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DNA IDENTIFICATION: POSSIBILITIES
AND PITFALLS REVISITED*

Dan L. Burkt

ABSTRACT

Although DNA identification testing was initially praised by courts and by commen-
tators, it has more recently been the subject of serious criticism. This article attempts to
view DNA testing in less extreme terms, setting the courtroom use of DNA tests in its
proper context as a problem in law, science, and technology. The article reviews the
technical aspects of DNA testing as well as the applicable legal considerations and ar-
gues that technical advances alone will be insufficient to resolve the controversy sur-
rounding courtroom use of these tests. Rather, the article suggests the difficulties dog-
ging DNA identification are common to any introduction of science into the courts, and
controversy will persist until methods are implemented to enable courts to deal effec-
tively with complex matters of science. The article concludes that the discussion over
DNA testing in fact represents an excellent opportunity to begin resolving the problems
common to judicial consideration of science and technology generally.

INTRODUCTION
The honeymoon is over for DNA "fingerprinting" and the courts. Foren-

sic DNA identification tests, which were once hailed with enthusiasm by the
judiciary and by legal commentators, appear to have fallen on hard times. The
initial praise for the tests that would "revolutionize the administration of crimi-
nal justice' is now replaced by calls for federal regulation of testing,2 for more

*0 1990 by Dan L. Burk. All Rights Reserved.

tB.S., Microbiology, Brigham Young University, 1985; M.S., Molecular Biology and Bio-
chemistry, Northwestern University, 1987; J.D., Arizona State University, 1990. Mr. Burk is a
clerk to the Honorable Noel Fidel of the Arizona Court of Appeals, and a former Editorial Assistant
for JURIMETRICS JOURNAL.

'People v. Wesley, 533 N.Y.S.2d 643, 644 (Co. Ct. 1988).
2See Neufeld & Colman, When Science Takes the Witness Stand, Sci. AM., May 1990, at 46, 53.
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stringent rules of evidence to govern the tests' admission in court,3 and even for
a moratorium on such testing until more rigorous testing standards are devel-
oped. Within the space of a few months, an outcry has begun that may threaten
to bar DNA testing from the courts.

Why the sudden disenchantment? Despite the cautionary admonitions of
some early commentators,' most quickly concluded that forensic DNA identifi-
cation tests were accurate, reliable, and would provide scientific certainty to
criminal proceedings or to paternity disputes.6 The courts followed suit, ac-
cepting at face value the claims of commercial DNA testing laboratories, and
readily admitting the test into evidence.7 A stunned defense bar, uncertain how
to respond to evidence based on complex and rigorous science, took some time
to regroup. Then a series of cases challenging the technique revealed that its
practice was not always as rigorous as its theory: DNA identification testing
could be successfully challenged! The god of scientific certainty was seen to
have feet of clay, and the new converts left the congregation in droves. Recent
commentary has been more cautious or even openly hostile toward the use of
these tests in court. 9

This article seeks to restore some balance to the discussion of DNA identi-
fication testing by adopting a policy-based approach to the controversy sur-
rounding the use of the tests. Much of the recent commentary, whether hostile
to DNA identification tests or favorable toward them, has concerned itself with
the admissibility of such tests in criminal trials. However, the issues raised by

3See Comment, DNA Typing: A New Investigatory Tool, 1989 DUKE L.J. 474, 491-93 (au-
thored by Clare M. Tande).4See Annas, DNA Fingerprinting in the Twilight Zone, HASTINGS CENT. REP., Mar./Apr.
1990, at 35, 37.

5See, e.g., Comment, A New Twist in the Double Helix: Admissibility of DNA "Fingerprint-
ing " in California, 2 SANTA CLARA COMP. & HIGH TECH. L.J. 469, 496 (1989) (authored by
Adrienne M. Grover) ("A cautious approach ... is warranted despite what appear to be inviting
opportunities to test the promising capabilities of the new technique."); Thompson & Ford, DNA
Typing: Promising New Technique Needs Additional Validation, TRIAL, Sept. 1988, at 56; Burk,
DNA Fingerprinting: Possibilities and Pitfalls of a New Technique, 28 JURIMETRICS J. 455, 471
(1988) ("A test currently suitable for scientific research may not yet be suitable to alter people's
lives and legal positions. The legal community should therefore continue to evaluate with caution
the place of DNA fingerprinting in court.").6See, e.g., Comment, Admit it! DNA Fingerprinting is Reliable, 26 HousToN L. REV. 677
(1989) (authored by Suzanne Hickman Stenton) [hereinafter Houston Comment]; Comment, DNA
Identification Tests and the Courts, 63 WASH. L. REV. 903 (1988) (authored by Laurel Beeler and
William R. Weibe) [hereinafter Washington Comment].7See, e.g., Andrews v. State, 533 So. 2d 841 (Fla. Dist. Ct. App. 1988).

sThese developments were avidly followed by the scientific community. See, e.g., Norman,
Maine Case Deals Blow to DNA Fingerprinting, 246 Sci. 1556 (1989); Norman, Caution Urged on
DNA Fingerprinting, 245 Sci. 699 (1989); Anderson, New Technique on Trial, 339 NATURE 408
(1989); Lewin, DNA Typing on the Witness Stand, 244 Sci. 1033 (1989); Barinaga, Pitfalls Come
to Liht, 339 NATURE 89 (1989).

See, e.g., Comment, Trial by Certainty: Implications of Genetic "DNA Fingerprints," 39
EMORY L.J. 309 (1990) (authored by Sally E. Renskers); Note, The Dark Side of DNA Profiling:
Unreliable Scientific Evidence Meets the Criminal Defendant, 42 STAN. L. REV. 465 (1990) (au-
thored by Janet C. Hoeffel).
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these tests are more fundamental than a tricky problem in evidence law, or even
a new factor in considering the rights of the accused. DNA testing exposes is-
sues deep-seated in the American judicial system; they are the same issues
raised whenever science enters the courtroom, whether as a question of envi-
ronmental risk, of computer software protection, of products liability, or in
some other guise. The recent cases concerning DNA identification implicate
the ability of courts to deal with complex matters of science. Consequently, this
article attempts to place DNA identification testing in its proper context as a
problem in law, science, and technology.

I. THE TECHNOLOGY

The current outcry over DNA identification tests stems largely from the
real or perceived shortcomings of the technology through which the tests are
implemented. Some commentators have suggested that the tests were rushed
into forensic application too soon, and that the cure for this is to wait for further
refinement of the techniques involved.' Unfortunately, difficulties at the inter-
face of law and science are not resolved so easily. This section reviews the tech-
nology behind the DNA testing techniques and points out certain recurring
problems that may very well be inherent in the nature of the tests. In addition,
Part B of this section examines examples of recent advances in DNA testing and
uses them to illustrate that new breakthroughs will inevitably entail new prob-
lems of their own. Consequently, technical advances alone are unlikely to lay
the current controversy to rest.

