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T he advent of forensic DNA analysis in 1985 signaled
more than just the next stage in scientific criminal
investigation. It began a sweeping change in the rela-

tionship of law enforcement to criminal and victim—an inti-
macy of molecular connection somehow deeper than that of
simple fingerprints, flecks of blood, dental records, or chips of
bone. Genetic identity seems somehow both more abstract and
yet more intimate than many other forms of evidence. DNA
can help identify a dead son or daughter from a mother’s
mitochondria, can indict a rapist through fragments of flesh
beneath fingernails or through vaginal swabs from a victim,
living or dead. It can find a murderer from a single hair, a
sweaty cloth, the dried saliva on a ski mask or a cigarette,
from skin cells on a strangled neck, or from a microscopic spot
of victim’s blood on a watchband “witness” to the crime. 

And in a tragic world, DNA can help collate and identify
the pieces of bodies scattered by the horror of mass destruc-
tion, from skeletal remains or decomposing flesh. All these are
sad “successes”—the scientific victory of DNA against an
unchangeable past. DNA forensics prepares for painful futures
as well. Soldiers plan for death by giving samples of their
identity to their governments, and felons have their DNA
patterns banked to seal their fate for unsolved past, or
expected future, crimes.

Genetic Fingerprinting 
Although forensic scientists prefer to use the words

genetic typing rather than genetic fingerprinting to avoid
confusion with standard fingerprint techniques, the basic
principle is the same—to identify someone from the unique
pattern of their individuality—in this case, from their DNA
instead of the surface of their skin. But humans are surpris-
ingly the same; all of us, whatever our race, collectively share
a 99.9% identical genome. Within that mere tenth of a
percent difference lies our unique genetic identity. Even more
surprising, the differences used by forensic investigators are
not in the actual genes that create our different physical and
physiological features, but in the so-called “junk DNA”. And
for the most part, identification relies on differences of specif-
ic DNA length, not kind.

In every human, strings of identical nucleotide repeats lie
within the noncoding region of the DNA. One analogy is to
think of sentences in which a single word word word word word
is repeated over and over again again again a different number
of times times. In one genome, “word” may be repeated 7
times, in another, the same “word” is repeated 8 times, in still
another, 14 times and so on. This universal yet variable
number of repeated sequences is the source of the most
common form of DNA identification. Generally, there is a
statistical range in the number of times each word is repeat-
ed in a given genetic location across the entire human popu-
lation. Equally, there are a large number of such repeated
sites, as in the example above, where both “word”, “again”,
and “time” are repeated independently of one another. Such
differentially iterated sequences are called VNTRs (variable
number of tandem repeats). Because these regions exist in
specific locations in the chromosomes, the ones used for iden-
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tification have fixed enzyme cutting sites on each side of the
sequence of repeats. 

This means that any changes to the length of the DNA—
which show up as bandshifts in DNA gels—is solely due to the
different number of “word”s present in a given individual
compared with another. Because humans have two copies of
each chromosome, one from the father, one from the mother,

each VNTR locus analysis can show two possible bands (one
from each parent) that may or may not be identical. In a
simple example, if five different VNTRs were examined in a
scrap of tissue found under a corpse’s fingertips, the tissue
(presumably from the killer) might show a numerical DNA
“distance” banding pattern of 8/9-12/10-14/14-19/11-10/8.
Each number pair represents the excised pieces of the two
matched chromosomes of a particular VNTR run on a gel. If a
potential suspect showed 9/9-13/12-14/14-19/11-12/8 for
the same five VNTR probes, this would be considered a
complete exclusion of the suspect as the source of the tissue
in question, despite the commonality of two of the five loci. 

Because of the uniqueness and permanence of an individ-
ual’s DNA, any experimentally verifiable mismatch is suffi-
cient to exclude the suspect. A complete match provides
probabilistic information as to the likelihood of identity.
Ideally, the probability that the match was identical by
accident (i.e., a subset of a larger genome that has as yet
undemonstrated differences at other loci) should be smaller
than 1/6,000,000,000—the human population of the planet.
Typically, the likelihood of an error is often in the range of one
over state or national population numbers—far greater than
any reasonable number of suspects in the case.

