
Chapter 3

Validity, Reliability, and
Quality Assurance

‘‘Science is one of the very few human activities in which errors are systematically criticized and
fairly often, in time, corrected. ”

Sir Karl R. Popper
1902-

“In most cases, reasonable prudence is in fact common prudence; but strictly it is never its
measure; a whole calling may have unduly lagged in the adoption of new and available devices. It never
may set its own tests, however persuasive be its usages. Courts must in the end say what is required;
there are precautions so imperative that even their universal disregard will not excuse their omission. ”

Justice Holmes
The T.J. Hooper, 60 F.3d 737 (2d Cir. 1932)

“The right to search for truth implies also a duty; one must not conceal any part of what one has
recognized to be true. ’

Albert Einstein
1879-1955
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Chapter 3

Validity, Reliability, and Quality Assurance

Given the variation in DNA sequence among
individuals (see ch. 2), no scientific doubt exists that
technologies available today accurately detect ge-
netic differences. Properly performed and inter-
preted, a sufficiently detailed examination of two
samples of DNA can determine if DNA patterns
match, and, if they do, the likelihood that a single
source is responsible for both samples (except in the
case of identical twins).

Nevertheless, it is generally agreed that applying
DNA tests to forensic samples, especially criminal
evidence, potentially presents more difficulties than
analyzing samples in basic research or clinical
diagnosis. Samples from crime scenes are frequently
small and might be of poor quality because of
exposure to a spectrum of environmental onslaughts.
And unlike paternity samples, where each sample is
from an identified source, the contributor to evi-
dence taken from a crime scene is often unknown. To
date, several studies have elucidated ways to over-
come some of the demands of using DNA typing on
forensic samples. Other efforts are under way to
further refine and develop strategies that adhere to
generally accepted practices in the scientific com-
munity.

What, then, constitutes a sufficient examination
of a forensic sample? When does “sufficiently
detailed” become unduly burdensome? What crite-
ria are necessary for valid and reliable DNA typing
of forensic samples? Does consensus exist for some
scientific issues and not others? If so, what can be
resolved? Is resolution necessary for all scientific
issues? If not, what areas can and should be covered,
and what areas are best left to the discretion of the
forensic analyst? What are the best mechanisms for
settling differences of opinion? And finally, who
decides? As the U.S. criminal justice system increas-
ingly turns to DNA tests, these questions, some of
them pressing, must be addressed.

This chapter identifies and analyzes several key
issues that bear on the validity and reliability of
DNA tests for forensic uses, including:

●

●

technical advantages and limitations of the
restriction figment length polymorphism (RFLP)
technique,
technical advantages and limitations of the
polymerase chain reaction (PCR) technology,

●

●

standards-laboratory and personnel-for en-
suring accurate DNA typing in the forensic
context, and
mechanisms for quality assurance.

For some issues, agreement or near agreement has
been reached; the chapter describes these areas. It
also examines how consensus has been achieved in
other applications of DNA techniques or in new
medical technologies, and analyzes how such proc-
esses could pertain to forensic applications of DNA
technologies. Finally, the chapter discusses congres-
sional, Federal, and State interest in quality assur-
ance.

VALIDITY AND RELIABILITY OF
DNA TECHNOLOGIES

An important matter in the use of DNA as
evidence (see ch. 4) is whether the detection meth-
ods are scientifically valid. Validity centers on
whether a test will correctly identify true matches
and true nonmatches. For RFLP analysis, a valid test
or set of tests would not falsely classify or exclude
a subject by yielding a profile not true to type, i.e.,
a spurious pattern would not randomly arise. The
Office of Technology Assessment (OTA) finds
that molecular and genetic principles underlying
DNA techniques are solid and can be successfully
applied to forensic casework. Forensic uses of
DNA tests are valid.

Initial concerns about the validity of DNA typing
for forensic applications focused on the nature of the
samples. Casework samples are obtained from a
variety of less-than-sterile materials (e.g., glass,
wood, dirt, and fabric) that are often subjected to
sunlight, moisture, or desiccation. Samples can also
be contaminated with unknown genetic material
such as bacteria, plant, or animal secretions. Valida-
tion studies, however, have established that general
DNA techniques are applicable for the breadth of
conditions likely to be encountered in forensic
casework, and have dispelled notions that RFLP
analysis is invalid because of such conditions. For
RFLP analysis, these studies confirmed that forensic
samples in and of themselves are not barriers to
applying DNA technologies that use single-locus
and multilocus probes (2,19,32,34,35,50,52,66,67).

–59–
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Similar validation studies for PCR are being per-
formed (18,25,82).

A second aspect of DNA testing of forensic
samples is reliability. Any test must be reliable
i.e., it must measure reproducibly that which it is
capable of measuring under routine conditions of
use. Reliable tests must perform reproducibly within
a laboratory, across many laboratories, and in the
hands of different practitioners. Thus, reliability
involves several factors, including the procedures
used, laboratory performance, laboratory recordkeep-
ing, quality control, and quality assurance. OTA
finds that, properly performed, DNA technolo-
gies per se are reliable.

A reliable procedure, used carelessly, does not
render the test unreliable-the particular test result
would be in question. For forensic DNA analysis,
questions exist about the appropriateness of using
certain procedures over others, how data are
interpreted, or about the extent or type of quality
control and quality assurance necessary to mini-
mize human factors and ensure that a particular
test result is reliable (62,70,86). As described later
in this chapter, some argue that because greater
experience exists for RFLP analysis, it is currently
more reliable than PCR.

Finally, although forensic uses of DNA tests are
valid and reliable when performed properly, many
harbor the misconception that DNA typing applied
to forensic samples always yields a ‘‘yes’ or “no”
answer. A test that does not give a ‘‘yes’ or ‘‘no’
each time is not incorrect, nor unreliable. An impor-
tant and often overlooked result of an analysis could
be “inconclusive”—a result that should not be
misconstrued as either a match or exclusion.

Single-locus Probe Analysis

Several acceptable protocols exist to determine
whether two samples yield similar or different DNA
patterns at various loci. In forensic applications, the
method most commonly employed in the United
States involves using DNA probes that detect size
dissimilarities among individuals at certain loci. By
using several probes in combination or sequentially,
an exam]nier can determine whether DNA patterns
from questioned samples are consistent with a sus-
pect’s pattern (figure 3-1) or, in paternity cases,
whether an alleged father’s pattern is consistent with
a child’s (figure 3-2).

Figure 3-l—Example of One DNA Pattern
in a Rape Case

Biological evidence from this rape case was separated by labora-
tory techniques into separate male and female fractions. After
single-locus RFLP analysis of these fractions and known samples
obtained from the victim and suspect, the results reveal that—for
this particular probe~the DNA pattern of the male fraction matches
the pattern of the suspect.
SOURCE: Federal Bureau of Investigation, 1989.

The basic tool used in single-locus and multilocus
probe analysis is called Southern blotting, or South-
ern transfer (84) (see ch. 2). One of the workhorses
of molecular biology, the process has been in daily
use in thousands of laboratories for over a decade.
Thus, extensive experience with Southern blotting
in research and clinical testing supports the consen-
sus that the technology itself is both a valid and
reliable method to examine DNA.

The widespread use of Southern blotting has
demonstrated that accurate and reliable single-locus
analysis can be obtained across a broad spectrum of
conditions. It has also defined the range of artifacts
and errors that can occur, and led to solutions to
avoid or minimize problems. For example, although
partial digestion, differential electrophoresis, cross-
hybridization, background hybridization, loading
errors, probe contamination, incomplete stripping of
membrane before rehybridization, and loss of small
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Figure 3-2—DNA Typing in Two Paternity Cases

Ml Cl AF1 M2 C2a C2b AF2

DNA typing in two different paternity disputes revealed that the
alleged father (AF) is the biological father in case 1, but not in case
2. Note that all bands present in the child in case 1 (Cl) can be
accounted for in either the mother (Ml) or alleged father (AF1 ), In
case 2, however, no bands from the alleged father (AF2) appear
in either child (C2a and C2b), nor do bands that the children do not
share with their mother (M2) match any present in the alleged
father (A2). This analysis involved a “cocktail” of four single-locus
probes.
SOURCE: Cellmark Diagnostics, 1989.

Photo credit: Federal Bureau of Investigation

“Southern blotting”: DNA is being transferred from gels
to nylon membranes. The gel is placed on a sponge, which
sits in a salt solution. The nylon membrane is placed on the
gel, and a stack of filter papers on top serves as a wick
that draws the salt solution up through the sponge, gel, and
membrane~a process that results in the transfer of DNA

from the gel to the membrane. (The glass plate
serves as a weight.)

fragments during electrophoresis are all problems
that have occurred atone time or another in laborato-
ries, a variety of scientific controls make it possible
to recognize, or account for, such situations. Further,
most artifacts generally will lead to false non-
matches, or exclusions (although false inclusions
could occur, e.g., by incorrectly placing DNA sam-
ples on a gel or by loss of bands due to sample
degradation) (63).

Nevertheless, forensic applications of single-
10CUS analysis make somewhat different demands on
the method than research and clinical applications.
Whereas diagnostic testing usually consumes only a
fraction of a typical sample, from which a test can be
repeated, forensic case samples can be degraded,
contaminated, or in limited supply. DNA diagnos-
tics generally involves determining which RFLP a
child has inherited from each parent. Since a total of
at most four possibilities exists for the child (two
alternatives from the mother multiplied by two
alternatives from the father), the system has built-in
consistency checks that alert scientists to errors,
such as extra or missing bands; because choices at
diagnostic loci are discrete, the results can typically
be scored by visual examination alone. In contrast,
a continuum of possible fragment sizes exists at loci
screened in forensic DNA testing; precise measure-
ments of the fragment lengths and objective stan-
dards for deciding whether DNA patterns match are
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essential. Finally, detailed population genetics anal-
yses are not required in diagnostic DNA testing
because conclusions depend only on the samples
tested. Forensic analysis, however, requires infor-
mation about the frequency of DNA patterns in the
general population if conclusions are to be drawn
about the probability that matched patterns arose
from one contributor, or whether many people in a
community could have been the source.

Thus, it is important to identify potential sources
of errors that could lead to false nonmatches and
matches when DNA technologies are used on foren-
sic samples. Most would agree that avoiding false
matches in criminal cases is paramount, because
decisions regarding liberty, and sometimes life, are
at stake. Broadly speaking, three central issues must
be considered in evaluating single-locus probe anal-
ysis:

●

●

●

the artifacts that might appear, which might
lead to a false interpretation, match or non-
match, of the samples;
the accuracy involved in declaring that bands
are a match or nonmatch between two RFLP
patterns; and
the population characteristics of RFLP pat-
terns. (Although the validity of forensic DNA

ics, when DNA typing results do not exclude an
individual, population genetics becomes essen-
tial to the interpretation.)

Controls to Avoid Artifacts

Forensic DNA tests generally involve limited
quantities of samples that could have been exposed
to centaminants or environmental insults. In some
instances, forensic samples might have marginally
sufficient DNA to analyze; if too little DNA is
obtained, less intense bands might not be detected,
misleading the analyst. Some forensic DNA samples
might be partially degraded, resulting in the isola-
tion of an insufficient quantity of high molecular
weight DNA; depending on the probe used, large
fragments might not be detected. Finally, forensic
samples can contain chemicals, or DNA from addi-
tional sources (a second person or bacteria), that
interfere with complete DNA digestion by the re-
striction enzyme or normal gel electrophoresis.