A. Essentials of DNA Identification

The method of DNA identification testing has been described in detail by
numerous commentators;" consequently, only an abbreviated description of
the different testing techniques is provided here, as a reference point for the
present discussion. 2 In addition, this description emphasizes certain aspects of
DNA testing procedures that have been overlooked by the previous commen-
tary.

'OSee, e.g., Lander, DNA Fingerprinting on Trial, 339 NATURE 501 (1989) ("With due re-
spect, the courts have been too hasty. .. DNA fingerprinting is far more technically demanding
than DNA diagnostics .... ").

"The most detailed and authoritative discussion of these tests remains Thompson & Ford,
DNA Typing: Acceptance and Weight of the New Genetic Identification Tests, 75 VA. L. REV. 45
(1989). Detailed but readable explanations of DNA testing methods are given by Thompson &
Ford, supra note 5, and by Thornton, DNA Profiling: New Tool Links Suspects to Evidence with
High Certainty, CHEMICAL & ENGINEERING NEWS, Nov. 20, 1989, at 18. The latter reference is
especially helpful in setting DNA identification in context with other forensic tests such as blood
typing.

IEThe discussion here is condensed primarily from the descriptions by Thompson & Ford,
supra note 5, Thornton, supra note l1, and Burk, supra note 5. The last source includes relevant
citations to the scientific literature.
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1. Theory and Technique
DNA identification testing uses as its substrate the molecule of heredity,

DNA, which is found in virtually every cell of living organisms.' 3 The tests to
not evaluate the wealth of genetic information carried by a person's DNA.
Rather, such tests identify variations in the structure of the DNA molecule. 4

These structural variations are revealed by cutting DNA strands into pieces
with restriction enzymes that break the DNA only at certain recognition sites.
The recognition sites may be absent in some persons; the uncut region of DNA
from such a person will be longer than that from persons who have the recogni-
tion site. These variations of DNA fragment length are called restriction frag-
ment length polymorphisms, or RFLPs. 

In order to visualize these characteristic fragment variations, the DNA
fragments are separated on the basis of size. Native DNA exists as an inter-
twined double helix of two molecules; these are separated into single strands,
and the DNA is placed into wells cut at one end of an agarose gel. The gel looks
something like a slab of grey gelatin. When an electric current is applied, the
pull of the current will cause smaller fragments to migrate farther through the
gel than large fragments. This migration by size in the direction of the current
creates lanes of DNA with different-sized fragments separated into bands. For
ease of handling, the bands are transferred to a filter through the process called
Southern blotting; if the blotting process is done properly, the fragment bands
on the filter will occupy the same positions as they did in the gel. The bands are
then visualized through the use of a radioactive DNA probe that binds to an
RFLP fragment of interest. Probes may be single-locus, identifying only a sin-
gle band at a time, or they may be multilocus, identifying many RFLPs simulta-
neously. Photographic film placed next to the filter will be exposed at the posi-

1
3The genetic complement of a person, which is contained in the DNA of every nucleated cell,

is called the genome. DNA is an enormously long molecule, a chain of subunits called bases, carry-
ing encoded in its length particular regions called genes that are the instructions for the construction
and operation of the organism. See generally D. Suzuiu, A. GRIFFITHS, J. MILLER & R. LEWON-
TIN, AN INTRODUCTION TO GENETIC ANALYSIS 38, 195-96,223 (3d ed. 1986). DNA testing, how-
ever, does not draw upon this wealth of genetic information to distinguish between individuals.

1
4Each structual variation, because it is part of the molecule of heredity, constitutes an inherit-

able characteristic or "allele." However, even though these structural variations are inherited as
part of the DNA, they do not contribute to the characteristics expressed by the organism. See Burk,
supra note 5, at 463-65.

15Fragment length may also be affected by the presence of repeated sequences of DNA, called
variable number of tandem repeats, or VNTRs. Differences in the number of repeated DNA se-
quences appear to occur because of the phenomenon of "crossing over." Inside cells, DNA is
sometimes tightly packaged in X-shaped bodies called chromosomes. During the production of
spermatozoa or ova, the arms of the X may break off and exchange with the arms of another chro-
mosomal X. See B. LEWIN, GENES II 389-92 (2d ed. 1985) (discussing unequal crossing over of
repetitive homologous sequences). This is especially likely to occur where DNA repeats are found,
and the same number of repeats may not be exchanged during the process. This lack of parity in
repeated sequence crossing over leads to slight variations in the length chromosomes, which may
in turn affect the length of RFLPs.
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tion of the bound probe, creating an autoradiograph that reveals the positions of
the RFLP bands.

The banding pattern revealed by the autoradiographic patterns indicates
the particular RFLPs carried by a particular person. Because these characteris-
tics are inherited, they can be used to show relatedness, which has led to the use
of such tests in paternity disputes. 6 In forsenic application among humans,
RFLP banding patterns may be used to link suspects with materials from the
scene of a crime. However, despite these legal applications, these methods
were originally developed by geneticists for laboratory application. Such sci-
entists routinely examine RFLPs in their work. For example, RFLPs are ex-
ceptionally useful as genetic markers for locating genes on chromosomes. 7 Be-
cause RFLPs are found throughout the human genome, some of them will be
linked to genes of interest and can be used as markers in linkage analysis.' 8 Such
laboratory applications of RFLP analysis are well-accepted in the scientific
community. It is when these methods move out of the laboratory and into a
forensic setting that the confusion and controversy begins.

2. The Question of Nomenclature

Much of the confusion surrounding DNA identification testing is bound up
in the term "DNA fingerprinting." As the previous section outlines, there is no
single DNA identification technique, but there are rather several related tech-
nologies for examining RFLP patterns. The term "DNA fingerprinting" is
properly applied only to the multilocus technique, yet the popular press, along
with some legal commentators, have lumped all the RFLP analysis techniques
together under the rubric of "DNA fingerprinting." This label both reflects
and perpetuates the mistaken impression that the different DNA analysis tech-
niques considered above are largely the same. In reality, the results and possi-
ble complications of a DNA identification test differ greatly depending upon
whether a single-locus or multilocus probe is used.

6For similar reasons, RFLP analysis has found a use in preventing ivory poaching; DNA from
elephant tusks carries RFLPs that can distinguish between ivory poached from endangered herds
and ivory culled from unendangered herds. See Cherfas, Science Gives Ivory a Sense of Identity,
246 Scl. 1120 (1989).

7See, e.g., Shumm, Knowlton, Braman, Identification of More Than 500 RFLPs by Screening
Random Genomic Clones, 42 AM. J. HUM. GENETICS 143 (1988); Summers, DNA Polymorphisms
in Human Population Studies, 14 ANN. HUM. Bio. 203 (1987).