Unfortunately, because of the vagaries of experimental
conditions and problems with the source material, the pres-
ence, absence, or comparative location of a DNA band on a gel
can sometimes fall to a debate between expert witnesses
rather than a scientific certainty, especially if all of the origi-
nal evidentiary sample was used up and further testing is
impossible. 

STRaight to the Solution
Originally, VNTRs were fairly lengthy (some hundreds of
nucleotides that could be repeated hundreds of times). This

limited their usefulness in several ways—functionally, in
terms of laboratory time to analyze them, and practically,
forensic DNA samples are often degraded—which makes find-
ing sufficient numbers of intact longer regions less likely.
Thus, the use of “short tandem repeats”, or STRs, is the new
state of the art in DNA fingerprinting.

The core units of STRs are only 3–5 nucleotides long and
the numbers of repeats they attain are significantly smaller (in
the single- to double-digit range rather than in the hundreds).
Every human genome contains, at minimum, hundreds of
different STR regions. Thus, their potential for identification
purposes is vast. Because STRs are so small, to get enough of
them to be practically visible using current DNA analytical
instrumentation requires an initial amplification step. This
means using polymerase chain reaction (PCR) instrumenta-
tion. Instead of using enzymes to cut each STR out of the
parent chromosome, PCR uses defined primers—short oligonu-
cleotide sequences—that flank the STR sequence. These
primers are unique for each sequence, enabling highly repro-
ducible and automated analysis. Typically, some 10–17 differ-
ent STR regions are used for most forensic purposes, and
commercial kits (including the PCR primers needed for each
STR region analysis) are readily available, including the Profil-
er Plus and COfiler kits from Applied Biosystems (www.applied
biosystems.com) and the PowerPlex kit from Promega
(www.promega.com). After PCR, capillary electrophoresis is
used to separate the amplified products. Single STR analysis
can be done with silver staining of the bands. The use of fluo-
rescent microprobes specific to different STRs allows for rapid
discrimination and automated analysis of the complex band-

ing pattern produced when simultaneously analyzing more
than one locus. Automated genetic analysis systems such as
the Applied Biosystems ABI 310 Genetic Analyzer and the
Hitachi FMBIO II are typically used. 

Recently, there has been some movement toward STR analy-
sis using microchip hybridization and fluorescent analysis by
companies such as Nanogen (www.nanogen.com). Time-of-
flight analysis of PCR products from STR runs has been demon-
strated using a Bruker MS system (www.daltonics.bruker.com).
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DNA and September 11, 2001

The accumulated remains of victims of the terrorist
destruction of the World Trade Center are being identified
primarily using mitochondrial analysis. Samples from the
victims’ families (mothers, siblings, or maternal relations)
are being sequenced for comparison to tissue and skeletal
remains, as are personal effects, such as toothbrushes, hair-
brushes, used facial tissues, even chewing gum remnants.
Normal STR analysis is not being attempted because of the
severe degradation of most of the samples—due to intense
heat or the delay in finding the fragmentary remains in the
large amount of rubble. The projected timespan for com-
plete identification of found remains is considered to be on
the order of years, rather than months, despite hurried
attempts to improve and automate the analysis systems
(Miller, 2002).

TABLE 1: These remains have a name.

Identifying skeletal remains of a presumptive death squad kidnap-
ping victim in Columbia using STR comparisons with presumed
parental DNA and that from the son’s teeth preserved by the
parents. Note that the two values (A/B) represent the STR results
obtained from the two copies of each chromosome.

STR Locus (3 of 9 shown)

DNA source F13A01 FESFPS VWA

Presumptive Father 6/3.2 13/11 16/14
Presumptive Mother 5/4 11/10 17/16
Childhood Teeth 4/3.2 11/11 17/14
Bone Remains 4/3.2 11/11 17/14

(Adapted from Yunis, J. DNA Typing in Columbia. Presented at the 10th Inter-
national Symposium on Human Identification, Lake Buena Vista, FL, 1999.)