In different ways, each of these situations could
create problems that might interfere with analysis or
interpretation of forensic DNA test results. Several
factors to minimize potential problems are impor-
tant, including: quality control of reagents; choice of
enzyme and probe (box 3-A); and built-in scientific

tests per se does not involve population genet- flags, or controls. Controls are especially critical.

Box 3-A-Considerations for Choosing Forensic Single-locus Probes

Over 3,000 RFLP loci have been identified to date, including more than 100 highly polymorphic loci at which
many alleles exist in the population. With such a wide range available, DNA probes that minimize possible
ambiguities can be used. Most agree that, ideally, a DNA probe for forensic use should:

conditions;
• produce well-characterized patterns (such as defined size range, number of bands, and relative band

intensities) so that unexpected patterns can be recognized; and
● detect a single polymorphic fragment per allele so that each person’s test yields either one or two fragments,

depending on whether an individual is homozygous or heterozygous, respectively.

Avoiding probes that detect fragments of varying number or intensity minimizes the problem of identifying
the true bands that comprise the RFLP pattern. Otherwise, the potential exists for uncertainty about whether
weak-intensity bands are part of the pattern. Furthermore, using a probe that identifies patterns with bands of
variable number and intensity could make it difficult to identify bands on a dirty background.

Other considerations related to the use of a DNA probe for forensic casework include:

. using a series of probes from different chromosomes, or reasonably distant on the same chromosome, to
ensure that the regions sampled are independently segregating;

. availability of the probe for research purposes, which allows other scientists to confirm its properties; and
● having the chromosomal position of the locus detected by the probe filed with the Human Gene Mapping

Workshop.
SOURCE: Office of Technology Assessment 1990.
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To prevent or minimize unexpected or uninter-
pretable results, often referred to as artifacts or
anomalies, scientists have developed several precau-
tions based both on experience in basic research and
on validation studies on simulated and actual foren-
sic samples. Controls are steps built into any scien-
tific analysis. They tell the scientist that the assay as
a whole proceeded as expected, and that results from
unknown specimens are accurate and reliable. For
despite vigilant quality control and rigorous adher-
ence to an acceptable protocol, analyses can and do
fail. Thus, controls tell a forensic examiner whether
the overall analysis worked—i.e., whether expected
results were obtained from standard samples (box
3-B).

At present, scientists agree on the necessity for
some controls, but not others. Different levels of
safeguards can be used in a scientific experiment in
different laboratories and yield identical, accurate
results. Determining the type of controls neces-
sary to ensure confidence in the results of any
single DNA typing of a forensic specimen is of the
highest priority (see section on setting standards).

Match or Nonmatch?

As mentioned previously, clinical DNA analysis
generally benefits from consistency checks provided
by family relationships. Additionally, the types of
probes usually used detect only a limited number of
well-separated alleles, so that visual comparison
suffices. In contrast, forensic uses of DNA tests
involve determining whether one or more unknown
samples match samples collected from known indi-
viduals, e.g., a suspect or victim. Probes that detect
highly polymorphic loci are used in forensic testing
because they provide more information about iden-
tity. In particular, because the trend in forensic cases
has been to use probes that involve as many as 50 to
100 alleles that often involve fragments of similar
lengths, comparing samples requires both visual
comparison and precise, quantitative measurements
of fragment position. What considerations are neces-
sary in declaring that two or more DNA patterns
match?

Controlling for Potential Problems—To demon-
strate that two bands appearing to be the same length
in a gel are in fact the same length, most molecular
biologists would perform a mixing experiment. That
is, they would confirm that a 50-50 mixture of the
two samples yields precisely the same RFLP pattern
as either sample alone. Mixing tests can often reveal

even small differences between samples, since co-
electrophoresis allows a perfectly controlled compar-
ison.

Mixing assays are generally not performed by
crime laboratories in any type of comparative case-
work (e.g., drug analysis or protein electrophoresis)
(59). And, at present, it appears that most laborato-
ries do not routinely perform mixing tests on non-
paternity DNA samples. One important concern is
the limited amount of DNA often obtained from
evidence. The difficulty of precisely measuring the
quantity and quality of human DNA from forensic
samples so as to achieve an uniform mixture is also
a consideration, as is the perceived difficulty in
explaining to a jury why an examiner would deliber-
ately mix two samples. While the latter two issues
seem surmountable, most agree that the question of
requiring mixing assays as a matter of routine should
remain open on a case-by-case basis because, in
some instances, not enough DNA will be available.
These voices strongly argue that a failure to perform
them is not grounds for a priori invalidating results.
Nevertheless, many consider mixing tests as the
“gold standard” for DNA typing of forensic speci-
mens—a test that should always be performed in
accordance with standards linked to DNA quantity,
not strictly case-by-case.

When a mixing test is not performed, identity is
inferred by comparing the positions of bands, and
hence their size, in two separate lanes. Because
lane-to-lane differences in electrophoresis can occur
within a gel, resulting in ‘‘band shifts, ” the most
accurate way to ascertain the size of a fragment is to
measure its position relative to a set of internal lane
controls, called monomorphic markers. That is, the
unknown band should ideally be measured against
one or more bands of known size in the lane itself.
Although monomorphic markers were not employed
initially, their use in forensic DNA analysis now
seems to be generally accepted.

In forensic casework, it might be necessary to
measure the sizes of bands on different gels. Foren-
sic laboratories performing DNA analysis currently
run evidence and suspect samples on the same gel
whenever possible. But occasions can arise when,
for example, an evidence sample is exhausted on gel
A during an analysis that excludes a suspect. Follow-
ing a period of time, DNA from a new suspect might
need to be tested. Again, using proper controls—
monomorphic probes and known size markers—
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Box 3-B—Scientific Controls for RFLP Analysis

Despite vigilant quality control and rigorous adherence to protocol, analyses can fail. Every valid and reliable
scientific test, therefore, includes an appropriate set of scientific controls designed to demonstrate that the procedure
worked correctly. When the test works properly, these controls yield certain expected results. If the observed results
for the controls deviate from what is expected, then the results for the case samples cannot be considered reliable.
A variety of simple and widely accepted scientific procedures are available to detect errors and artifacts that can
arise in forensic applications of RFLP tests. Such controls include, but are not limited to the following:

Control human DNA. Together with actual case samples on a gel, one lane should include a known human
control DNA that yields a known pattern. If the expected pattern is obtained, it verifies that the hybridization
proceeded as expected. Failure to obtain the expected pattern indicates that the hybridization went awry and should
be repeated. If a Y-chromosome specific probe is used to recognize male DNA, the blot should contain both control
male and control female DNA samples. (The former is a “positive control” to prove that the hybridization would
detect male DNA—if present—in the forensic case sample, while the latter is a “negative control” to demonstrate
that the hybridization would not yield a spurious positive even if male DNA was not present.)

Molecular size markers. To provide a “molecular ruler” against which fragments sizes can be measured,
several lanes should contain discrete DNA fragments of known size. Such ladders of standard molecular size
markers provide an initial test of whether the electrophoresis was uniform. By comparing the positions of fragments
in the forensic samples to the markers’ positions, the approximate molecular size of the unknown fragments can
be calculated.

Internal lane controls. Even if the size markers appear to be distributed evenly, the analytical lanes might not
have run uniformly; differences in DNA concentration (figure 3-3) or other conditions within a sample (e.g., salt
concentration) can contribute to electrophoretic differences between lanes. Therefore, to account for such
“band-shifting,” monomorphic DNA probe controls—i.e., probes to detect bands that are not polymorphic, but of
fixed size in the human population—should be used. If, in fact, lanes ran at different speeds, fragment sizes in each
lane can then be more accurately computed by using the internal controls as lane-specific molecular rulers. More
than one internal standard, or monomorphic probe, should be used so that there are enough reference points to allow
an accurate measurement.

Internal controls can also verify the presence of adequate quantities of high molecular weight DNA. If a DNA
sample is partially degraded, the quantity of DNA above a certain size might be insufficient for detection; an
important consideration if the probe used detects alleles that are of high molecular weight. In this case, degraded
DNA could lead to the conclusion that an individual is an apparent homozygote, rather than a heterozygote whose
upper band goes undetected due to DNA degradation. Such situations could give rise either to a false match or
nonmatch. A monomorphic probe that detects a high molecular weight band could be used as a control.

Test for incomplete stripping. If a membrane is not stripped completely between sequential applications of
probes, radioactively labelled probe can remain attached and produce a signal in a subsequent test. Performing
autoradiography on the stripped membrane can demonstrate if a signal results from residual probe. If a pattern is
seen, the membrane should be re-stipped. Even if autoradiography is not performed after stripping, extra bands can
be accounted for by superimposing consecutive x-ray films,

Control probing with plasmid DNA. Since plasmid vector DNA is a potential contaminant in samples and
probes, a band observed on an x-ray film might not be human DNA, but plasmid DNA in the sample that is being
recognized by plasmid DNA in the probe. To rule this out, some forensic labs probe the Southern blots with plasrnid
DNA to identify the location of any such bands, or use synthesized DNA probes lacking plasrnid sequences.
SOURCE: OffIce of Technology Assessment 1990.

DNA from the new suspect can be tested on gel B ing rule is thus required, reflecting empirical meas-
and accurately compared with results from gel A. urement variation observed to occur when known

samples are repeatedly analyzed.
In any case, unless discrete allele systems are used

or mixing tests performed, determining whether two Reporting a Match—The systems currently used
samples in different lanes match (on the same or to report a match vary. While some consensus exists
different gels) can require fine discrimination. In on what broad steps constitute an appropriate method
addition to visual comparison, an objective match- for determining whether two samples match when
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Figure 3-3—DNA Typing and Murder: A Less Than Ideal First Analysis and a Solution

A. M K562 K1 Q1 M Q2 Q3 Q4 M Q5 Q6 M B. M K562 K1 K1 M Q3 M

In this murder case, six separate pieces of evidence were obtained from the crime scene and a suspect identified. RFLP analysis was
performed (M=markers; K1 =suspect; Q1 -6=evidence; K562=standard), but the results revealed that too much of the suspect sample (Kl)
had been placed on the gel, which led to distortion in the K1 lane, as well as the lanes next to it (K562 and Ql) (panel A).

Even though the suspect’s pattern for this probe is an extremely rare and unusual three-band pattern that is similar to the six questioned
samples, the forensic analyst cannot call a “match,” but must report the test “inconclusive” because the alignment is unacceptable. This,
despite knowing from experience that if less suspect sample had been used, the patterns likely would have aligned and been called a match.

Fortunately, not all of evidence sample Q3 had been used in the test in panel A (although QI ,2,4-6 had been exhausted). The case was
repeated (panel B) with diluted amounts of the suspect sample (Kl), which now clearly align with the evidence pattern (Q3). Had no
evidence sample been available for an additional try, however, DNA analysis would have reported “inconclusive,” and could not have been
used as evidence to prove guilt or innocence.
SOURCE: Federal Bureau of Investigation, 1989.

highly polymorphic loci are analyzed, scientists
disagree to a certain extent on the details. This
section describes the general sense of how a match
should be reported when radioactive DNA probes
are used, which is generally the case for criminal
casework.