'8Genes are located by linkage analysis. Two genetic markers that are inherited together are
said to be linked because they lie on the same chromosome. Crossing-over events, similar to those
described above, will on rare occasions separate linked markers. The farther the markers are apart,
the greater the chance that the chromosome may break in between them, and the more often cross-
ing over will occur. Thus, the incidence of crossing over gives a rough estimate of how far apart the
linked genes are. Probability maps, based on linkage analysis, can thus be constructed to determine
the location of genes on chromosomes. See generally, B. LEWIN, supra note 15, at 34-37 (linkage
and gene mapping generally); Nakamura, Leppert, O'Connell, et al., Variable Number of Tandem
Repeat (VNTR) Markers for Human Gene Mapping, 235 Sci. 1616 (1987) (use of RFLP analysis in
gene mapping).
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In addition, the term "DNA fingerprinting," whether used properly or
improperly, has begun to convey to the lay public and legal communities a con-
notation regarding criminal forensics. This was not the case when scientists
first coined the term, nor is it the case in the scientific community today. The
term is simply an example of laboratory jargon common to the field of molecu-
lar biology. For example, the binding of proteins to DNA is often evaluated by
a technique similar to DNA fingerprinting, called "DNA footprinting. " 9 It is
also possible to generate a characteristic pattern of enzyme digestion fragments
for a protein, which is known as the protein's "fingerprint." 20

In a similar vein, the transfer of DNA fragment bands from a gel to nitro-
cellulose, an integral step in DNA fingerprinting, is referred to as "Southern
blotting." This process was named after its inventor, E. M. Southern. When a
similar technique was subsequently developed for use with a different nucleic
acid, RNA, the new transfer process was humorously dubbed "Northern blot-
ting." 2' A similar process for proteins is now called "Western blotting," and a
laboratory at Northwestern University has developed a variation on these tech-
niques, which they call "Northwestern blotting."

These anecdotes illustrate the genre of whimsical and often tongue-in-
cheek laboratory jargon to which the term "DNA fingerprinting" belongs.
This term entered laboratory parlance long before the lay public or legal com-
munities were aware that such DNA analysis techniques existed. Scientists still
commonly refer to "DNA fingerprinting," but they refer only to a particular
laboratory technique for visualizing DNA polymorphisms. They do not intend
the term to be associated with actual fingerprinting or with criminal investiga-
tions any more than they intend "DNA footprinting" to be associated with ac-
tual footprints or with tracking.

The term "DNA fingerprinting," as used in the laboratory, carries no
connotation regarding identity or individuality in the legal sense. As mentioned
above, the technique has been applied to identifying elephants; 22 it has also been
applied to the DNA of fruit flies, plants, and even bacteria.23 In each of these

'
9
Proteins bound to a DNA strand will protect the strand from enzymatic attack. This is visual-

ized by digesting copies of a particular section of free DNA with enzymes, and then separating the
fragments on an electrophoretic gel. Copies of the same section of DNA are then bound to the
protein of interest, digested with the enzyme, and the fragments are again electrophoretically sepa-
rated. Because the protein will have protected the DNA in the second digestion, some fragment
bands will be missing in the second gel, as compared to the first gel. These missing bands are
fancifully called the protein's "footprint." See B. LEWIN, supra note 15, at 184-87, 189-90
(discussing DNA footprinting).

20]. LEWIN, GENES III 726 (3d ed. 1987).
2
'See L. STRYER, BIOCHEMISTRY 120 (3d ed. 1988) (discussing origins of terms "Southern

blot," .Northern blot," etc.).
22

See supra note 16.23
See, e.g., Spell, Baran, & Wessler, An RFLP Adjacent to the Maize Waxy Gene Has the

Structure of A Transposable Element, 211 MOL. GEN. GENET. 364 (1988) (RFLP analysis in
plants); Huey & Hall, Hypervariable DNA Fingerprinting in Escherichia Coli: Minisatellite Probe
from Bacteriophage M13, 171 J. BACTERIOLOGY 2528 (1989) (multilocus RFLP analysis in bacte-
ria).
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species, DNA fingerprinting may yield information about distinctive genetic
characteristics, yet no one would assert that this indicates fruit flies or bacteria
have "identity" in the same sense that human beings do. This distinction, al-
though seemingly a matter of semantics, has become a matter of some concern

14in light of recent court opinions.
Unfortunately, outside the laboratory, the term "DNA fingerprinting"

has acquired considerable connotative baggage. The term has caught the imagi-
nation of the public and of the press, who immediately associated it with actual
fingerprinting. This was perhaps inevitable, given the use of the technique in
criminal forensic identification. However, as has been suggested previously,
this association may create in the minds of the lay public unwarranted expecta-
tions about forensic application of this technique.25 To avoid creating such ex-
pectations in the minds ofjurors, American courts have in the past barred use of
the term "voiceprint." 6 Although this has yet to occur in the case of DNA
fingerprinting, commentators who are sensitive to this problem have moved
away from using the term, employing instead the alternatives "DNA typing,"
"DNA profiling," or "DNA identification." 27 These terms also recognize that
techniques other than multilocus RFLP analysis may be employed in identify-
ing forensic DNA samples.

Consequently, although use of the term "DNA fingerprinting" is still
quite proper in the laboratory, it is becoming less so in legal commentary. Re-
cent testimony offered in the United States Senate similarly avoided use of the
term. 2

' This is an important and encouraging trend that will, hopefully, soon
extend to the courtroom.

3. Problems and Ambiguities

RFLP testing, like all technology, is subject to the imperfections of reality.
Old batches of restriction enzymes may not completely digest a DNA sample,29

or improper conditions may cause probes to bind to the wrong band.3 Bands
may not transfer properly from a gel to a filter because of bubbles or flaws in
the filter. Human operators may mislabel samples, or accidentally mix them,

24See infra notes 88-92 and accompanying text.
25See Burk, supra note 5, at 468-69.26See id. (discussing prejudicial effect of term "voiceprint"). A similar problem with the term

"lie detector" was in part responsible for complete exclusion of polygraph evidence from Califor-
nia courts. See Comment, supra note 5, at 492-93 discussing Cal. Evid. Code sec. 351. 1).

27This is apparent in the titles of the commentary cited supra notes 6, 9, and 11.28 "DNA fingerprinting was a term of art chosen by Dr. Alec Jeffreys, who developed a sys-
tem, a technology for identification in England, and he utilized the term DNA fingerprinting. I
prefer, because of the difficulties in interpreting this to lay people and distinguishing it from true
fingerprinting-I prefer to call it either profiling or identification." DNA Identification: Hearing
Before the Subcommittee on the Constitution of the Senate Committee on the Judiciary, 101st
Cong., 1st Sess., (1989) 56 (statement of Professor James E. Starrs, George Washington Univer-
sity) [hereinafter Senate Hearing].

