SCIENCE IN COURT NEWS FEATURE

DNA'S IDENTITY CRISIS

It may be the gold standard of forensic science, but questions are now being raised about DNA
identification from ever-smaller human traces. Natasha Gilbert asks how low can you go?

hen Peter Hoe was found

stabbed to death in his home

in North Yorkshire, UK, in the

afternoon of 13 October 2006,
investigators were able to connect the murder
to brothers Terence and David Reed on the
basis of a small amount of DNA lifted from
shards of plastic found near the body. The men
were convicted the next year.

But an appeal to the ruling heard in 2009
raised questions about the reliability and inter-
pretation of DNA profiles drawn from very
small amounts of genetic material, a tech-
nique known as low-copy-number analysis.
In the appeal, the Reeds’ lawyers argued that
Valerie Tomlinson, an officer involved in the
analysis at the Forensic Science Service (FSS)
based in Birmingham, UK, had overstepped
her bounds by speculating how the mens DNA
came to be on the pieces of plastic — thought
to have broken off two knife handles. The
appeal failed last December, but a larger ques-
tion looms about how suspects can be fingered
from such a small amount of DNA.

The case is one of the most recent public
airings of a highly charged debate in the sci-
ence and law-enforcement communities about
low-copy-number analysis. Some argue that
profiles are not reproducible, are prone to
contamination and lack a scientifically vali-
dated means for deciding on their accuracy.

Moreover, the methods and procedures
employed are shrouded in secrecy — leading
some forensics researchers to demand that the
interpretation of such profiles, if not the prac-
tice itself, be re-evaluated.

Low-copy-number analysis is accepted in
just a handful of countries including Britain
and New Zealand, but it is being applied in
many cases. The FSS says that it has used the
technique in more than 21,000 serious criminal
cases since its development in the late 1990s.
Recent appeals aftirming the validity of low-
copy-number typing suggest that law enforce-
ment may increasingly embrace the technique.
Some suggest that its wider acceptance could
threaten DNA profiling’s 20-year reputation as
the gold standard of forensic science. Contrary
to the public’s perception, “DNA evidence is
not flawless”, says Peter Neufeld, co-director
of the Innocence Project, an advo-
cacy group in New York that has
campaigned for broader access to
DNA evidence to overturn wrong-
ful convictions.

British geneticist Alec Jeffreys developed
DNA profiling in the 1980s. Profiles are drawn
from short, repeating sequences of DNA scat-
tered throughout the genome, called short
tandem repeats (STRs). Because the number
of repeats varies widely from person to person,
the length of these STRs is also highly variable,
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"DNA evidence

is not flawless."

meaning that by measuring several STRs —
between 10 and 17 — forensic scientists can
declare with calculable probability whether
DNA left at a crime scene belongs to a suspect.

A soupcon of cells

Scientists employ the polymerase chain reaction
(PCR) to amplify the STRs to detectable lev-
els. The copies are then separated according
to size by electrophoresis. The different-sized
STRs show up as a pattern of peaks on an elec-
tropherogram that can be compared against a
database or an individual.

Standard DNA analysis requires about 200
picograms of DNA, 33 cells’ worth, or twice that
for haploid sperm cells. Technicians can gener-
ally get more than enough DNA from visible
samples such as blood or semen. But to produce
profiles from just a few cells, scientists have
developed ways of increasing the
sensitivity of the analysis, includ-
ing running more PCR cycles
to copy more DNA or purifying
the sample after PCR to remove
unused reagents. In many cases the amount of
starting material for low-copy-number analy-
sis is unclear. The quantitation methods, also
based on PCR, can suggest that no DNA is
present, but the technicians will still be able to
produce at least a partial profile. This sensitivity,
although remarkable, has a downside.
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During analysis of any sample, large or
small, random fluctuations occur that distort
the results. STRs present in the original sam-
ple might not show up — a ‘drop-out’ effect. In
addition, profiles can show STRs that are not
present in samples. This ‘drop-in’ effect can be
caused by contamination.

These stochastic effects are easily spotted
and ruled out from standard analysis because
there is enough DNA to run multiple controls,
and generally the strong signals from true STRs
can be distinguished from the faint peaks of
drop-ins. But when pushing the signal as far as
it will go, even faint, artefact peaks are ampli-
fied, making them look more acceptable.

Bruce Budowle, a forensic and investigative
geneticist at the University of North Texas in
Fort Worth and a former scientist at the Fed-
eral Bureau of Investigation (FBI), gave evi-
dence criticizing low-copy-number analysis
at the Reeds’ appeal trial. He argues that the
methods for determining whether a signal
is true in low-copy-number analysis haven't
been validated.

