega 
(Madison, WI, uSA)

STR systems to amplify CODIS loci, kits for sample preparation and 
DNA quantification

Qiagen 
(Hilden, Germany)

QuantiPlex Hyres kit, sample extraction solutions optimized for 
forensic samples

AI Genetics (Fairfax Identity 
Laboratories) 
(Richmond, VA, uSA)

Full-service forensic laboratory in addition to other offerings in DTC 
genomic testing, relationship, and CLIA clinical genetics laboratory

Casework Genetics 
(Woodbridge, VA, uSA)

ultra high-density SNP arrays using Illumina Human Omni1-Quad 
Beadchip

Cybergenetics 
(Pittsburgh)

TrueAllele software package for casework technology, TrueAllele 
Databank

DNA Diagnostics Center 
(Fairfield, OH, uSA)

DNA testing for forensic, paternity, ancestry, immigration, accred-
ited by the American Society of Crime Laboratory Directors

Gene Codes Forensics 
(Ann Arbor, MI, uSA)

Sequencer software package adapted for forensics work with mito-
chondrial DNA analysis

Identitas Developing high-density SNP chip for forensic market

ZyGem 
(Hamilton, New Zealand and 
Charlottesville, VA, uSA)

Markets forensicsGEM high-throughput DNA extraction kit which is 
compatible with STR profiling kits

DTC, direct to consumer; CLIA, Clinical Laboratory Improvement Amendments.

Figure 4  Locations of national DNA databases. 
Dark shading: pperational DNA database; light 
shading: planned DNA database. (Source: Council 
for Responsible Genetics, Cambridge, MA, uSA)

Operational DNA database

Planned DNA database
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“Legislation and ethics issues relating to the 
unlimited genetic information one could infer 
from NGS DNA profiles will be a major barrier 
in many countries.”

ethnic background…are related to somebody 
else that [we] have another sample for—which 
is very important—as well as [identify] exter-
nal, phenotypic traits that can really help [law 
enforcement] focus,” says Whelan. Results of 
a pilot study of over 3,000 profiles, done in 
collaboration with the VisiGen Consortium 
as well as several law enforcement agencies, 
which provided the samples, will be released 
shortly. The study looks at gender, first- and 
third-degree relatedness and geographic ances-
try, and builds up a visual profile of the subject. 
“The agencies that contributed the data were 
very impressed with the results,” says Identitas 
CEO Rubin.

Others are working to improve the ability 
to deconvolute mixtures, which can also lead 
to dead ends. Cybergenetics (Pittsburgh) has 
developed a software package, TrueAllele, 
which can take previously unanalyzable 
samples and give results that can be used with 
existing law enforcement tools. TrueAllele 
automates the analysis of raw STR data; using 
Markov chain modeling, it takes features such 
as peak height, shape and area, and calculates 
the probabilities that particular genotypes 
comprise complex profiles.

Not so fast
Another potential roadblock for incorporation 
of NGS into forensics involves privacy issues, 
especially where governments are involved. 
“Would the generation of additional data 
from genetic markers that might be linked 
to medical information result in privacy con-
cerns?” asks Sheppo. Peter de Knijff, professor 
at the Forensic Laboratory for DNA Research 
at Leiden University Medical Centre in The 

Netherlands, whose laboratory is actively 
involved in advising the Ministry of Safety 
and Justice in The Netherlands about pos-
sible future uses of NGS-based methods, says, 

Table 2  Commercial DNA testing laboratories
Forensics-focused companiesa (location) Identity/relationship focused companiesb (location)

Andergene Labs (Oceanside, CA, uSA) Affiliated Genetics

Anjura Technology (STACSDNA) (Fairfax, VA, uSA BRT Laboratories (Baltimore)

Bode Technology Group Cellmark DNA Paternity Services (Oxfordshire, uK)

Cybergenetics DNA Findings (Houston)

DNA Clinics (London) DNA Heritage (Houston)

DNA Diagnostics Center (Fairfield, OH, uSA) DNA Services of America (multiple sites in the uS)

DNA Reference Laboratory (San Antonio, TX, uSA) easyDNA (Elk Grove, CA, uSA)

DNA Resource (Washington, DC, uSA) Family Tree DNA (Houston)