29See Thompson & Ford, supra note 11, at 68, 93-94.
30Id. at 73 n. 133; Note, supra note 9, at 481.
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or load them into the wrong well in the electrophoretic gel.3 Usually, such
problems can be corrected by careful laboratory procedures. However, certain
problems may simply be inherent in the technology. This section briefly re-
views such limitations that have recurrently appeared in recent cases.

Mutation. Comparison of DNA banding patterns can, as mentioned above,
be used to establish relatedness. As a general rule, a child can only show
RFLPs inherited from one or the other of its parents, and this may be used to
establish familial relationships by comparison of DNA banding patterns. This
use of DNA testing assumes, however, that DNA does not change. In fact, this
assumption is wrong; changes or mutations in the genome may occur in any
generation, causing a change in the DNA banding pattern, and leading to a
wrong determination of parentage.

Although researchers saw some evidence of mutation early on in the devel-
opment of DNA testing,32 more recent work indicates that the mutation rate is
considerably higher than had originally been supposed.3 British researchers
have found that the mutation rate may be as high as 5 percent for some bands. 1

Consequently, the possibility of mutation is a serious consideration when eval-
uating RFLP banding patterns between generations.

Population. Comparison of DNA banding patterns, whether used to estab-
lish identity or to establish relatedness, is not of much use unless it can be
shown that the patterns compared do not match by chance. Obviously, the more
loci that are examined, the more individualized the patterns will become: many
people in the population will carry the same RFLP, fewer will carry the same
two RFLPs, and so on. Forensic DNA identification tests attempt to differenti-
ate between persons on the basis of this principle. However, as one forensic
expert has observed, the "uniqueness" of a person's banding pattern could
only be conclusively established by comparing it to the patterns of all other
persons, living and dead.35 This is obviously impossible, so forensic labs at-
tempt to do the next best thing: extrapolate the probability of such a random
match from the occurrence of the individual RFLP bands in a much smaller
sample.

3'See Note, supra note 9, at 481. In 1987, the California Association of Crime Laboratory
Directors conducted a blind trial of commercial DNA testing laboratories. Two laboratories,
Cellmark and Cetus, incorrectly matched unrelated samples, one because of accidental mixing,
and the other because failure of the DNA to bind to the nitrocellulose filter prevented proper South-
ern transfer. See id. at 493-94; Barinaga, supra note 8.32See Jeffreys, Wilson, & Thein, Hypervariable Minisatellite Regions in Human DNA, 314
NATURE 67,71(1985).33This actually should come as no surprise. The minisatellite repeats that create VNTR and
"fingerprint" alleles are recombinant "hot spots." Thus, the very phenomenon that allows DNA
testing also complicates it. See Jeffreys, Royle, Wilson & Wong, Spontaneous Mutation Rates to
New Length Alleles at Tandem-Repetitive Hypervariable Loci in Human DNA, 332 NATURE 278
(1988).

3Id. at 280-81.
35Sensabaugh, Forensic Biology-Is Recombinant DNA Technology in its Future?, 31 J. Fo-

RENSIc Sci. 393, 395 (1986).
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Just how small that sample may be, how the sampling is done, and the as-
sumptions that underlie the probability calculation from the sample may all be
the subject of dispute. For example, the calculations normally require that the
mating among individuals in the population chosen must be random. 3 6 In addi-
tion, the characteristic RFLP bands must be in "linkage equilibrium," that is,
they cannot be inherited together.37 These requirements assure that the appear-
ance of the band is an independent event. Unfortunately, many of the popula-
tions examined in forensic DNA identification do not satisfy the first condition.

For example, in a small town, marriage may be constrained by size of the
population." A similar disequilibrium problem may exist among ethnic minori-
ties and subpopulations. It is clear that certain RFLP bands appear more often
in the Hispanic population than in the Black or Caucasian populations ." But, as
some commentators have pointed out, it is not clear whether there may also be
variations within the population called "Hispanic American"; it may be that
Cubans, Chicanos, and other groups have through intermarriage formed their
own unique subpopulations.40 Such groups therefore do not mate randomly
with respect to the general population with which they may be compared. Once
this assumption fails, it is impossible to tell if the linkage equilibrium criterion
is being met either.' Consequently, the population criterion against which
DNA identification matches are declared is likely to be a continuing source of
controversy.

Contamination. Bacteria are ubiquitous, and like all living organisms,
they carry DNA as their primary source of genetic information. As a conse-
quence, bacterial DNA frequently contaminates laboratory experiments. 2

Even the slightest mishandling of reagents, samples, or equipment by labora-
tory personnel may result in such contamination. Bacterial DNA may bind to
RFLP probes, particularly if those probes were created through genetic engi-
neering techniques involving bacteria. Consequently, this type of contamina-
tion often results in the appearance of spurious bands in RFLP analysis.

36This condition is known to geneticists as "Hardy-Weinberg Equilibrium." See Thompson &
Ford, supra note 11, at 85; Neufeld & Colman, supra note 2, at 52.37See Thompson & Ford, supra note 11, at 85; Neufeld & Colman, supra note 2, at 52.3

8In a recent Texas case involving rape and murder, the odds against a random match by DNA
identification were declared to be 96 million to one, despite the fact that the crime occurred in a
small town where DNA testing indicated that many residents were related. See Reply from Simon
Ford and William Thompson, THE ScIENCES, July/Aug. 1990, at 10 (unrelated persons in the town
in question shared an unusually high number of DNA bands); but see Letter from Robert W. Gage,
Fairfield, Texas, id. at 9-10 (prosecuting attorney's assertion that little intermarriage occurred in
the rural town in question). The defendant was sentenced to death. See Lander, supra note 10, at
505; Berger, Chromosomes in the Courtroom, Legal Times, Nov. 20, 1989, at 19.39See Balazs, Baird, Clyne & Meade, Human Population Genetic Studies of Five Hypervari-
able Genetic Loci, 44 AM. J. HUM. GENETICS 182 (1989); see also Baird, Balazs, Giusti, et al.,
Allele Frequency Distribution of Two Highly Polymorphic DNA Sequences in Three Ethnic Groups
and Its Application to the Determination of Paternity, 39 AM. J. HuM. GENET. 489 (1986).

4°See Lander, supra note 10, at 504; Neufeld & Colman, supra note 2, at 52.4 1See Lander, supra note 10, at 504.42See Note, supra note 9, at 480, 482.
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In the research laboratory, this is simply annoying; the experiment must be
thrown out and begun again. Where paternity testing is being conducted, new
samples may be drawn. In a forensic laboratory, however, there is no such lux-
ury; generally, only one sample is available. Moreover, samples collected
from the scene of the crime are by their very nature virtually always contami-
nated, either with bacteria or with the DNA of some other person or creature at
the scene of the crime. Bacterial contamination can often be detected by em-
ployment of a special probe for bacterial DNA, but such detection does not
change the fact that the only sample available is contaminated. Consequently,
the forensic scientist must constantly be on guard against misinterpreting DNA
banding patterns.