In low-copy-number profiling, forensic
scientists generally split their limited amount
of DNA into two or three samples and run
analyses on two of them. The third, if avail-
able, is reserved for the defence. The results
of analyses aren’t completely reproducible,
profiles often won’t match and the scientists
generally accept as true those STR signals that
show up in both runs. The practice is worry-
ing, says Budowle: “The logic of this approach
makes some sense, but the confidence in it has
not been assessed.”

Inherent bias?
Common forensics practices can also lead to
biasing errors, says Dan Krane, a molecular
evolutionist at Wright State University in Day-
ton, Ohio. “Forensic scientists tell me that it is
easier for them to distinguish between noise
and what is really coming from the DNA if
they have a reference sample to work with,”
he says. Low copy number or not, that refer-
ence sample is often the suspect’s DNA — and
faint peaks in a crime-scene sample might
seem more convincing when viewed side by
side with a strong peak from the suspect. Only
a couple of labs in the United States, he says,
require blind testing in their protocols.
Critics’ fears are confounded by an unwill-
ingness of the labs that use the technique to
reveal their guidelines for interpreting results.
Labs should be forced to disclose details, says
Budowle. Given the technique’s reproducibility
problems, he argues it is imperative that these
protocols are robust and reliable. But “none of
the labs disclose what they do. They say it is
proprietary information,” he says.
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Sean Hoey was cleared of all charges relating to
the Omagh bombing in Northern Ireland.

The FSS did not respond to several interview
requests, but Peter Gill, a forensic scientist at
the University of Strathclyde in Glasgow, UK,
who developed low-copy-number typing in a
former post at the FSS', says that the quality of
the science “is not in question”. Although drop-
in and drop-out effects are more pronounced
than in standard analysis because
of the sensitivity of the technique,
operating in clean conditions and
monitoring negative controls
should avoid serious issues.

The effects of drop-in and
drop-out can also be accommo-
dated statistically, reducing the
reliance on human judgement,
he says. But the probability theory that deals
with these stochastic effects is not yet in use
in forensic circles. He says that statisticians
have not had the funding to adapt the existing
theory to forensic use. “It is a disappointment
that tools to enable better interpretation have
not kept pace with developments in forensic
science over the past ten years,” he says.

All these concerns have led some countries to
approach the use of low-copy-number analysis
with caution. In 2001, the FBI recommended
that it be used only in certain circumstances in
the United States, such as for identifying the
bones of someone suspected of being a missing
person. Its use has been controversial in Brit-
ain, too. Sean Hoey was accused of killing 29
people in an explosion that destroyed the town
centre of Omagh in Northern Ireland in 1998.
Central to the case against him was a low-copy-
number analysis of DNA left on bomb parts
connected to the attack.

Hoey was freed on appeal in 2007. The judge
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“None of the labs
disclose what

they do. They say
itis proprietary
information.”

presiding over the case expressed “concern
about the present state of the validation of the
science and methodology”, and its use was sus-
pended in British courts. Buta UK review of the
technique published in 2008 concluded that the
method is “robust” and “fit for purpose’, and its
use was reinstated’. In March 2009, a judge in
California ruled that, due to a lack of scientific
acceptance of the procedures and statistics
used to interpret low-copy-number results,
such evidence was inadmissible. More recently,
however, a judge in New YorK’s supreme court
denied a motion to exclude low-copy-number
DNA evidence in a murder trial, ruling that the
technique is reliable.

The courtroom is not the best place for the
science of low-copy-number analysis to be
debated, says Allan Jamieson, director of the
Forensic Institute in Glasgow, which provides
forensic-science services to UK police forces.

Jamieson, who gave evidence in the Reed
brothers’ and the Omagh bombing trials, says
that the forensics community must validate
procedures and further investigate the issues
that low-copy-number profiling has brought to
light, before scientists and courtrooms can have
confidence in the results. “The public does not
understand that just because your DNA is on
an object it does not mean you have touched it;”
he says. A point of contention in the Reeds’ case
was whether the Reeds had ever
come in direct contact with the
plastic knife handles, or whether
they might have transferred DNA
indirectly through someone else’s
touch, or, say, by sneezing.

As Budowle says, “with [low-
copy-number typing] you can’t
say what the tissue source is”.
Scientists, he says, “overstep the line” when
interpreting the results of low-copy-number
typing in court cases.

But Gill disagrees. “Scientists are there to
explain what the evidence means,” he says. “It
is their responsibility to explain all the pos-
sibilities of how the DNA got there and then
itis up to the court to decide” The arguments
are likely to continue. ]
Natasha Gilbert writes for Nature from
London.
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See Editorial, page 325; News Features,
pages 340 and 344; Opinion, page 351; and online
at www.nature.com/scienceincourt.
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