The initial step in examining the results of hy-
bridizing with a single-locus probe involves iden-
tifying the bands in each lane. In all cases, each lane
must be evaluated independently-the presence of a
band in one lane must not influence whether a
questionable signal in another lane should be identi-
fied as a band. Ideally, the x-ray film would show
only RFLP bands from the test, and would show
them distinctly. However, even if there is some

degree of background hybridization or the bands are
faint, an exami ner can often reliably identify the
pattern. For a probe that identifies  a single polymor-
phic band per allele, the task should be relatively
easy: the lane should contain one (homozygote) or
two (heterozygote) bands that are much more intense
than anything else in the lane. On the other hand,
evidence samples might be an unequal mixture from
two or more contributors, so an additional faint band
(or bands) should not just be discounted.

After the bands have been identified, the examiner
must then determine whether they are in matching
positions. Accurate identification of a band’s posi-
tion depends on a properly exposed piece of x-ray
film-one that yields thin, sharp bands. Overexpo-
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sure (or too much DNA on a gel) results in broad
bands that cover a significant size range-creating
the risk of spuriously suggesting matches between
distinct alleles and potentially masking other bands.
A consensus exists that visual inspection must be
performed, as well as objective measurement of
band position with an appropriate measuring device,
such as a computer digitizing pad or a computer-
coupled camera. Opinion varies, however, over the
extent and weight of operator involvement (see
ch. 5).

Once the size of the fragments is calculated (by
comparing the positions of the bands to the positions
of the size standards), how close must two bands be
to declare a match? Identical measurements are not
to be expected, nor are they achievable. Determining
an acceptable threshold of measurement imprecision
is the key. In fact, because gel electrophoresis
conditions vary from laboratory to laboratory, what
is acceptable for one might not be appropriate for
another. What is agreed on is that an objective
matching rule should be used and adhered to (e.g.,
fragment lengths within “x” percent based on the
variability observed empirically when known foren-
sic samples are repeatedly tested).

Population Genetics

Finding that two samples have the same DNA
patterns does not necessarily mean they came from
the same individual, just as finding two specimens
with the same blood type does not mean they came
from the same person. RFLP patterns represent only
a snapshot of the unique DNA sequence of each
individual. Thus, in the absence of a result that
excludes an individual, population genetics is an
essential element in forensic uses of all genetic
techniques, including DNA technologies.

The validity of forensic DNA tests does not
hinge on population genetics. Interpreting test
results, however, depends on population frequencies
of the various DNA markers (1,9,10) (for RFLP
analysis, the size of the band in a particular test). In
other words, population genetics provides meaning—
numerical weight—to DNA patterns obtained by
molecular genetics techniques.

Once a set of patterns (or just two patterns) match,
population frequencies are used to report the fre-
quency that such an event could arise randomly; they
are key to establishing confidence in associating an
unknown evidence pattern with the pattern from a

suspect or victim. For example, whether 1 in 30
billion, 1 in 2 million, 1 in 50, or 1 in 10 random
individuals could be expected to be contributors to
a specific piece of biological evidence. That basic
scientific principles of population genetics can be
applied to forensic DNA analysis is not in ques-
tion, but how best to apply which principles to
single-locus RFLP analysis is under debate. Dis-
agreement exists as to the extent such a debate
can or should be resolved.

Debate over population frequencies and RFLP
analysis takes several forms (16,17,29,57,69). Gen-
eral agreement exists that any potential bias that
could result from calculating population frequencies
be conservative, i.e., favor a defendant. Neverthe-
less, questions are raised about whether existing
population databases are properly applied, and whether
they adequately support calculations of inclusion, as
currently practiced. Some argue that the magnitude
of the number is not the issue, just that the analyst
assigns it with confidence that genetics principles
have been adhered to. Others argue that because of
the pivotal role population frequencies can play in
reporting results of forensic DNA tests, agreement is
necessary.

Calculating Population Frequencies of RFLP
Patterns—After a laboratory has determined that
DNA patterns from forensic sample A match foren-
sic sample B, an analyst needs to estimate how
frequently such a match might arise by chance in the
relevant population. Calculating the population fre-
quency of a DNA pattern consists of two steps. The
first step involves ascertainingg the frequency of
individual bands by examining random population
samples. The second step requires estimating the
population frequency of the overall DNA pattern
(box 3-c).

Determining population frequencies of DNA frag-
ments in a pattern, represented by bands on the
autoradiograms, is a fundamentally empirical exer-
cise. The size of the band in a pattern is compared to
a database containing the distribution of fragment
sizes found in a previously studied group of individ-
uals. In contrast, calculating the population fre-
quency of the overall pattern is a fundamentally
theoretical exercise. Starting with the frequencies of
the individual bands, an assumption must be made
that each represents statistically independent events.
Using certain basic formulas from populations ge-
netics, the probability that each of these independent
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Box 3-C—Statistics and RFLP Analysis

Only a small fraction of DNA sequence differs between random individuals, except identical twins. Using
DNA probes allows scientists to detect some of those differences. For forensic analysis with the single-locus RFLP
technique, using several single-locus probes in combination or serially allows a forensic examiner to conclude
whether two different DNA samples came from the same person (or in paternity analysis, whether a man could have
fathered a child) and report remarkable statistics that the event is more than a chance occurrence-sometimes more
than the number of people living on Earth.

Yet, one RFLP analysis can be thought of as only a snapshot of any given DNA sample. Thus, how many
pictures need to be taken before scientists can be sure two unknown samples come from the same individual? How
do they arrive at such a conclusion-expressed as a probability of the same event occurring in a random population?
What is important: the number of snapshots taken? what information the snapshot reveals? or how often a certain
picture can be found in a population? In other words: How many probes? How many bands? How frequently do
different bands occur in the population?

Although actual calculations to assign a numerical value to RFLP analyses are far more complicated (and
somewhat controversial), the following exercise is designed to provide a sense of statistics and RFLP analysis. The
scenario assumes ideal genetic conditions, and eliminates one step in calculating statistics for RFLP tests by
arbitrarily assigning frequencies to patterns, rather than bands.

Probe Detects
A 3 patterns; equally distributed in the population (33.3 percent each)
B 2 patterns; equally distributed in the population (50 percent each)
c 2 patterns; Cl is found in 90 percent of the population and C2 in 10 percent of the population
D 10 patterns; equally distributed in the population (10 percent each)
E 20 patterns; equally distributed in the population (5 percent each)
F 50 patterns; equally distributed in the population (2 percent each)

Suppose in case 1, probes A, B, C, and D were used, and pattern Cl was revealed in both a suspect and evidence
sample. The frequency of this event—a suspect having the same composite profile as the evidence sample-would
be 0.333x 0.50x 0.90x 0.10= 0.014985, or about 1.5 percent, or every 3 in 200 people. On the other hand, if 3
probes were used in case 2—D, E, and F—the frequency of a suspect matching this overall pattern would be 0.10
x 0.05 x 0.02 = 0.000100, or 0.01 percent, or 1 in 10,000 persons. Even though fewer probes were used in case 2,
a forensic analyst could declare a greater likelihood of inclusion. In fact, the absolute number of probes used in
single-locus RFLP analysis is less important than what information each probe reveals.

Similarly, suppose probes C and D were used in case 3, and patterns Cl and D revealed. The frequency that
the same pattern would occur in a random sample of the population would be 0.90 x 0.10= 0.09, or 9 in 100 people.
Yet, if the same two probes were used in case 4, but patterns C2 and D were revealed, the frequency of this
combination would be 0.10 x 0.10 = 0.01, or 1 in 100 people. Even though identical probes were used, a forensic
analyst can report a lower chance that a random match had occurred in case 4 because the information provided by
the C probe for case 4 was more revealing—i.e., the analyst can declare that DNA testing in case 4 narrowed the
number of individuals who could have contributed the sample more significantly than in case 3.
SOURCE: OffIce of Technology Assessment 1990.

events would be observed is then computed to yield DNA fragments are statistically independent. Other-
the frequency with which that particular pattern
(genotype) occurs at that locus in the population.
Finally, assuming that different single-locus probes
have been chosen because they are not correlated,
the frequencies of the genotypes can be multiplied to
achieve an estimate of how often that particular
composite DNA profile could be expected in the
population.

One critical factor: These basic calculations are
only valid when applied to populations in which the

wise, the value calculated might greatly underesti-
mate the true occurrence of the pattern in the general
population—making a match seem rarer than it
actually is. Essentially, the population must be one
where individuals randomly marry and reproduce, so
that distinct subgroups are absent. In such freely
mixed populations, there will be no correlation
between the alleles on the maternal and paternal
chromosomes (Hardy-Weinberg equilibrium) and
no correlation between alleles at different loci (no
linkage disequilibrium).



68 ● Genetic Witness: Forensic Uses of DNA Tests

If the population is not freely mixed, then correla-
tions between alleles at two loci can exist, even if
they lie on different chromosomes. In fact, alleles are
not randomly distributed among individuals. Certain
alleles clearly concentrate within specific ethnic
groups, but where do the types of genetic markers
used in forensic analysis fall? Consensus exists that
genetic departures as extreme as those for rare
disease alleles do not exist for alleles detected by
forensic DNA probes (63). The best forensic DNA
probes would detect loci where the pattern of inheri-
tance most closely resembles that expected in a
freely mixed population.

However, no detailed population studies exist yet.
Thus, individual population databases used to calcu-
late probabilities of inclusion for DNA forensic
analysis should be examined for departures from
genetic models. Even if significant departures are
found, some estimate of match probabilities is possi-
ble. Precisely how statistical tests should be applied
to verify that significant deviations from random
expectation do not occur is under debate, as is what
mathematical compensation can be made to account
for any deviation.

Population Substructures-Because the United
States is multiracial, with many ethnic subgroups,
special care must be taken when determining t h e
likelihood of obtaining a certain pattern within
distinct population subgroups. What effect does this
population substructuring have on the ability to
calculate genotype frequencies within racial sub-
groups?

For example, several population genetics data-
bases (see ch. 5) collect and classify information as
‘‘ Hispanic,’ based on self-identification or sur-
name. Hispanic as an ethnic subgroup, however, is
extraordinarily broad in the United States. In partic-
ular, it is possible that frequencies of certain RFLP
patterns in Mexican-Americans differ from citizens
of Puerto Rican descent, which both could differ
from individuals of Cuban or El Salvadoran heri-
tage. The Native American population in the South-
western United States differs significantly from
Native Americans in Alaska or Hawaii. Similarly,
race distinction as a division of population genetics
could be insufficient. RFLP patterns from persons of
Japanese, Chinese, Vietnamese, and Korean ances-
try all might differ, yet be classified under the
designation Asian or Oriental.