Band Shifting. The movement of DNA fragments through an electropho-
retic gel can be substantially effected by minor variations in gel density, salin-
ity of the solution, electrical voltage, and so on. 3 As a consequence, research-
ers quickly learn that DNA bands do not always migrate to exactly the same
position. This problem occurs in the forensic laboratory as well, where such
band shifting creates even more problems in identifying a DNA test match be-
cause of the difficulty in distinguishing bandshifting from environmental con-
taminants. It is often difficult to tell whether two autoradiographs contain the
same bands, slightly shifted, or different bands of slightly divergent fragment
size. It is sometimes possible to correct for band shifting by employing a mono-
morphic probe, a probe that detects a fragment of the same size in everyone."
The band for this probe should appear in the same place for all people; any
variation would indicate a band shift, and the degree of variation indicates the
degree of correction necessary.

Unfortunately; the degree of bandshifting often varies for different sized
fragments; consequently, the correction factor indicated by a monomorphic
probe would only be applicable to fragments of a similar size. Many monomor-
phic probes would therefore be needed to indicate the correction factors for
different sizes of fragments. A more practical approach might be to include in
the electrophoretic gel a lane of molecular weight standards mixed with the
tested DNA. Such standards are routinely used as references to determine the
molecular weight of electrophoresed DNA samples, and the degree of band-
shifting for such fragments would provide appropriate correction factors for a
large range of fragment sizes."

Interpretation. Intertwined with all of the other problems presented here is

43See Neufeld & Colman, supra note 2, at 51-52.
"See Neufeld & Colman, supra note 2, at 51; Note, supra note 9, at 483.
45Viral DNA is ideal for this purpose. Viruses are parasites that reproduce themselves within

cells. Several types of viruses reproduce their DNA as long concatamers of their genomes, re-
peated genomic units that are then cut into single units and packaged in the new viruses. B. LEwiN
supra note 15, 448-49. Consequently, it is possible to obtain the DNA of such viruses in integer
multiples of the genomic size. These make excellent molecular weight standards, and may be
probed with viral DNA sequences. See Letter from Sanjay Kumar, Biomedical Sciences Program,
Wright State University, 247 Sci. 1019 (1990).
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the problem of human interpretation.46 Sooner or later, a human being must
look at the DNA banding patterns and decide whether or not they match. This
decision is complicated by mutations, bandshifting, contamination, and other
variables. Faint bands and other "background" interference often appear in
autoradiographic images; someone must decide whether or not to disregard
these. 7 Ideally, the testing laboratory should run one lane in the electrophoretic
gel that contains a mixture of DNA from the samples to be compared. If the
bands from the different samples are identical, the bands in the mixture should
resolve together. Unfortunately, there is often not enough of the forensic DNA
available to perform a mixing experiment.

Consequently, forensic DNA testing inevitably involves a comparison of
banding patterns from different lanes. There is a tendency for humans to see
only what they expect to see, so it is necessary to find some objective criteria
for declaring matches. Computerized scanning machines are available to aid in
reading autoradiographs, but the computer cannot set the scanning criteria or
interpret the results. In addition, there is likely to be some disagreement over
the appropriate range of objective criteria."8 Such disagreements may be irre-
solvable, but forensic laboratories should at minimum choose some defensible
rule and use it consistently.

B. Advances in DNA Identification

Technology progresses, and so it is always possible that some of the objec-
tions discussed above may be alleviated by refinement of DNA testing tech-
niques. Two important refinements that now appear possible are the use of two-
dimensional gel electrophoresis and more sophisticated employment of the
polymerase chain reaction. Each of these refinements addresses specific short-
comings of present DNA testing methods, but, like all technologies, the refine-
ments may have shortcomings themselves.

1. Two-dimensional Electrophoresis

One severe limitation on RFLP electrophoresis arises from the fact that the
DNA fragments are separated only on the basis of size. It is quite possible for
two fragments with entirely different sequences to comigrate and be read as a
single band.49 This problem might be solved by subjecting the fragments to a

46See Thompson & Ford, supra note 11, at 88.47See Burk, supra note 5, at 465.
48For example, some scientists have used a rule of declaring two bands to match when they are

within three standard deviations of one another, a standard deviation being defined as 0.6 percent
of a fragment's molecular weight. See, e.g., Balazs, Baird, Clyne & Meade, supra note 39, at
183-84. This rule has been criticized elsewhere in the scientific literature, in part because the rule
would allow a match to be declared between fragments that may differ in size by several hundred
bases. Clark, Neutrality Tests of Highly Polymorphic Restriction-Fragment Length Polymor-
phisms, 41 AM. J. HUM. GENETICS 948 (1987).

49See Letter from Gobinda Sarkar, Department of Biochemistry and Molecular Biology, Mayo
Clinic/Foundation, 247 Sci. 1018 (1990); Burk, supra note 5, at 465.
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second separation on the basis of a second characteristic, such as electrical
charge. 5

Researchers have recently applied these principles to allow two-
dimensional electrophoresis of RFLP fragments.52 The fragments are first sep-
arated by size, much as they would be in the usual DNA typing procedure. The
lane containing the fragments is then cut out of the gel and laid next to a dena-
turing gradient gel. A current is applied perpendicular to the direction of the
first separation. The fragments move laterally out of the first gel and into the
gradient gel. The charge of the fragments in the gradient gel is dependent upon
the chemical units, or base-pairs, that comprise the fragments. The fragments
will migrate through the gradient gel to a point determined by their base-pair
composition. Such a separation on the basis of two characteristics allows
greater resolution of molecules that appear to be of identical length. This might
also contribute to alleviation of the bandshifting problem, by allowing base-
sequence discrimination of bands very close in size.

However, the use of this technique in a forensic setting may exacerbate
certain problems discussed above. Unlike the neat banding of one-dimensional
electrophoresis, two dimensional gel electrophoresis produces an autoradio-
graph of scattered blotches.53 Therefore, two sets of objective criteria would be
required to call a match. In addition, although some bandshifting problems
would certainly be solved, others might be created in a system where bandshift-
ing has twice the opportunity to arise. Although this system promises distinct
benefits over present methods, it is by no means a panacea for the technical
problems faced by DNA identification tests, and, presently, is not being used in
forensic applications.

2. Polymerase Chain Reaction

Another limitation on DNA identification testing arises out of the size re-
quirement of the sample tested. Gel electrophoresis requires a significant sam-
ple of DNA, but the amount of DNA necessary is not always available from

50The movement of a molecule when subjected to an electrophoretic current depends in part

upon its molecular weight and in part on its electrical charge. The molecule's electrical charge
depends largely upon the solution it is in, and this provides the basis for a second type of electro-
phoretic separation. See L. STRYER, supra note 21, at 44.