DNA Security (Burlington, NC, uSA) Genetrack Biolabs (Vancouver, BC, Canada)

DNA Solutions (multiple global sites) Genetic Profiles (San Diego)

DNA Testing Solutions (Tampa, FL, uSA) Genetic Testing Laboratories (Las Cruces, NM, uSA)

DNA Worldwide (Frome, uK) GeneTree DNA Testing Center (Salt Lake City, uT, uSA)

Fairfax Identity Labs (Richmond, VA, uSA) Identigene (Salt Lake City, uT, uSA)

Forensic Bioinformatics (Fairborn, OH, uSA) Identity Genetics (Aurora, SD, uSA)

Forensic DNA Experts LabsDirect (multiple sites in uK)

Forensic Science Associates (Richmond, CA, uSA) Long Beach Genetics Esoterix (Rancho Dominguez, 
CA, uSA)

Future Technologies (Fairfax, VA, uSA) Oxford Ancestors (Oxford, uK)

Gene Codes Forensics Paternity Testing Corporation (Columbia, MO, uSA)

Genetic Technologies (Glenco, MO, uSA) Sorenson Genomics (Salt Lake City, uT, uSA)

Mitotyping Technologies (State College, PA, uSA)

Molecular World (Laval, Quebec)

Myriad Genetic Laboratories

Orchid Cellmark (multiple global sites)

QuestGen Forensics (Davis, CA, uSA)

PRO-DNA Diagnostic (Laval, Quebec)

SoftGenetics (State College, PA, uSA)

Sozer, Niezoda and Associates (Alexandria, VA, uSA)
aProvides services to forensic laboratories. bProvides services to individuals seeking information on ancestry and paternity.

Box 2  DNA profiles on demand
Many sequencing companies are racing to be the first to market 
with a portable, turnkey-type sequencer that can generate DNA 
profiles at the crime scene. This requires that the system be 
easy to use, and hardy enough to be transported and used by 
law enforcement personnel who likely lack scientific training. 
Instruments that fit the bill are just emerging. For example, 
IntegenX (Pleasanton, CA, uSA) recently released their RapidHIT 
instrument, which conducts STR-based profiling in fewer than 90 
min without a highly trained operator.

Partnering with Key Forensic Services in the united Kingdom 
for the initial implementation, IntegenX hopes to make RapidHIT 
accessible to law enforcement personnel. “Key Forensic Services 
are a perfect partner to both initially use and help implement law 
enforcement custody suite usage of rapid DNA identity systems, 
and in future help extend the usage to crime scene stains,” 
says Stevan Jovanovich, president and CEO of IntegenX. Other 
companies developing rapid DNA sequencing systems for a 
variety of applications include Lockheed Martin (Bethesda, MD, 
uSA) and ZyGEM (Hamilton, New Zealand), which together are 
developing a rapid DNA analysis cartridge, QuantuMDx (Tyne and 

Wear, uK), which has a nanowire-based point-of-care instrument, 
Q-POC and DNA Electronics (London) and geneOnyx (London), 
which are combing forces to create a device for on-site analysis for 
cosmetic purposes. Sandia National Laboratories (Albuquerque, 
NM, uSA), a uS government research facility, offer the Battlefield 
Automated DNA Analysis and Sampling System, a customized, 
droplet-based, digital microfluidic platform that can be used by 
soldiers with little scientific experience to analyze DNA samples 
on the battlefield.

The fierce competition to be first to, and best in, the market 
for rapid DNA sequencers can only further the overall goal of 
improving law enforcement. “The main challenge facing law 
enforcement is timely information,” says Jovanovich. “PCR is a 
technology that enables the analysis of vanishingly small amounts 
of DNA, but the law enforcement investigator needs information 
as soon as possible so that the crime scene does not get cold. 
IntegenX has integrated eight steps, including PCR, to streamline 
the determination of identity information to help catch bad guys 
faster.” In October, the company released the instrument for sale 
in the united States.  CS
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Box 3  Unlocking mysterious deaths

In the popular mind, forensic science is associated with the 
examination of a crime scene and presentation of evidence found there 
at a trial. But many of forensic scientists’ investigations are related to 
answering a much more basic question. What do you fill in on a death 
certificate after the words “cause of death”?