Yet how important are such subdivisions in calcu-
lating the probability that a match is real or random?
Most observers agree that, while a danger exists in
overplaying the “numbers game,” population fre-
quencies based on existing databases can be obtained—
although any reported identification frequency rep-
resents an estimate to be used in conjunction with
other evidence linking a defendant to a crime.
Furthermore, the numerical significance of a match
that is expressed needs to take into account the
frequently unknown ethnic association of the foren-
sic specimen and details of the ethnic variation for
the population database used. On the other hand,
many argue that while estimates can be made, a more
rigorous and formal system for determiningg associa-
tion probabilities is necessary-both because many
aspects of the genetics of RFLPs have yet to be
elucidated, and because juries often place great store
on statistics (see ch. 4) (30).

Finally, what populations should be studied?
Ideally, a random sample of the U.S. population
should be tested. Since true random sampling is
impractical, as is sampling all ethnic subgroups in
the United States, human geneticists must determine
standards and criteria that will account for the
strengths and weaknesses of population genetics
databases. Although it might seem academic to some
to know whether the frequency of random match is
1 in 10 million or 1 in 10,000, others express concern
about population frequencies-especially in the con-
text of any single individual on trial. Population
studies and analyses of statistical reporting for
single-locus RFLP tests are also relevant and critical
to the design and potential use of national databases
of DNA types (see ch. 5).

Multilocus Probe Analysis

As described in chapter 2, multilocus probes
simultaneously detect a wide range of restriction
fragment length polymorphisms, thus yielding a
pattern of 30 or more bands per individual (33,48,49).
Multilocus probes were the first probes used for
DNA identification-an immigration case in the
United Kingdom in 1985 (49). Initially, great excite-
ment was generated about the use of multilocus
probes in forensic cases, since they could allow
unique identification from a single hybridization.

Properly performed, multilocus probe analysis is
reliable and valid, using the same basic techniques
as single-locus probe analysis. However, many be-
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ing the issue of population genetics are the Genetics
Society of America and the Society of Heredity and
Evolution.

Lastly, since the technique of electrophoresis is
the basis in RFLP analysis for discruminating band
sizes among individuals, the expertise of members
of the Electrophoresis Society also could be brought
to bear on issues surrounding forensic applications
of this technique. In particular, efforts of this profes-
sional society to evaluate state-of-the-art and quality
control considerations for electrophoretic methods
could be useful. Joint efforts involving scientists
from this society and forensic practitioners would
then be able to evaluate whether certain electro-
phoretic methods were better suited to forensic
work, or if new developments in electrophoresis
would be adaptable to widespread use in forensic
laboratories.

Thus, several scientific professional societies that
represent stakeholders in forensic applications of
DNA identification exist. In addition, professional
organizations devoted to interests of the legal com-
munity, including the American Bar Association,
the American Association of Trial Lawyers, the
National Association of Criminal Defense Lawyers,
the National College of District Attorneys and the
American Civil Liberties Union, have an interest in
resolving issues in DNA typing of forensic samples.
Cooperation among professional organizations could
be a powerful mechanism to ensure quality; in the
area of forensic DNA analysis, no single profes-
sional society can claim sole, or even greatest,
expertise. Although each group has specific
strengths and weaknesses, the collective wisdom
and influence of professional groups on quality
assurance should not be underestimated or dis-
counted. Nevertheless, professional society mem-
bership or claims of adherence to different voluntary
professional guidelines can confuse the general
public, and should not be viewed as the ultimate
imprimatur of quality.

Nonregulatory Mechanisms

Short of regulating crime laboratories and other
facilities that perform DNA typing for nonmedical
uses, States and the Federal Government could
promote quality assurance through nonregulatory
means. Federal efforts, in particular, could facilitate

self-regulation. Nonregulatory action could also
take the form of authorizing additional Federal
research in forensic sciences—particularly cross-
disciplinary projects that apply emerging basic re-
search tools to real-world casework, or enhanced
population data collection for forensic DNA probes.
Additional nonregulatory Federal efforts can en-
courage the use of governmental, professional soci-
ety, and industry resources to review forensic uses of
DNA tests,l or to hold consensus conferences that
make recommendations for quality assurance of
forensic DNA analysis.

A Federal role in a consensus conference process
is not novel. For example, concern over costly and
possibly premature applications of medical innova-
tions led to the 1977 Consensus Development Pro-
gram (71,90,97). Part of the U.S. Department of
Health and Human Services (DHHS), National Insti-
tutes of Health (NIH), its purpose is to develop
consensus on the clinical significance of new find-
ings and the financial, ethical, and social impacts of
a procedure’s development and use. To that end, an
Office of Medical Applications of Research coordi-
nates consensus conferences and other activities

Council, National Academy of Sciences, began a study of forensic DNA analysis.
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In forensic analysis, the problem of cross-
contamination could be particularly serious: Should
a suspect’s sample accidentally contaminate a ques-
tioned sample containing degraded (or no) DNA,
subsequent PCR amplification of the questioned
sample would show that it perfectly matched the
suspect. Thus, whereas cross-contamination in RFLP
analysis might more likely arise from mislabeling of
tubes than physical cross-contamination of samples,
forensic uses of PCR must stringently guard against
both. Proper controls, including “no DNA con-
trols, ’ ‘ are critical to interpretation of PCR-based
results.

Proper controls and precautions for forensic uses
of PCR have been proposed (4,61). Laboratories
must be forewarned, however, that extraordinary
care is needed in sample handling-greater than the
level required in RFLP analysis. Some even argue
that it might be desirable if evidentiary and suspect
samples were not stored or amplified in the same
room. In any case, even with carefully controlled
tests, some argue that results in forensic casework
should probably be reconfined by an independent
repetition from the original sample. (Fortunately, the
minimal sample requirements of PCR and the ease
of the procedure make it practical, for the most part,
to repeat the test multiple times.)

Misincorporation

Rarely-about once or twice every 20,000 to 1
million bases—in the molecular copying process of
PCR is a nucleotide misincorporated (28,78). Can
this amount of misincorporation affect the validity
of PCR for forensic uses? Theoretical modeling
indicates that although a proportion of PCR products
can contain some misincorporation, such events
occur at random. Within an amplified sample, the
chances of having a group of DNA molecules with
the exact same single base substitution would then
be minuscule (80), unless the substitution occurs
early in the reaction, when the effect could be
significant (63).

In fact, misincorporation does not create problems
in DNA sequencing analysis or probe typing of
PCR-amplified DNA (28), because the entire popu-
lation of molecules is being ex amined, not a single
molecule. Thus, misincorporation of nucleotides
might not affect the ability of PCR to distinguish
among different DNA profiles in forensic samples.
On the other hand, misincorporation of nucleotides
could be an issue if the initial amount of DNA is

minute, which is often the situation in a forensic
case. One component of standards for forensic use of
PCR might include the threshold quantity of DNA
that would be acceptable for valid and reliable
examination (25).

Differential Amplification

Differential amplification, i.e., preferential copy-
ing of one allele over the other, is a concern in PCR
testing. During the course of an amplification, differ-
ential amplification of one or the other of the two
alleles can occur due to variation in length (47),
sequence difference, or contamination with non-
DNA material in an evidence sample (63). As
mentioned previously, individuals are often hetero-
zygous—i.e., have one band larger than the second
band in an RFLP pattern. Thus, if one allele is
preferentially amplified, one of the bands might not
be detected and the person mistakenly typed as a
homozygote.

Differential amplification can be addressed, in
part, by carefully characterizing the regions to be
examined and establishing standards of practice to
avoid contamination. Thus, despite concerns about
this matter and the previously mentioned issues, few
doubt that ongoing research will overcome ques-
tions raised about PCR, with full technology transfer
of PCR in criminal investigations occurring in the
next few years.

Population Genetics

Population genetics considerations for PCR de-
pend on the genetic locus amplified. At present, the
only genetic system generally employed in forensic
casework using PCR is the HLA DQx- 1 system—a
human white blood cell antigen system. Results in
this system are scored through the “yes’ ’/’’no”
assay described in chapter 2. HLA DQx-1 is a valid
and well-defined system (78), but it is not as
discriminating as RFLP analysis. It can distinguish
between two random individuals 93 percent of the
time (98). Such discriminating power has proved
useful in excluding or including suspects in criminal
cases where conventional serological genetic analy-
sis has failed, or where insufficient DNA was
available for single-locus analysis. And, although
few population studies involving PCR-based detec-
tion systems have been defined to date, such infor-
mation can be expected to accumulate rapidly as
experience in research laboratories increases. One
population genetics issue that might need address-
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ing: accounting for differential amplification of
alleles in a PCR-based analysis that reveals an
apparent homozygote (63).

QUALITY CONTROL AND
QUALITY ASSURANCE

Laboratories use quality control to ensure that an
assay’s quality achieves specified criteria. Quality
control includes the steps taken by a laboratory to
produce consistent, interpretable results each time
the test is performed. A quality assurance program
provides evidence that quality control is being
satisfactorily performed. Such documentation can
include proficiency testing and external inspections
(5,54-56,85). Quality control and quality assurance
are essential components of good laboratory prac-
tice.

Congress has long had an interest in quality
assurance issues. Through its charge to protect the
public welfare, Congress and the Federal Govern-
ment have implemented an array of quality assur-
ance programs-ranging from specific legislative
action to encouraging voluntary mechanisms—in a
variety of fields. In particular, quality assurance for
both drug testing (box 3-D) and clinical diagnostic
laboratories has been the focus of recent congres-
sional and executive attention (53 FR 11970; Public
Law 100-71; Public Law 100-578; 88,89,96).

The issue of quality assurance for the Nation’s
crime laboratories is not novel. Scrutiny of crime
laboratories has been an issue since their prolifera-
tion in the 1970s (68,73). Publicity surrounding
DNA typing in criminal casework, coupled with
the fact that DNA technologies often capture
government and public interest (91,93-95), has
simply renewed interest in the performance of
forensic facilities. Thus, while DNA testing served
as the catalyst for today’s debate about quality
assurance for crime laboratories, other tests previ-
ously sparked attention about this subject (38,39,68).

In one respect, however, concern about forensic
DNA analysis differs from previous attention to
quality assurance of forensic services: Both public
and commercial private providers are involved.
While some mechanisms to attain uniform, high-
quality service can be the same for both sectors,
other approaches might apply to only one.

This section concentrates on the role that can be
played by professional societies, State and local

Box 3-D-Quality Assurance and
Drug Testing Laboratories

Drug testing of employees and job applicants has
become increasingly commonplace. The dramatic
increase in testing facilities to handle samples has
spawned concern about ensuring that sufficient care
is taken so that those tested are not harmed by
poor-quality tests or inadequate quality assurance
policies or quality control procedures. In 1988, the
General Accounting Office surveyed all 50 States
on the nature of laws, regulations, and other legally
enforceable provisions in effect that would govern
quality assurance of drug testing laboratories. The
survey revealed that no uniform system exists to
regulate laboratories doing employee drug testing.
Some States do have formal mechanisms specific
for quality assurance oversight of drug testing
facilities. Others regulate laboratories that perform
employee drug analysis through general medical or
clinical laboratory statutes. Still others voluntarily
adhere to standards prescribed by various profes-
sional associations. Some do not control such
services at all.