51This type of separation is routinely done with proteins in a process called two-dimensional
gel electrophoresis. Id. at 45. The proteins are first placed in a solution where their electrical
charge is roughly proportional to their size. A current is applied, and they are separated into bands
according to size. They may then be electrophoresed by a current applied at right angles to the first.
This second electrophoretic separation is done through a gel that is increasingly acidic in the direc-
tion the proteins are moving. The proteins will move until they reach the point in the gradient where
their net charge is zero; they stop there because the current only exerts pull on a charged molecule.
Id. at 46.52Uitterlinden, Slagboom, Knook & Vijg, Two-dimensional DNA Fingerprinting of Human
Individuals, 86 PROC. NAT'L ACAD. Sct. USA 2742 (1989).53See, e.g., id. at 2744, 2745, 2746 (autoradiographs of two-dimensional DNA "finger-
prints"). The unattractive splotches in these images might also make two-dimensional separations
less popular with juries than the "bar codes" of one-dimensional images.
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forensic samples. This problem may be addressed by use of the polymerase
chain reaction, or PCR. PCR, like RFLP analysis, was originated as a labora-
tory technique. It has become one of the mainstays of molecular biology, caus-
ing Science magazine to dub the enzyme that is central to PCR as 1989's "Mol-
ecule of the Year."-4 Forensic use of PCR allows amplification of DNA
samples that would otherwise be too small to test.

PCR amplifies DNA by using each strand of the native molecule as a tem-
plate to assemble a complementary strand." As a result, one length of double-
stranded DNA yields two strands of double-stranded DNA, each strand acting
as the template for its own complement. The resulting two lengths of double-
stranded DNA may then be used as four single-stranded templates in another
round of PCR amplification. The copies of amplified DNA double through iter-
ative rounds of amplification. In this manner, a very small sample of DNA can
quickly be amplified to usable proportions.

For purposes of DNA identification testing, PCR was initially combined
with a DNA analysis technique, called "dot-blotting," by which the amplified
DNA was attached directly to a membrane and probed for the presence of a
particular DNA sequence. This method entailed no restriction enzyme digest
or electrophoretic separation by fragment size. 6 Because this method lacked
these discriminating features, it was less able to distinguish between individ-
uals than the RFLP method. However, it was able to provide limited informa-
tion about samples of DNA too small to be analyzed by RFLP methods.

More recently, researchers have combined these techniques to obtain the
best features of each. PCR cannot be used to amplify all of a person's DNA, so
multilocus "DNA fingerprints" cannot be obtained by this method. However,
PCR may be used to amplify the specific segments detected by single-locus
probes, allowing electorphoretic separation of fragments from samples that are
initially very small.57 British researchers have obtained good results with this
technique, which may eventually allow DNA analysis of samples as small as a

"Guyer & Koshland, The Molecule of the Year, 246 Sci. 1543 (1989).
55By heating a sample of DNA, the weak chemical bonds between complementary strands of

the double helix are broken, yielding two free molecules of single-stranded DNA. Short single-
stranded lengths of a DNA primer are then added. These primer molecules attach to specific re-
gions of the free DNA to be replicated; the primers define the area to be replicated and give the
polymerase enzyme a starting point. The polymerase enzyme itself is then added, together with
free nucleotides, the building blocks of DNA. Beginning at the primer, the polymerase rapidly
assembles nucleotide building blocks into chains that are complementary to the single-stranded
DNA. See generally, Thornton, supra note 11, at 24-26; Appenzeller, Democratizing the DNA
Sequence, 247 Scl. 1030 (1990).

56Such fragment separation was not possible with PCR amplification, because only the target
sequence defined by the primers was amplified; there were no long stretches of DNA to produce
fragments. See, e.g., Higuchi, von Beroldingen, Sensabaugh & Erlich, DNA Typing from Single
Hairs, 332 NATURE 543 (1988); Li, Gyllensten, Cui, et al., Amplification and Analysis of DNA
Sequences in Single Human Sperm and Diploid Cells, 335 NATURE 414 (1988).

57See Jeffreys, Wilson, Neumann & Keyte, Amplifciation of Human Minisatellites by the Poly-
merase Chain Reaction: Towards DNA Fingerprinting of Single Cells, 16 NUCLEiC AciDs RES.
10953 (1988); see also Horn, Richards & Klinger, Amplification of a Highly Polymorphic VNTR
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single cell."8 The drawback to this, of course, is that once electrophoretic sepa-
ration is introduced into the method, it becomes subject to the problems of
bandshifting and interpretation discussed above. This creates a trade-off be-
tween greater discrimination and possible complications.

In addition, PCR itself adds certain complications to RFLP analysis. Con-
tamination of the PCR mixture may result in the amplification of spurious DNA
bands. 9 Other problems may arise because the enzyme used is not especially
good at replicating long stretches of DNA. Consequently, shorter RFLP frag-
ments are the best candidates for amplification, a limitation that unfortunately
eliminates from use longer fragments that are very useful in distinguishing be-
tween individuals.6° In addition, the enzyme does not always replicate the se-
quences with complete fidelity; it may "drop" a few nucleotides off the end of
a copy. If this occurs through several rounds of replication, a smear of frag-
ments, each of a slightly different length, may be created in the gel. 6' A similar
problem may be created by improper annealing, or "pairing-up," of the mini-
satellite repeats, leading to incomplete replication of a sequence. If this occurs
early on in the amplification process, a shorter artifact fragment is created and
may be amplified to yield a "new" RFLP band on the gel.62 As might be ex-
pected, these effects greatly exacerbate the bandshifting and interpretation
problems discussed previously.

As a result, PCR, like two-dimensional electrophoresis adds significant
benefits to DNA testing, but also brings attendant problems. These methods
may also exacerbate the problems already existing in the testing process. These
techniques simply illustrate the pattern that is bound to occur with any technical
advance: there will always be new limitations attending new advances, and
there will always be problems inherent in the overall process. Once this is real-
ized and understood, these limitations can be properly taken into account, as is
discussed in Part III below. However, these technological limits can only be
taken into account in the context of the relevant legal standards, as discussed in
the next section.

II. THE LAW

Much of the current ferment in the area of DNA fingerprinting has been
attributed to the technical problems discussed above. Yet the issues raised by

Segment by the Polymerase Chain Reaction, 17 NUCLEIC ACIDS REs. 2140 (1988); Weber & May,
Abundant Class of Human DNA Polymorphisms Which Can Be Typed Using the Polymerase Chain
Reaction, 44 AM. J. Hum. GENETICS 388 (1989).51See Jeffreys, Wilson, Neumann & Keyte, supra note 57, at 10968.