In over a little more than a decade, dramatic advances in both the 
technology of genetic testing and in our understanding of the genetics 
of certain conditions have given rise to a new way for coroners, medical 
examiners and pathologists to explain what have traditionally been 
the most troubling of deaths—so-called autopsy-negative sudden 
unexplained deaths (SuDs). SuDS are the incidences where seemingly 
healthy and symptomless people, largely between the ages of 1 
and 35, keel over and die. When traditional physical, toxicological, 
metabolic screens are done, no physical obvious cause of death 
can be found. Conducting what have come to be called ‘molecular 
autopsies’—largely tests for genes related to heart disease carried by 
the dead person—forensic scientists have been able to associate many 
previously mysterious deaths with heart arrhythmias that are known 
to strike and kill without any previous warning. But equally important, 
because there often are ways to prevent the heart attacks, molecular 
autopsies are being used as a pretext to test close relatives of the dead 
person for the deadly mutation and physical manifestations of the 
disease.

A mark of the speed of molecular autopsies application is that in 
1999 Mayo Clinic pediatric cardiologist Michael Ackerman and his 
colleagues in Rochester, Minnesota, reported conducting the world’s 
first such autopsy on a 19-year-old woman and then linking her 
death to a gene mutation that her sister also carried. They predicted 
that their discovery “holds potentially great importance for forensic 
science”7.

The blooming of that potential appeared in June when Ackerman 
and his colleagues reported that they had looked at samples of SuD 
cases sent to them over a 12-year period by medical examiners. When 
a molecular autopsy was conducted, mutations previously identified as 
pathogenic were identified in 26% of cases8.

Equally significant from a biotech perspective, genetic testing 
companies and laboratories—GeneDx, Partners Healthcare Center, 
Transgenomics and others—have over the past five to seven years 
begun to offer post-mortem tests both to detect deleterious mutations 
and to promote this testing. “We regularly go to medical examiners’ 
meetings,” remarks Sherri Bale, the managing director of GeneDx in 
Gaithersburg, Maryland.

Impressed with the promise of the analysis, some medical pathology 
offices are moving to make a molecular autopsy something like 
standard operating procedure. The Ontario Forensic Pathology Service 
has put in place a facility in Toronto to systematically collect, analyze 
and store tissues taken from SuD victims whose cause of death could 
not otherwise be determined.

And yet with all of these advances, when you talk to people in the 
field, whether researchers, genetic testing companies, coroners or 
medical examiners, there is a sense that the genetic autopsy revolution 
hoped for since 1999 is still idling in neutral gear. Part of this has to 
do with the necessity of a fundamental reconfiguration in how medical 
examiners and coroners conceive of their work and conduct their 
autopsies.

One issue is preservation of material. “One of the challenges is 
that the vast majority of tissue samples from autopsies are complete 
failures in genetic testing,” says Heidi Rehm, director of the 
Harvard-affiliated Laboratory for Molecular Medicine at the Partners 

Healthcare Center for Personalized Genetic Medicine in Cambridge 
Massachusetts. The formalin traditionally used to preserve body tissues 
in autopsies destroys the genetic reliability of the sample.

Equally importantly, a forensic autopsy traditionally is used to rule 
out a criminal cause of death whereas a genetic explanation for a SuD 
carries with it an implicit ‘duty to warn’ responsibility to living family 
members. This challenges medical examiners and coroners, many 
of whom have no medical training and in North America are often 
political appointees, to change into something they have never been 
before—physicians.

Silvia Priori, professor of medicine at the New York university 
School of Medicine, has worked closely with the New York City Office 
of Chief Medical Examiner, which has developed an expertise in 
genetic testing, as a result of their efforts to identify remains after the 
9/11 attacks. She says follow-up testing on family members whom 
an autopsy indicates could be carrying a lethal mutation is not taking 
place because medical examiners “aren’t organized to do a follow-up.”

Not all coroners are equally stuck. In Ontario, provincial forensic 
pathologist Kris Cunningham says his department has put in place 
a protocol where close family members will be told if a mutation has 
been found in a deceased relative that they may carry. And they will 
also be counseled to go to a doctor for an examination and possibly a 
genetic test.