The Federal Government has moved to improve
results from laboratories providing employee drug
testing services (53 FR 11970; Public Law 100-71).
Congress also is interested in ensuring quality in
laboratories that do employee drug testing. Legisla-
tion considered during the 100th Congress would
have required proficiency testing and certification
by the U.S. Department of Health and Human
Services for all facilities engaged in urinalysis and
blood analysis for employee drug testing. Similar
legislation is pending in the 101st Congress.
SOURCE: Office of Technology Assessment 1990.

governments, and the Federal Government to ensure
that both private and public laboratories provide
high-quality forensic DNA typing. It discusses the
structure of professional societies and their potential
for providing practitioner education, setting stan-
dards, assuring adequate staffing and laboratory
facilities, and developing a consensus among all
parties who have an interest in high-quality forensic
DNA analysis.

Further, Congress has declared that crime is
essentially a local problem that must be dealt with by
State and local governments (with Federal financial
and technical support) if it is to be effectively
controlled (42 U.S.C. 3701). Crime laboratories are,
in fact, public agencies, and State and local govern-
ments play a key role in determining quality of
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forensic services. Thus, this section examines the
role of State and local governments in quality
assurance of DNA profiling.

In addition, the Federal role in quality assurance
can operate at both nonregulatory and regulatory
levels. The Federal Government can facilitate non-
regulatory efforts to guarantee high quality. It can
also actively regulate standards of practice, proto-
cols, and commerce in forensic services (especially
those paid for by government programs). In particu-
lar, this section describes quality assurance proto-
cols implemented by the Federal Government in
other laboratory testing areas, such as clinical diag-
nostics laboratories and drug testing facilities. Fi-
nally, the Federal Government has, over the last 15
years, formed commissions that have recommended
action on topics related to applications of the new
DNA technologies. Federal powers to implement the
suggestions of these advisory groups also are ex-
plored.

The Role of Professional Societies

Membership in professional societies is purely
voluntary, as is members’ adherence to an organiza-
tion’s code of conduct and standards. Professional
organizations can set informal standards, make mem-
bers undergo continuing professional education to
maintain active membership status, and require
periodic examination. A professional organization
can also survey its members and gather data on new
techniques. Again, taking part in such studies is
voluntary on the part of the membership.

In the forensic sciences, one of the many influen-
tial societies is the American Academy of Forensic
Sciences (AAFS). A nonprofit professional society
organized in 1948, AAFS is devoted to the improve-
ment, administration, and achievement of justice
through the application of science to the processes of
law. The organization draws members from the 50
States, all U.S. territories, and over 30 countries, and
is the largest professional society devoted to forensic
practices. An ad hoc committee has been established
to examine forensic applications of DNA tests and,
as quality assurance mechanisms develop, AAFS
members will play a key role in developing stan-
dards and disseminating information.

Another group of forensic professionals is the
American Society of Crime Laboratory Directors
(ASCLD). ASCLD guidelines do not bind a soci-
ety’s members to a particular practice, but do serve

to develop some consensus among practitioners. For
example, a DNA implementation committee has
been established (see ch. 6). ASCLD also encour-
ages proficiency testing before an analyst is assigned
casework (6). In particular, ASCLD provides profes-
sional advice to a proficiency testing program, and
offers a voluntary accreditation program (described
in following sections).

In addition to national organizations, forensic
practitioners in regional jurisdictions have pioneered
efforts to establish guidelines for quality assurance.
For example, in 1987, the California Association of
Criminalists (CAC) and the California Department
of Justice held a statewide symposium of serologists
to examine standards in quality assurance, training,
record collection and evidence preservation, method
validation, and data interpretation. As a result of the
symposium, a document articulating the profes-
sional consensus of serology practices within Cali-
fornia was published (22). In addition, the California
Association of Crime Laboratory Directors (CACLD)
endorsed a series of guidelines to evaluate DNA
testing by commercial services (21), which could
provide criteria for measuring performance of public
crime laboratories.

Other professional organizations, such as the
Council on Forensic Science Education, the Ameri-
can Association of Blood Banks (AABB), the Amer-
ican Society for Histocompatibility and Immunogenetics
(ASHI), and the International Society for Forensic
Haemogenetics (ISFH), are likely to play an impor-
tant role in debates surrounding quality assurance
for DNA analysis by crime laboratories. For exam-
ple, AABB and ASHI have standards for using DNA
polymorphisms in parentage testing (3,4). ASHI
standards address both RFLP analysis and PCR/
HLA typing (4). ISFH recommendations encompass
RFLP analysis for parentage and criminal samples
(45).

Another important professional society, although
not directly involved in forensic sciences per se, is
the American Society of Human Genetics (ASHG).
A society principally composed of scientific experts
in human genetics, ASHG could be useful in evalu-
ating the utility, validity, and reliability of newly
emerging DNA technologies, as well as analyzing
population genetics data. A recent statement raises
several points that ASHG believes should be consid-
ered in forensic DNA testing (7). Other professional
societies that could contribute to debates surround-
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ing the issue of population genetics are the Genetics
Society of America and the Society of Heredity and
Evolution.

Lastly, since the technique of electrophoresis is
the basis in RFLP analysis for discruminating band
sizes among individuals, the expertise of members
of the Electrophoresis Society also could be brought
to bear on issues surrounding forensic applications
of this technique. In particular, efforts of this profes-
sional society to evaluate state-of-the-art and quality
control considerations for electrophoretic methods
could be useful. Joint efforts involving scientists
from this society and forensic practitioners would
then be able to evaluate whether certain electro-
phoretic methods were better suited to forensic
work, or if new developments in electrophoresis
would be adaptable to widespread use in forensic
laboratories.

Thus, several scientific professional societies that
represent stakeholders in forensic applications of
DNA identification exist. In addition, professional
organizations devoted to interests of the legal com-
munity, including the American Bar Association,
the American Association of Trial Lawyers, the
National Association of Criminal Defense Lawyers,
the National College of District Attorneys and the
American Civil Liberties Union, have an interest in
resolving issues in DNA typing of forensic samples.
Cooperation among professional organizations could
be a powerful mechanism to ensure quality; in the
area of forensic DNA analysis, no single profes-
sional society can claim sole, or even greatest,
expertise. Although each group has specific
strengths and weaknesses, the collective wisdom
and influence of professional groups on quality
assurance should not be underestimated or dis-
counted. Nevertheless, professional society mem-
bership or claims of adherence to different voluntary
professional guidelines can confuse the general
public, and should not be viewed as the ultimate
imprimatur of quality.

Nonregulatory Mechanisms

Short of regulating crime laboratories and other
facilities that perform DNA typing for nonmedical
uses, States and the Federal Government could
promote quality assurance through nonregulatory
means. Federal efforts, in particular, could facilitate

self-regulation. Nonregulatory action could also
take the form of authorizing additional Federal
research in forensic sciences—particularly cross-
disciplinary projects that apply emerging basic re-
search tools to real-world casework, or enhanced
population data collection for forensic DNA probes.
Additional nonregulatory Federal efforts can en-
courage the use of governmental, professional soci-
ety, and industry resources to review forensic uses of
DNA tests,l or to hold consensus conferences that
make recommendations for quality assurance of
forensic DNA analysis.

A Federal role in a consensus conference process
is not novel. For example, concern over costly and
possibly premature applications of medical innova-
tions led to the 1977 Consensus Development Pro-
gram (71,90,97). Part of the U.S. Department of
Health and Human Services (DHHS), National Insti-
tutes of Health (NIH), its purpose is to develop
consensus on the clinical significance of new find-
ings and the financial, ethical, and social impacts of
a procedure’s development and use. To that end, an
Office of Medical Applications of Research coordi-
nates consensus conferences and other activities

Council, National Academy of Sciences, began a study of forensic DNA analysis.
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with the NIH Bureaus, Institutes, and Divisions, and
guides the appointment of expert advisory panels to
review and make recommendations on medical in-
novations and their applications.

NIH consensus conferences are open to the public
and generally involve interdisciplinary panels drawn
from a range of interests. Over 60 consensus confer-
ences have been convened in the last decade, with
noticeable effects on the practice of medicine in
some areas (44,71). The NIH process has served as
a general model for consensus development and
group judgment programs in the United States and
abroad (8,44).

Consensus conferences on forensic DNA analy-
sis, for example, could evaluate data on DNA
probes, including studies of the population genetics
of probes, and recommend protocols that list the best
methods. Conferences and reports could also help
define a “successful” program, or distinguish ex-
perimental from standard investigative techniques.

One important consideration in whether an NIH-
like consensus process would be appropriate to
forensic DNA testing is whether the questions are
primarily scientific, or primarily ethical or eco-
nomic. The conferences are more effective when
they are the former (58,92), although a recent exter-
nal review of the program made recommendations
that could strengthen its economic, social, and
ethical evaluations (44). Thus, the consensus confer-

ence process might be most amenable to resolving
debates about appropriate probes, electrophoresis
conditions, criteria for declaring a match, or calcu-
lating population frequencies, but be less successful
in addressing a topic such as privacy of DNA
databases. Nevertheless, an NIH-like consensus con-
ference process could be effective and lead to greater
quality assurance in forensic practices using DNA
tests.

One nonregulatory Federal initiative to examine
quality control and quality assurance issues is being
spearheaded by the Federal Bureau of Investiga-
tion’s (FBI) Technical Working Group on DNA
Analysis Methods (TWGDAM) (see ch. 6). Consist-
ing of individuals representing forensic facilities at
or near implementation of DNA profiling tech-
niques, one TWGDAM document outlines a multi-
faceted program to ensure quality RFLP analysis
(box 3-E) (85).

Although some predict the TWGDAM guidelines
are likely to be the nucleus around which national
consensus on standards for quality assurance will
evolve, others are less sanguine. Some critics object
to the closed nature of the initial decisionmaking or
lack of representation in the group of certain inter-
ested parties. A few argue that the FBI-largely an
investigative and enforcement body—is an inappro-
priate lead player, and thus they oppose any role for
the FBI in quality assurance mechanisms and stan-
dards. On the other hand, the TWGDAM guidelines

Box 3-E--Quality Assurance and the FBI Technical Working Group on DNA Analysis Methods

From the outset, one goal of the FBI’s TWGDAM (see ch. 6) was to suggest guidelines that would assist a crime
laboratory in developing a quality assurance program for forensic RFLP analysis. Following review and revision
of proposed guidelines, the policies were published in 1989.

The TWGDAM guidelines are designed to encompass ‘all significant aspects of the laboratory process.” The
program includes considerations for personnel education and training, proper documentation of pertinent records,
evidence handling, validation of analytical procedures, technical controls and standards, data analysis and reporting,
proficiency testing, and independent auditing.

For proficiency testing, the TWGDAM guidelines state that open and blind proficiency tests must be
performed, and recommend that an analyst be subject to both types of proficiency testing annually. Yearly
independent audits should also be conducted, and it is “highly desirable” that the inspection include at least one
person from outside the agency.

Policies detailed in the TWGDAM program “represent the minimum quality assurance requirements for DNA
RFLP analysis. ” Although the guidelines are strictly voluntary, they could become the de facto standard for quality
assurance. For example, the Minnesota Supreme Court cited the TWGDAM guidelines in ruling on the admissibility
of DNA tests (see ch. 4).
SOURCE: Office of Techmology Assessment 1990, based on Technical Working Group on DNA Analysis Methods (TWGDAM), “Guidelines

for a Quality Assurance Program for DNA Restriction Fragment Length Polymorphism Analysis,” Crime Laboratory Digest
16(2):40-59, 1989.
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represent a first-step in a probable multistage proc-
ess to achieve consensus on quality assurance pro-
grams. In particular, because its members are foren-
sic practitioners, TWGDAM proposals are likely to
address the concerns and solutions of this stake-
holder.