59See Thompson & Ford, supra note 11, at 77-78.
6WSee Jeffreys, Wilson, Neumann & Keyte, supra note 57, at 10958, 10962.
6'Anyone who has ever made photocopies of photocopies has seen an analogous effect: each

time a copy is copied, a bit of resolution is lost. Eventually, after many rounds of iterative copying,
the image produced becomes almost unrecognizable.62See Jeffreys, Wilson, Neumann & Keyte, supra note 57, at 10958, 10962.
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DNA identification tests are far more subtle than that. Despite their technical
shortcomings, there is nothing defective about such tests; they simply cannot
do all that one might wish them to do. Arguably, the legal community has har-
bored unrealistic expectations about DNA identification testing, and this is not
so much a problem with DNA testing as it is with the attitude of the law toward
science. This section examines DNA identification testing in this context, high-
lighting certain matters of law that interact with the problems outlined in the
previous section.

A. Standards in Criminal Cases

Many commentators have recently suggested that DNA identification tests
suffer from the lack of validating scientific standards and that once such stan-
dards have been promulgated, such testing will become appropriate for use in
court.63 Scientific standards can and should be developed, but they will by no
means eliminate the legal issues raised by DNA testing. The law seems to ex-
hibit an odd sort of love-hate relationship with matters of complex science: al-
though the legal community is reluctant to grapple with the substance of such
matters, it apparently yearns for the "certainty" science can provide. Several
examples of this phenomenon have arisen, for example, in recent cases dealing
with the admissibility of DNA identification tests as a matter of criminal evi-
dence."

Although a few jurisdictions have adopted a relevancy test for the admis-
sion of scientific evidence, the majority of courts continue to apply the standard
articulated in Frye v. United States. 6 This requires that the scientific principle
or discovery have gained general acceptance in the field to which it belongs. In
theory, it might seem that the Frye inquiry would both conserve judicial re-
sources and foster better legal decisions. Because judges and jurors seldom
have scientific training, this standard might be expected to relieve courts of
making detailed inquiries into the nature of new scientific evidence. Presum-
ably, the court can instead determine whether scientists themselves have ac-
cepted the science the evidence relies upon. The court can in essence defer to
the judgment of the scientific community, and no scientific sophistication need
be required on the part of the court.

Unfortunately, a detailed scientific inquiry cannot be so easily avoided,
nor can courts so easily abdicate the responsibility of deciding what is to be

63See, e.g., Neufeld & Colman, supra note 2, at 53; Annas, supra note 4, at 37; Lander, supra
note 10, at 505.

64The constitutional and evidentiary doctrines relevant to these cases have been reviewed at
length in the recent commentary, and consequently will not be reiterated here. See Comment, su-
pra note 5, at 479-90; Comment, supra note 9, at 315-16; Houston Comment, supra note 6, at
687-91; Note, supra note 9, at 495-507; Washington Comment, supra note 6, at 932-35; Thomp-
son & Ford, supra note 11, at 53-81; Burk, supra note 5, at 470.

65293 F. 1013 (D.C. Cir. 1923).
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admissible as legal evidence. The admission of evidence is necessarily a legal
judgment, not a scientific judgment, and the court will inevitably be faced with
the necessity of making that judgment. The Frye inquiry may attempt to re-
move that decision from the realm of scientific sophistication, but the attempt is
doomed to fail. The legal decision must in part rest upon the science involved,
and the court will have to come to grips with it. Frye itself catapults the court
into a series of legal inquiries that require a considerable level of scientific so-
phistication. The most obvious of these is the delineation of the particular field
to which the science belongs. For DNA identification testing, is the relevant
field molecular biology, or is it forensic science? Determining the standard for
general acceptance is an equally difficult inquiry. Does this require a simple
majority of the relevant scientists, or perhaps an overwhelming majority? Does
acceptance by a Nobel laureate count more than acceptance by a first-year post-
doctoral researcher?

The most difficult question under Frye, however, is the determination of
exactly what is to have been generally accepted. This problem draws the court
inexorably into a detailed scientific inquiry: Is it the general scientific theory
that is at issue? The technique by which the theory is implemented? Or is it the
forensic application of these techniques?6 This ambiguity in the Frye standard
gives rise to a test that is in many respects analogous to Learned Hand's famous
"levels of abstraction" test.67 The Frye question can be asked at levels of ab-
straction ranging from the very general to the very particular. The more con-
crete the court's inquiry becomes, the more detailed its scientific inquiry must
be. The court's inquiry will only be simplified if the court chooses to cut its
inquiry off earlier than perhaps it should, as is demonstrated by several recent
incidents .68

People v. Wesley. One of the earliest and most extensive decisions apply-
ing the Frye standards to DNA identification evidence was that of the trial court
in People v. Wesley, 9 where the court held that the DNA testing procedures
met the standard of Frye. Although the defense had objected to the sufficiency
of the methods and the population database employed by Lifecodes, the com-
mercial laboratory to be used, the court held these objections to be overwhelm-
ingly refuted by the extensive showing of quality control procedures and proto-
cols employed by Lifecodes. Recent commentary has criticized the Wesley
decision for failure to accurately apply the Frye standard. 0 However, as
brought out in Part I of this article, DNA typing will likely always entail some
level of uncertainty. This is true of any sort of evidence, from eyewitness testi-
mony to sophisticated scientific testing. The policy behind the Frye standard

66See Neufeld & Colman, supra note 2, at 49.67Cf. Nichols v. Universal Studios, 45 F.2d 119 (2d Cir. 1930).
"Several of the cases discussed here are also examined in considerable detail by Note, supra

note 9, at 503-07, and by Comment, supra note 9, at 317-20.
69140 Misc. 2d 306, 533 N.Y.S.2d 643 (Sup. Ct. 1988).
7°See Note, supra note 9, at 504-05.
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was never intended to send courts off on a fruitless quest for certainty; it was
meant to help courts determine if a particular scientific technique will actually
yield information useful in the court's decision. DNA identification tests, when
properly qualified, clearly can offer such information in many or most cases.

Admittedly, the court in Wesley did appear "enamored with the prospect
of admitting into evidence a technique on the 'cutting edge' of forensic sci-
ence,'"7 and indulged itself in statements such as, '[DNA testing] can consti-
tute the greatest advance in the 'search for truth' and the goal of convicting the
guilty and acquitting the innocent since the advent of cross-examination."72
Such language is disturbing because it imputes to DNA testing some ideal of
certainty that the test does not possess. In addition, the court's determination
rested primarily on research applications of RFLP analysis, rather than on fo-
rensic applications. However, the question presented in Wesley was not
whether DNA testing evidence should be admitted to prove guilt or innocence,
but whether an order should issue to obtain such evidence. Consequently, no
actual application, forensic or otherwise, was at issue; only the possibility of
such application. At this level of abstraction, Lifecode's procedures could le-
gitimately be said to meet the Frye standard.