Table 1 shows a real-world example of identifying human
remains using STR analysis.

Inaugurated in 1998, the FBI CODIS (Combined DNA Index
System), is an automated DNA forensic analysis system used in
the United States and more than a dozen other nations for
processing and distributing DNA profile data from convicted
felons (typically those convicted of rape, murder, or child
abuse). In 2000, the FBI converted from use of the longer
VNTRs to multiplex STR analysis (with 13 primary markers).

The Mitochondrial Mirror
Mitochondrial analysis is typically required when there has been
significant degradation of nuclear DNA—an all too common
occurrence in confronting crimes long after the fact—such as
mass graves in Latin America, Africa, or the Balkans, or at
scenes of catastrophic destruction such as after plane crashes,
fires, and most notably now, the attacks on the Pentagon and
World Trade Center last year (see box, “DNA and September 11,
2001”). It is also used extensively for postconviction relief
because of its ability to analyze much degraded or aged samples,
skeletal remains, and collected hairs (evidence in existence well
before DNA typing). Unlike nuclear DNA, the mitochondrial
genome is circular, exists in more copies per cell (thousands of
copies compared with one), is less apt to degrade, and is inher-
ited exclusively from the mother. Tandem repeats are not
analyzed, but instead small highly variable regions of the mito-
chondrial genome are. Analysis is 10–100 times longer than STR

because the material has to actually be sequenced. Qualitative
rather than quantitative features are examined, although
attempts are being made to automate this process that promise
to increase efficiency significantly (Miller, 2002).

Corpus Detecti
Of course, DNA information is only as reliable as the individual
who collected it, the technicians who processed it, and the
statistical databases that backed it up. With any luck, these
databases link markers to discrete populations—not to some
nebulous mass of humanity. (If one’s brother commits a murder,
or one is part of a discrete ethnic minority with different mark-
er probabilities from the overall population, it is not appropri-
ate to indict using the statistics of some “average human”. This,
in fact has been one of the most serious complaints against the
technology in the past and has led to weighted estimates that
require identity to be established using statistics that incorpo-
rate the largest error rates possible under the circumstances of
the crime). But this is also predicated on the quality of the
experts who testify about the DNA, not to mention the judge or
jury who decide upon it. One need only consider the controver-
sy surrounding the O. J. Simpson trial.

The proper use of DNA evidence in a socially responsible
fashion is not guaranteed by the technology itself. For the
moment, although the DNA methods can identify individuals,
they cannot identify specific characteristics of the persons,
since noncoding regions of the genome are being used. But
this does not preclude the problems that a future use of DNA
to reveal personal traits might create—especially DNA from
the high-quality samples being assembled in forensic data
banks. In fact, this is one of the long-term goals for identifi-
cation of unknown suspects—finding the genes for skin, eye,
and hair color, probable height and weight, and more. But as
the genome is deconstructed, knowledge of health status,
current and predicted, is likely to also be available. And the
same forensic technology is likely to become readily accessible
to anyone, perhaps to insurance companies or their investiga-
tors, or to potential employers. The global issue of privacy is
not just in protecting the banks, but in the technology that
makes them useful. 

But to many, such worries seem to pale in significance
when confronted by the body of an unidentified victim, the
spoor of a vicious killer, or the face of a kidnapped child. And
perhaps that is the danger, after all.
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Mark S. Lesney is a senior associate editor of Today’s Chemist
at Work. Send your comments or questions regarding this article
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36 TODAY’S CHEMIST AT WORK AUGUST 2002 http://pubs.acs.org/tcaw


	Advertisers: Advertisers
	Argonaut Technologies: Argonaut Technologies          www.argotech.com                  Reader Service No. 4
	Cannon Instrument Co: Cannon Instrument Co.         www.cannon-ins.com                Reader Service No. 7