Finally, a significant part of quality assurance
involves confidence in measurement standards. The
U.S. Department of Commerce, National Institute of
Standards and Technology (NIST) (formerly known
as the National Bureau of Standards), established in
1901 (15 U.S.C. 271), is a neutral, nonregulatory
agency that conducts research providing ground-
work for the Nation’s measurement systems. At
present, NIST activities include evaluating size
markers, reagent quality, and electrophoresis condi-
tions, so that DNA fragment sizes can be more
accurately determined (76). Additionally, NIJ,
through its Law Enforcement Standards Laboratory
at NIST, has initiated a program to examine stan-
dards for DNA processing (75). As the only Federal
laboratory with the explicit goal of researching and
providing reference standards, NIST proposals, as
they become available, will likely play an important
role in quality assurance of forensic uses of DNA
identification.

State Authority To Regulate Crime
Laboratories

States individually make and enforce most crimi-
nal laws. Inherent in this authority is the ability to
marshal the evidence required for conviction. Thus,
each State controls how DNA evidence is analyzed—
including setting standards for performance-and
presented in court (see ch. 4). Accordingly, States
have the authority to regulate forensic DNA
typing by both private laboratories and public
crime laboratories. All State jurisdiction is limited
by the provisions of the U.S. Constitution regarding
the rights of individual citizens, but a State’s inher-
ent powers to protect victims and suspects are broad
and provide many potential avenues for regulation,
even if parallel areas of Federal authority have
developed.

Regulation of medical facilities might provide
guidance to the States. All licensing of medical
personnel and facilities is based on State law, and
almost all tort law is State-based, despite Federal
activity in all these areas (92). State authorities
most relevant to forensic uses of DNA tests are
licensing of laboratory personnel and monitoring
facilities. At least one State, Maryland, maintains
regulatory authority over one private forensic labo-
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ratory through the issuance of a clinical laboratory
license in the area of molecular biology (31).

To date, no State has enacted general licensing
requirements for crime laboratories. Several have
requirements in restricted areas such as forensic
alcohol analysis, but no State has licensing require-
ments for DNA typing in forensic casework. Nor
does any State have forensic licensing requirements
regulating DNA typing by private companies. One
nonregulatory means to regulate forensic uses of
DNA tests could be negligence litigation (box 3-F).

Crime Laboratory Personnel

Two general mechanisms to assure quality of
laboratory personnel exist: certification and licen-
sure. Certification is a voluntary process, while
licensing is government mandated. Licensing of
personnel is generally the domain of State govern-
ments. It is a formal mechanism intended to protect
both the public and the profession, as well as provide
guidance to the judicial system. For forensic DNA
testing, a State could specify particular qualifica-
tions necessary for either public or private facilities.
States could require their licensees to follow certain
nationally recognized standards.

As well as requiring minimum standards, licens-
ing provides States with the right to review an

with sanctions ranging from simple censure to li-
cense revocation for failure to follow proper stan-
dards in delivering services. On the other hand,
without licensing, enforcement of honest practice
might be stronger, not weaker, because general
antifraud provisions might apply (36). In some
instances, possession of a license can provide a
practitioner with a misleading imprimatur of exper-
tise (36).

At present, no State requires licensing of crime
laboratory personnel or private practitioners per-
forming DNA analysis on forensic samples. In
contrast, a majority of States regulate the qualifica-
tions of clinical laboratory personnel (79). Although
no State licenses criminalists or serologists, volun-
tary certification programs are in place for some
forensic fields, but not in criminalistics. As early as
1979, proposals surfaced for certifying criminalists
(26). At the time, a majority of professionals in
criminalistics withheld support, and no national
certification program yet exists. In 1988, certifica-
tion efforts for criminalistics were revived, and an
American Board of Criminalistics was incorporated
in August 1989 (27). At the State level, CAC began
a certification test in May 1989 (11).

To set and implement licensing or certification
guidelines, however, the forensic science profes-

individual’s practice, and to discipline the person sional community must define the body of special-

Box 3-F—Negligence Litigation

Tort law is a nonregulatory means for social control of risks to health and safety. Permitting individuals to sue
those who have wronged them through negligence serves as a mechanism for financial and emotional compensation,
and for quality control. Theoretically, by making people responsible for their actions, individuals have an incentive
to act responsibly. In practice, negligence litigation involving DNA typing would probably suffer from the same
shortcoming found in medical malpractice litigation-a focus on past errors rather than future improvements.
Nevertheless, as with medical malpractice, negligence litigation could have an effect on private entities that provide
DNA typing for forensic purposes, particularly parentage testing.

To prove negligence, an individual would need to prove the commercial forensic practitioner breached a duty
through neglect or lack of due care. Most likely, the plaintiff would have to show that the defendant did not adhere
to “good accepted practice,” or that the industry-wide definition of such practice is so flawed that failure to go
beyond it constitutes negligence.

In the absence of a good-practice standard for forensic DNA testing, each party in a suit must look to other
fields to judge the defendant’s conduct. This problem complicates the presentation and evaluation of evidence. If
one judge tries more than one case involving DNA testing, a de facto standard could develop for that courtroom,
but would have little value as precedent outside that jurisdiction. Most courts also are not in a position to promulgate
such standards outside the confines of a trial. Thus, while tort suits may remedy individual grievances, they do little
to force development of a nationwide, good-practice standard. Tort suits do a better job of enforcing standards after
they have been developed. Without standards, the importance of negligence litigation on quality assurance for
forensic DNA typing would appear to be minimal at present, and its future impact uncertain.
SOURCE: Office of Technology Assessment 1990,
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ized knowledge required, establish a system to
identify qualified persons who meet minimum stan-
dards of practice, and agree to guidelines against
which courts can measure scientific evidence and
performance (12). In particular, minimum curricular
requirements, training, and continuing education
need delineation. At present, professional training is
largely through on-the-job apprenticeships, semi-
nars, and workshops, including training by the FBI’s
Forensic Science Research and Trainin g Center
(FSRTC) in an array of forensic specialties for about
300 State and local crime laboratory personnel
annually (51). Formal academic coursework in fo-
rensic science at the undergraduate and graduate
levels is available in only a few institutions, with
internships not widely available.

Recently, however, progress in defining training
and educational requirements has been made. For
example, the TWGDAM quality assurance guide-
lines address education and training of forensic
personnel (85). The Council of Forensic Science
Educators has been formed with the goal of develop-
ing standards for forensic science education (12)0 In

the field of serology, that area where DNA typing
expertise is likely to fall, the Southern Association
of Forensic Scientists has drawn up a training outline
(83). Serologists in California have proposed basic
educational requirements and trainin g needs for
professionals in their State (22).

While some predict national consensus for train-
ing and education requirements will be achieved,
implementation of such a program does not seem
imminent. Clearly, one of the best mechanisms to
guarantee quality is providing adequate resources
for educating and training forensic laboratory per-
sonnel. At present, such resources are woefully
inadequate, and most agree that increased State and
Federal attention in this area is necessary.

In addition to adequate education and training of
forensic laboratory personnel, quality control and
quality assurance before evidence samples reach the
laboratory door has been underemphasized to date.
Providing education for field personnel on how best
to gather and preserve evidence so that DNA identi-
fication can be performed will aid and enhance the
efforts of the forensic examiner.
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Certificate of accreditation for voluntary program offered to
forensic laboratories by the American Society of Crime

Laboratory Directors.

Crime Laboratory Facilities

As well as requiring licensing of personnel, States
can mandate licensing of facilities or specific serv-
ices within facilities. States could, for example,
adopt laboratory licensing regulations aimed specif-
ically at DNA typing programs, and not other
forensic technologies, in private and public laborato-
ries. Supplemental to or in place of licensing can be
an accreditation process offered by a neutral, exter-
nal body, such as the College of American Patholo-
gists for medical genetics or the Joint Commission
on Accreditation of Healthcare Organizations for
various medical facilities. Accreditation can be strictly
voluntary, and traditionally has been. But increas-
ingly, as a condition of receipt of certain privileges
or in exchange for funding, State or Federal officials
require accreditation by a specific group or groups.

Licensing—As mentioned, no State currently
regulates forensic service facilities in general, al-
though States do have clear authority to oversee such
services. In contrast, all 50 States and the District of
Columbia require that public and private hospitals
be licensed, although the scope of the laws varies
considerably (101). In 1988, in an effort to ensure
quality services, Congress passed sweeping legisla-
tion that subjects all clinical testing laboratories to
a uniform standard of regulations (Public Law 100-
578) (box 3-G).

Accreditation-Although not subject to manda-
tory oversight, one voluntary accreditation program
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Box 3-G-Quality Assurance and Clinical Laboratories

In October 1988, Congress passed sweeping legislation that subjects clinical laboratories to a number of
requirements, including qualifications for the laboratory director, standards for the supervision of lab testing,
qualifications for technical personnel, management requirements, and an acceptable quality control program. Prior
to enacting the Clinical Laboratory Improvement Amendments of 1988 (CLIA) (Public Law 100-578), Federal
regulations covered the approximately 13,000 labs that either transported samples between States or performed tests
billed to Medicaid and Medicare. Beginning in 1990, however, the Health Care Financing Administration (HCFA)
of the U.S. Department of Health and Human Services (DHHS) will exercise sweeping regulatory authority over
clinical laboratories. HCFA will set standards for staffing and maintaining all medical laboratories, including
physician office testing. HCFA will also manage a comprehensive program to police the facilities and can impose
sanctions.

CLIA is at once broad, encompassing the estimated 98,000 physician labs, and specific. For example, the
Secretary of DHHS is to establish national standards for quality assurance in cytology services, including the
maximum number of cytology slides that any individual may screen in a 24-hour period. The Secretary is also
required to determine and implement recordkeeping, inspection, and proficiency testing programs, and to study and
report to Congress on a range of issues gauging the impact of various quality assurance mechanisms.

CLIA expands DHKS’s regulatory authority over clinical laboratories, and grants HCFA the power to suspend
or revoke a lab’s certificate for violation of the rules. Further, fines up to $10,000 for each violation or each day
of noncompliance can be levied, and jail sentences of 3 years can be imposed. The law continues to permit, subject
to approval by the Secretary, the involvement of State or private nonprofit associations (which at present include
the College of American Pathologists, the American Association of Bioanalysts, agencies in 3 States, the Joint
Committee on Accreditation of Healthcare Organizations, and the American Osteopathic Association) to substitute
for the Federal regulatory process.