Circling about all this comes the issue of who pays for a molecular 
autopsy which, depending on the test, can cost anywhere between 
$2,500 and $9,000. In most places around the world, both private 
medical insurance and government-covered health coverage ceases 
at death. This means that families wanting to learn if there is genetic 
explanation for the unexpected death of a loved one usually have to 
pay themselves.

In response to economic issues coroners and grieving families 
regularly try to convince research institutions to slip molecular 
autopsies onto their research budgets even though the testing, “is not 
really a research question any longer...it is a clinical question,” says 
Ackerman.

And none of this addresses the most confusing question of all. 
Whereas in some diseases, the link between a mutation and a 
potentially fatal condition has been strongly made—mutations in three 
genes explain roughly 75% of all Long QT cases (a rare potentially 
serious heart condition spotted by irregular EKGs)—in many conditions 
the linkage between genetics and the course of a genetically inherited 
disease is extremely amorphous. For example, mutations that can 
cause death in some arrhythmogenic right ventricular cardiomyopathy 
carriers are apparently benign in others. But even more troubling 
are the hundreds and hundreds of “mutations of unknown clinical 
significance” which regularly are found when general screenings of 
genes linked to the rare heart conditions are made.

All this has led cardiologists to walk softly when it comes to 
routinizing molecular autopsies. “In the setting of autopsy-negative 
SuDS...testing may be considered in an attempt to establish probable 
cause and manner of death and to facilitate the identification of 
potentially at-risk relatives,” is how a consensus paper by European 
and North American cardiologists put it last year9.

So what is the way forward? One answer may be showing that 
however expensive it is, molecular autopsies are still cheaper than a 
continual physical testing of living family members who genetically 
may be at risk for SuDs. It is an analysis that Ackerman is working 
on based on the 173 cases and he says the results will hopefully be 
published soon.  SS
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true for new diagnostics—the issue is not 
how many people get no medical insight, 
but rather the number of patients who are 
helped by the new technology,” says Church.
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Others downplay concerns about storing 
private information that might be used against 
people. “There is, of course, the worry about 
genetic information being used by others to 
stigmatize and discriminate, but that means 
someone would have to get access to a person’s 
genomic data and so far I don’t see that being 
very easy to do. People already are stigmatized 
and discriminated against without anyone 
knowing their genetic information,” says Karen 
Maschke, research scholar at the Hastings 
Center (Garrison, NY, USA).

Fight on
Identity testing has become a cottage indus-
try, with a host of companies offering genetic 
testing for various legal reasons—paternity, 
immigration—whereas others cater to the 
needs of law enforcement (Table 2). “If popu-
lar culture and media are the meters by which 
we measure society’s feeling toward a science, 
it is clear that society is very interested in the 
forensic sciences,” says NIJ’s Sheppo. And 
the benefits go beyond criminal applications. 
DNA technology has been brought to bear in 
other areas of forensic sciences, such as solv-
ing cases of unexplained deaths (Box 3).

But as with most areas of science, levels of 
funding are linked to technology advancement. 
It has taken government support in the past 
to advance major improvements in the foren-
sic sciences. In 2006, the NIJ provided over  

$107 million to fund a five-year study, which 
supported the expansion of forensic DNA 
applications in state and local laboratories, 
bringing capillary electrophoresis and robotic 
automation, as well as many additional tech-
nological advances to state and local forensic 
laboratories. NIJ’s Sheppo points out, “Without 
this kind of government support, it is difficult 
to imagine that forensic DNA laboratories 
would have been able to expand in the way that 
they have over the last decade.” But there are 
still areas in need of improvement. According 
to Bruce Budowle, director of the University of 
North Texas Health Science Center’s Institute 
of Investigative Genetics, “The limitation with 
CODIS is [that it is] driving casework rather 
than casework driving CODIS.”

It’s not clear where the next set of advances 
will come. “The early adopters may not be in 
law enforcement,” says Kevin Lothridge, CEO 
of the National Forensic Science Technology 
Center (Largo, FL, USA), a nonprofit agency 
that provides training and technology assess-
ment. “They may be in other arenas that use 
forensics and biometrics, such as Homeland 
Security, the Department of Defense or [the] 
US border patrol.”

Harvard’s George Church finds that the 
potential benefits justify the efforts. “The 
issue is not whether the new forensic tech-
nology is perfect, but whether it is better 
than eyewitness sketches, etc. The same is 
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