Prior to CLIA’s enactment, one issue of critical concern to Congress was proficiency testing programs. Until
CLIA, such programs varied broadly in testing criteria and in grading of test results. Moreover, uniform or
minimally acceptable Federal standards did not exist. Now, except under certain circumstances, proficiency testing
shall be conducted on a quarterly basis, with uniform criteria for all examinations and procedures. The Secretary
shall also establish a system for grading proficiency testing performance.
SOURCE: Office of Technology Assessment  1990.

for crime laboratories does exist. Established in Others strongly argue that current voluntary pro-
1981 by ASCLD, the program includes a self-
evaluation, an inspection process, and required
proficiency testing. As of December 1988, 58
laboratories representing 15 Federal, State, and local
agencies—about 20 percent of the Nation’s crime
laboratories-have been accredited during the pro-
gram’s 7 years of operation. (An additional seven
laboratories were accredited as of May 1989.) In
comparison, a 5-year-old AABB program to evalu-
ate parentage testing laboratories had accredited 48
labs representing about 39 percent of potential
facilities as of December 1988 (1 1,12).

Many criticize current optional accreditation ef-
forts as inadequate, and assert that mandatory ac-
creditation by an external, neutral body is essential.2

grams improve- quality and are sufficient. Many feel
that action should focus on increasing participation
in voluntary programs, rather than mandating ac-
creditation.

Nevertheless, while simultaneously contributing
to quality assurance, mandatory accreditation of
laboratories by independent, impartial organizations
—in consultation with forensic practitioners and
academic forensic scientists-could be effective in
dispelling the notion of some that crime laboratories
are not neutral bodies. Such programs could remove
the perception of many defense attorneys and their
clients that crime laboratories are biased-working
principally toward conviction for prosecutors and
police departments, and secondarily in defendants’

(36,37). It is unlikely, however, that the Antitrust Division of the U.S. Department of Justice (orpnvate  individuals or corporations) will find any occasion
to attack concerted action in forensic services per se, since these are largely public facilities, or generally run as small business. Additionally, it is difficult
to imagine Federal Trade Commission scrutiny for potential ‘‘unfair practices” related to information disclosure: Individuals involved in commercial
services have routinely communicated their findings and procedures, in part to satisfy legal requirements of introducing DNA tests in court.
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interest. On the other hand, accredi.
and certification are costly and

tation, licensing,
time-cons uming

endeavors that would likely place an additional
personnel and financial burden on public facilities
already overwhelmed with criminal casework and
generally underfunded (74).

Proficiency Testing-Proficiency testing in crime
laboratories is currently offered through a program
administered by Collaborative Testing Services (CTS)
in association with the Forensic Science Foundation
(FSF) (the research arm of the AAFS). Participation
is voluntary and anonymous, and more than half the
crime laboratories subscribed to the physiological
fluids program in 1985 (65), which now includes
samples for DNA testing. In place since the mid-
1970s, the CTS-FSF program has supporters and
critics. Proponents point out that although not com-
pulsory, the program provides a crime laboratory an
opportunity to monitor the technical performance of
its employees and compare results with other labora-
tories. Critics argue that results from the program
merely underscore the need for tighter control, even
mandatory regulation through legislation.

A 1978 study (73) found that an ‘appalling’ (68)
number of participating laboratories reported erro-
neous results in testing blind samples, with as many
as 94 out of 132 laboratories participating obtained
‘‘unacceptable’ blood typing results. Another critic
reports that from 1978 through June 1988, the
number of errors for bloodstain or physiological
stain proficiency tests varied from 7 percent for one
test to 77.7 percent for another, and that overall, an
average of 25 percent of crime laboratories returning
results made errors (38). In one human blood test to
evaluate genetic markers, 15 of 69 participating
laboratories (21.7 percent) made at least 1 error (38).
None of these tests involved DNA typing.

In contrast, another review of the CTS-FSF serol-
ogy testing program reported strikingly different
findings for 7,827 tests performed during 1978 to
mid-1986 (81): an error rate of 2.4 percent (189
errors). Further analysis revealed that 88 of these
errors arose in laboratories that made three or more
errors in the particular trial; which was acknowl-
edged as an amount signifying serious problems.
Subtracting the errors made by these laboratories
reduced the rate to 1.3 percent. The study, which
included all but one proficiency trial during that
period, concluded that, on average, 79.1 percent of
reporting laboratories were error-free; 4.2 percent of
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DNA samples for RFLP analysis.

laboratories reported three or more errors (81). The
author of this report, as well as many others, attribute
the different findings to how ‘‘error’ was defined in
each study. The analysis reporting the greater error
rate counted ‘‘inconclusive’ results as errors, a
practice with which the vast majority of scientists
disagree. Similarly, “unacceptable” in the 1978
study is attributed to laboratories lagging behind in
employing certain state-of-the-art tests, not to actual
performance (82).

In addition to the CTS-FSF program, some crime
laboratories subscribe to the voluntary proficiency
program sponsored by the AABB parentage testing
committee, which also includes DNA typing. Both
the CTS-FSF and AABB voluntary programs, how-
ever, are less rigorous than the comparable program
in the United Kingdom. Not only is DNA profi-
ciency testing already in place in the United King-
dom, but the program includes blind tests slipped
into the flow of actual casework (100). Interspersing
blind tests with case samples clearly yields the most
accurate measure of a laboratory’s performance on
a test.

With respect to blind trials of forensic DNA
testing in the United States, CACLD organized trials
using case-simulated samples in 1987 and 1988. The
three major commercial facilities then performing
forensic DNA analysis participated in each trial. In
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the first trial, out of 50 samples, 2 firms each
declared 1 false match (60) that could have resulted
in the conviction of an innocent person. The errors
apparently arose from sample handling problems
(11). The third company declared no false matches
(60). In the second trial, one company again reported
an incorrect match (13).

To date, the FBI has not provided blind trials to
commercial laboratories, nor does it have plans to do
so in the future. However, the FBI’s FSRTC will
provide initial open proficiency tests to those State
and local laboratories that participate in the FBI’s
training program. FSRTC also prepares proficiency
samples to monitor the performance of the FBI DNA
Analysis Unit. In addition, the FBI plans to adminis-
ter a program that offers seed money to encourage
commercial ventures to develop proficiency samples
and testing (14,41). The FBI will not analyze DNA
work performed by State and local laboratories,
however, having a longstanding policy not to reex-
amine evidentiary materials previously examined by
another crime laboratory.

Some observers, generally not forensic analysts,
suggest that a mandatory, independent process of
proficiency testing for public and private forensic
laboratories engaged in DNA testing should be
established. Others, usually from crime laboratories,
support open and blind proficiency tests per se, but
categorically oppose an independent, mandated pro-
gram. What is clear is that proficiency testing has
long been recognized to be a key component of
quality assurance. Clinical laboratories, for exam-
ple, are required by Federal law to meet acceptable
performance criteria under a proficiency testing
program on a quarterly basis (Public Law 100-578).
One administrator of a clinical laboratory profi-
ciency testing program argues that such a program is
the best, economically feasible, external source for
determining lab quality (53). In fact, the TWGDAM
quality assurance guidelines-whose authors in-
clude crime laboratory personnel-include require-
ments for proficiency testing (85).

Although consensus exists that some sort of DNA
proficiency testing program is desirable, disagree-
ment arises over who shall administer it, who shall
judge what constitutes acceptable performance, and
the role of proficiency test results in court proceed-
ings. Some argue that forensic practitioners alone
are best able to make such decisions, while others
maintain that involvement of molecular biologists

and human geneticists is necessary. And, while
many feel the present CTS-FSF program is well-
placed to administer DNA proficiency testing, oth-
ers believe a new system is necessary.

Finally, disagreement exists about the general
availability of proficiency testing results for trial
examination. Some maintain that such testing is
designed for internal quality assessment and feed-
back, and should not be applied punitively against
all work performed by a particular examiner or
laboratory. Others strongly disagree, arguing that
proficiency testing data-especially in the absence
of standards-is the only way to determine whether
reliable findings were obtained for any case. And, as
demonstrated by the studies of the CTS-FSF pro-
gram, how ‘‘inconclusive’ results are classified is
important when error rates are reported.

Federal Authority To Regulate Crime
Laboratories

In theory, the Federal Government can only exer-
cise those powers specifically granted to it in the
Constitution. None of those powers relate directly to
forensic practices in general, or to DNA typing by
crime laboratories in specific, Yet the Federal Gov-
ernment is not powerless in this area. With respect
to setting standards of practice for other types of
laboratories-most notably clinical diagnostics and
drug testing-Congress and the executive branch
have separately and together imposed requirements
designed to ensure consistently high quality. The
following sections examine congressional authority
to regulate forensic uses of DNA technologies, and
analyze present Federal regulation of clinical and
drug testing laboratories.

Taxing and Spending Authority

Article I, Section 8 of the Constitution states that
Congress may spend money “for the common
Defense and general Welfare of the United States.’
It is through the use of conditional appropri-
ations—i.e., attaching strings to grants of money—
that Congress derives its power to regulate through
spending (87). The Supreme Court has upheld con-
gressional authority to impose conditions on the use
of funds directly distributed to States by the Federal
Government. States, to the extent they wish to avail
themselves of such monies, must comply with those
conditions (40).
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Direct finding of crime laboratories would give
the Federal Government the authority to determine
a wide variety of requirements for the delivery of
high-quality service. For example, the government
could attach certain conditions to funds earmarked
for crime laboratories for DNA analysis, or attach
conditions for general quality assurance to appropri-
ations such as recent finding for drug analysis.
Several models of this type exist, for example
reimbursement criteria under Medicare for an array
of circumstances. One section of DHHS’s 1987
‘‘Medicare Program Criteria for Medicare Coverage
of Heart Transplants” (52 FR 10935) requires that
eligibility for Medicare reimbursement for heart
transplants depends on a facility’s demonstrated
experience and survival rate. For DNA analysis of
forensic samples, tying funding to actual perform-
ance on proficiency tests could have a powerful
influence on the quality of services.

In addition to stipulations for direct funding to
crime laboratories, the Federal Government also has
the power to condition the receipt of Federal monies
by a State (instead of by a single laboratory) on the
State’s taking a specific regulatory action. Examples
of these types of stipulations include recent policies
that tie State highway improvement grants to maxi-
mum speed limits or the minimum drinking age.
Thus, the Federal Government could link funds
provided to State commissions or agencies to the
adoption of certain quality assurance procedures or
regulations that effect both State and local crime
laboratories. The power to apply such conditions is
likely true even when the connection between the
State program and DNA analysis is quite attenuated
(92). Congress could mandate, for example, certain
quality monitoring protocols for States accepting
funds for prison construction or other non-DNA-
related criminal justice uses.

Authority Over Interstate Commerce

The second major area over which Congress has
wide authority to regulate forensic uses of DNA
techniques is through the commerce clause of Arti-
cle I, Section 8, which provides the authority “To
regulate Commerce . . . among the several
States. . . .“ Congressional authority to pass laws
relating in any reasonable manner to interstate com-
merce is such a broad power that judicial review
affirming the right is largely a formality (87). Most
judicial review focuses instead on the intent of
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A laboratory of the FBI DNA Analysis Unit, Washington, DC.

Congress to interpret the reach and scope of the
legislation.

Regulation of Products—The commerce power
provides Congress the specific authority to regulate
articles of commerce that pass between two or more
States. The Federal Government clearly could use
the commerce authority to require licensing of
forensic facilities that solicit or provide forensic
DNA typing services to out-of-State clients, as it has
for medical laboratories engaged in interstate com-
merce (42 U.S.C. 263). At the moment, only a
handful of facilities would be subject to regulation
by Congress under this authority. Extremely broad,
this authority also could be used to establish a
mechanism to regulate products used in DNA typing
for forensic applications.

Monitoring the Use of DNA Technologies-Con-
gressional and executive interest and oversight of
DNA technologies is not unprecedented. Recom-
binant DNA technologies have been subject to
Federal scrutiny since the early 1970s. The NIH
Recombinant DNA Advisory Committee, its Work-
ing Group on Human Gene Therapy, and more
recently the Biotechnology Science Coordinating
Committee have all been established to monitor or
regulate various uses arising from the new genetic
technologies. Thus, the Federal Government could
establish a committee or commission to monitor or
regulate forensic applications of DNA tests.

As mentioned, the FBI is the principal investiga-
tive arm of the Department of Justice, with no direct
authority to regulate individual crime laboratories.
The FBI is under the authority of the Attorney
General and acts under the Attorney General’s
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general statutory authority. Some suggest that the
FBI should use its authority to issue official stan-
dards for DNA analysis of forensic casework. On the
other hand, others oppose an official role for the FBI,
believing its laboratories and research facilities
should be subject to an independent commission or
authority established to provide guidance and over-
sight of all private and public entities that do forensic
DNA identification.

SETTING STANDARDS
Setting standards for forensic applications of

DNA testing is the most controversial and unsettled
issue, yet standards are the cornerstone of quality
assurance. Technical and operational standards
for DNA typing in forensic casework are needed,
and needed soon. The FBI (23), industry, molecular
biologists, biochemists, population geneticists, and
forensic scientists all agree that standards are desira-
ble. Agreement on what standards are appropri-
ate, who should decide, how implementation of
standards is best achieved, and whether they
should be mandatory has not yet been reached.

Technical standards are needed to specify proper
gel controls, electrophoresis conditions, the extent
that computer-assisted matching should be permit-
ted, population data to compute probabilities of
matches, and many other parameters. It appears that
setting technical standards-allowing flexibility for
the vagaries of forensic casework and emerging
scientific developments—is within reach. A major-
ity agree that such efforts should include balanced
input from all relevant scientific disciplines.

In contrast, operational standards, such as recordkeep-
ing and proficiency testing, are likely to be more
controversial, for attempts to regulate any sector
have historically been met with resistance. Never-
theless, such standards are necessary if full quality
assurance is to be achieved. Forensic scientists—
practitioners and educators—argue that they are
most knowledgeable about how best to set opera-
tional standards that achieve quality and meet the
needs of crime laboratories without being unduly
burdensome. Some in the forensic community are
prepared to meet this challenge.

Yet while many forensic scientists acknowledge
the need for standards in DNA typing, they resent the
imposition of such standards by another scientific
community unfamiliar with the vagaries of forensic

casework—i.e., molecular geneticists. Some molec-
ular geneticists, on the other hand, believe their
experience over the past two decades with recombi-
nant DNA technologies places them in a position to
define how DNA tests should be applied to forensic
casework. In fact, both communities can and should
contribute to standard setting. Forensic practitioners
are most familiar with the practical problems and
unique situations that can arise in the course of an
investigation, which are situations not encountered
by molecular geneticists in laboratories. Likewise,
research molecular biologists have knowledge about
DNA tests on which forensic examiners can draw.
Forensic academicians, who often are involved in
early stages of evaluating basic research tools before
a technology transfers into crime laboratories, are
perhaps well placed to bridge the gap between crime
laboratory personnel and genetics researchers.

Many have expressed the opinion that an inde-
pendent commission is the best mechanism to han-
dle both technical and operational standards. Others
call for a lead role for the FBI, which some reject as
a conflict of interest. Still others seek Federal or
State legislative solutions. In any case, crime labora-
tories and forensic research have generally been
underfunded, and new requirements will only in-
crease financial difficulties. In addition, various
Federal grant assistance mechanisms have been
severely reduced or eliminated in the past decade.
Thus, while development of standards for recordkeep-
ing and proficiency testing should be encouraged to
move forward, their costs should be recognized.
Nevertheless, formalizing quality assurance mech-
anisms, including standards, should proceed with-
out delay. Such efforts will assist crime laboratories
making decisions about using DNA profiling onsite
(see ch. 6), private laboratories, the Federal Govern-
ment, and the courts.

Some commentators contend that ultimately the
judicial process can provide a stringent test of
scientific evidence and the quality of work in a
particular case. Others strongly disagree, maintain-
ing that it seldom does. The vast majority of scien-
tific evidence introduced in criminal cases goes
unchallenged by the opposition, usually the defense
(72), which generally lacks sufficient resources to
dispute such evidence. Many argue that reliance on
judicial review for quality assurance has been an
unfulfilled promise.
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STANDARDIZATION
Setting standards to ensure quality is distinct from

developing a uniform, national system—i.e., stan-
dardization-of DNA typing within the forensic
science community. Some contend that standardiz-
ing the process is institutional insurance-an addi-
tional layer of quality assurance. Others maintain
that while this step is a necessary component of
usable investigative DNA databanks, its role in
ensuring quality is minimal. Still others believe
standardization could stifle rapid integration of fu-
ture innovations.

No amount of standardization, especially of proce-
dures, however, can be substituted for appropriate
scientific analysis during the progress of an individ-
ual case. By nature, nothing is routine in forensic
casework. The discretion of a qualified investigator
to evaluate a situation and implement appropriate
measures-within standards that need to be estab-
lished—is a fundamental component of quality as-
surance.

Is standardization desirable, or even possible?
Chapter 5 discusses standardization in greater detail.
Nevertheless, achieving some modicum of standard-
ization (e.g., for restriction enzyme-probe combina-
tions used and data interpretation), appears neces-
sary for an effective, national database.

FINDINGS AND SUMMARY
Prior to the DNA era, the genetic analysis of

forensic samples was based strictly on a paradigm of
exclusion. Each genetic marker provided limited
information that eliminated a fraction of the general
population as the originator of a sample (e.g.,
excluding 30 percent, 67 percent, or 1.2 percent of
persons as potential contributors), depending on the
marker detected and the test result. Combining
results for several different markers reduced the pool
of persons who could have contributed to the biolog-
ical sample. The objective, of course, was to exclude
as many individuals as possible—i.e., to reduce the
number of potential sources to the smallest possible
value.

DNA tests operate no differently. Yet their poten-
tial power to discriminate has altered the perception
that genetics can be used only for positive exclusion,
not positive identification. Among all humans ex-
cept identical twins, no two share the same DNA
sequence. Using single-locus probe analysis, foren-

sic examiners can accurately detect some of these
differences to the extent that examination of several
DNA markers can lead to a report that is, in effect,
perceived to be a statistically positive association
between an individual and a piece of biological
evidence. This change in perception, however, does
not alter the fact that forensic uses of DNA tests—
like traditional genetic marker analysis—
are valid.

Are DNA tests reliable? Under routine conditions
of use, do they perform reproducibly within a
laboratory, across many laboratories, and in the
hands of different practitioners? OTA finds that,
properly performed, DNA tests per se are relia-
ble. Serious questions are raised, however, about
how best to ensure that any particular test result
is reliable. These questions focus on data interpreta-
tion, how to minimize realistic human error, and the
appropriate level of monitoring to ensure quality.
Such questions, which stem from actual court cases,
underscore the need to develop both technical and
operational standards now.

Standards alone should not be construed as mak-
ing evidence analysis absolutely reliable. Standards
would, however, provide a benchmark against which
all interested parties can judge a particular analysis.
Undoubtedly some queries will still arise on a
case-by-case basis. At such times, specific details
can and should be evaluated in court. But, with time
and implementation of standards, such questions
should decrease.

What standards are needed for private and public
facilities doing forensic DNA testing, and who
decides? At present, only a vague consensus exists
for the first question, and none for the second. Nor
does consensus exist on how standards should be
administered. Professional societies are making ef-
forts toward regularization of forensic uses of DNA
tests, as is the Federal Government, especially the
FBI and NIST. Some contend that such efforts are
insufficient because compliance is, or will be, en-
tirely voluntary. These voices argue that quality
assurance lapses in both private and public facilities
will persist with voluntary guidelines. Balanced
against this is the belief of many that voluntary
standards are sufficient. Implicit in this point of view
is the conviction that consensus and implementation
of technical guidelines and standards is imminent.

Yet while consensus has been achieved for some
issues, other areas remain contentious. One area
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needing particular attention is the population genet-
ics of RFLP analysis. Controversy centers on the
size of the databases used and the precise approach
that should be used to calculate population frequen-
cies. Some argue that the magnitude of the number
is not the issue, just that the analyst assigns it with
confidence that genetics principles have been ad-
hered to. Others argue that because of the pivotal
role population frequencies can play in reporting
results of forensic DNA tests, agreement is neces-
sary. Nevertheless, using certain conservative as-
sumptions probably allows an analyst to assert a
likelihood that matched samples came from the
same person. General agreement does exist that any
potential bias that could result from calculating
population frequencies favor a defendant.

One area of population genetics of forensic DNA
typing might have an impact on both data analysis
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and privacy considerations (see ch. 5). The dynamic
and diverse nature of the U.S. population calls for
special attention to collection and classification of
genetic differences based on ethnic and racial sub-
groups. For example, genetic data classified as
‘‘Hispanic’ on the basis of self-identification or
surname could skew reported population frequen-
cies, since DNA profiles for Mexican-Americans v.
other Hispanic individuals, including those of Puerto
Rican, Cuban, or El Salvadoran descent, could
differ. Increased population data for RFLP analysis
would benefit both questions of population substruc-
turing, as well as calculating population frequencies
in general.

Quality assurance mechanisms in forensic DNA
profiling encompass a range of options, including
certification, licensure, accreditation, and proficiency
testing. Methods to implement these options exist,
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such as efforts by professional societies, and formal,
nonregulatory methods such as consensus building
among all interested stakeholders. States have au-
thority to regulate DNA typing for forensic purposes
by both private and public facilities, but to date no
State has enacted general licensing requirements for
private laboratories, crime laboratories, or person-
nel. Likewise, the Federal Government has the
authority to direct that solutions be found for quality
assurance of forensic services.

Federal efforts toward quality assurance for labo-
ratories doing forensic DNA profiling need not
develop in a vacuum. Congress and the executive
branch have a longstanding interest in quality assur-
ance for other laboratory services, most notably
clinical diagnostics and employee drug testing. As
such, solutions for these sectors could prove useful
in evaluating quality assurance for laboratories per-
forming DNA analysis in forensic casework.

Setting standards for quality assurance should
proceed without delay. Such efforts will assist pri-
vate laboratories, the Federal Government, the
courts, and public crime laboratories making deci-
sions about implementing DNA profiling onsite.
Such endeavors must also acknowledge that intro-
ducing and maintaining formal quality assurance
mechanisms can be costly and time-consuming, and
will place additional personnel and financial bur-
dens on public facilities already overwhelmed with
casework and traditionally underfunded.

Finally, many questions surrounding forensic
uses of DNA technologies are really questions of
public policy, as much as technical and opera-
tional issues of forensic practice. As such, the
influence and input of attorneys, businesses, govern-
ment officials, and others in settling quality assur-
ance issues is appropriate and important.
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