People v. Castro. It was in the Castro case that the opportunity arose to
push the level of abstraction under the Frye test a step closer to actual practice."
A woman and her daughter had been stabbed to death in their Bronx apartment.
A small bloodstain was found on the watch of the suspected killer; this was sent
to Lifecodes for analysis. The commercial laboratory compared the banding
patterns of the DNA on the watch to those from the mother and daughter, and
declared a match. The suspect in the case ultimately pled guilty, admitting that
the blood on the watch was in fact that of the murder victims'. Yet, the DNA
evidence introduced at trial to prove these facts was of such questionable qual-
ity as to open the forensic use of DNA testing up to general attack.

Lifecodes, the laboratory that declared the match, reported that the odds of
a random match were one in 100 million. An independent expert, Dr. Lander,
who eventually agreed to testify for the defense, estimated the odds of a random
match at one in 24 . Much of the evidence that came out during the pretrial
Frye hearing tended to support Dr. Lander. For example, one autoradiograph
that showed five bands in the lane containing DNA from the watch, and only
three bands in the lane containing DNA from the mother, was declared a
match. Michael Baird, director of the Lifecodes laboratory, testified that the
extra bands were discounted because they were probably caused by nonhuman
contamination. This conclusion was reached because the probe used was as-
serted to generate a pattern of fragment bands whose intensities decrease in

71id.

72140 Misc. 2d at 307, 533 N.Y.S.2d at 644.
73Detailed discussion of the Castro hearing is given by Lander, supra note 10, and Note, supra

note 9.74 See Neufeld & Colman, supra note 2, at 48.
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proportion to their length; the extra bands, Baird asserted, could be ignored
because they did not display the proportional intensity. Yet, other scientific
evidence demonstrated that the purported intensity pattern does not exist. For
other autoradiographs, Lifecodes' report listed bands where none could be
found, and failed to list bands that were clearly present. The banding as re-
ported, however, corresponded to the banding that would be expected to de-
clare a match, causing some scientists to suggest that Lifecodes made subjec-
tive comparisons between autoradiograph lanes rather than scoring each lane
individually.

Lifecodes also used a sex-specific probe to identify the samples from the
mother, daughter, and watch as belonging to females. The probe used shows a
band if DNA from a male Y chromosome is present; it shows no band for fe-
males. No band appeared from any of the samples, but, in addition, no band
appeared in the control lane, raising the possibility of a faulty probe procedure.
Baird initially testified that no band should be expected because the control
DNA came from a female-derived laboratory cell line. He was contradicted by
subsequent testimony from a laboratory technician that the control DNA came
from a male laboratory worker. Baird then testified that no band was seen be-
cause the male scientist suffered from a rare mutation that deleted the probe
region. When defense experts pointed out that such a mutation was exception-
ally rare and generally resulted in complete male sterility, Baird changed his
story again, testifying that the control DNA had in fact come from a female
laboratory worker.

Lifecodes' methods for identifying matching bands were also impeached
at trial. Lifecodes had a stated policy of declaring a match when the positions of
two fragments differ by less than three standard deviations, where a standard
deviation equals 0.6 percent of the fragments' molecular weight.75 Two of the
matches declared in the Castro case clearly violated this rule; at trial it was
revealed that the Lifecodes technicians in fact visually examined the bands and
declared a match. In addition, it was revealed that Lifecodes used a measure-
ment of + 2/3 standard deviations when counting matches to determine the pop-
ulation database for determining the probability of a random match. This meant
that for a given set of RFLP bands, the probability of a random match was ap-
proximately twenty times greater than stated by Lifecodes. For a three-probe
test, the error may have been 8,000 times the Lifecodes estimate.

These and other problems of the scientific evidence presented in the Castro
trial so concerned the expert witnesses that scientists testifying for both the
prosecution and defense met and issued a consensus statement declaring the

75See sources cited supra note 48. However, at trial, Lifecodes' laboratory director claimed
that this published standard "may not be the best explanation" of the laboratory's actual proce-
dure. See Lander, supra note 10, at 502. If this is the case, one might ask what in fact is the labora-
tory's actual procedure, and why that actual procedure was not the one published.
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data and procedures to be inadequate.76 The prosecution objected to the state-
ment as hearsay, and prevented its admission as evidence. However, two of the
witnesses were premitted to testify as to its substance.

Out of this mass of confusion, the trial court succeeded in fashioning a
comprehensible opinion that addressed the Frye inquiry at the level of general
theory, at the level of forensic testing, and at the level of actual application.7"
The court held that the requisite standards had been met at all three levels with
respect to evidence excluding suspects. However, in the case of evidence that
would positively identify the defendant as being present at the scene of the
crime, the court held that Lifecodes had failed to use generally accepted scien-
tific techniques, and so the evidence failed at the level of application. The opin-
ion has both been praised and criticized,78 but it unquestionably represents a
turning point in judicial consideration of DNA testing evidence.

The McLeod Incident. Subsequent events worked to substantiate the con-
cerns raised in Castro. In late 1988, criminal charges were filed in Maine
against Kenneth McLeod, who was suspected of sexually assaulting a five-
year-old girl.7 9 Although McLeod did not fit the physical description of the
man who had committed the assault, DNA identification testing by Lifecodes
indicated that McLeod's DNA banding pattern matched that of the forensic
semen sample. However, evidence of repeated blunders by Lifecodes that
emerged at a pretrial hearing caused the prosecutor to drop the charges
against McLeod.

The autoradiograph of McLeod's RFLP pattern contained evidence of
bandshifting; Lifecodes had employed a monomorphic probe to calculate a cor-
rection factor of 3.15 percent. On the basis of this correction, a match was de-
clared. At the hearing, Michael Baird of Lifecodes testified that it was appro-
priate to correct all bands with the same correction factor, which could have
been determined from any monomorphic probe. The defense then produced a
Lifecodes document showing that Lifecodes had in fact used a second mono-
morphic probe which indicated a bandshift of 1.72 percent. The calculation had
been done by Baird himself. On the basis of this second correction factor, no
match could have been declared between the forensic pattern and McLeod's.
Confronted with this, Baird changed his testimony, stating that bandshifting
may vary throughout a gel, requiring different correction factors for different
sized fragments.

Following the hearing, the prosecution's expert witness informed the
prosecutor that, based on information revealed at the hearing, he could not

76There was also disagreement about the validity of Lifecodes' population genetic calcula-
tions, about the use of degraded DNA in declaring a match, and about the correctness of assuming
Hardy-Weinberg equilibrium and linkage equilibrium in the Hispanic population. See Lander, su-
pra note 10, at 503-4.

77545 N.Y.S.2d 985 (Sup. Ct. 1989).78This criticism has followed the same lines as that of Wesley. See Note, supra note 9, at 506.79See generally Norman, supra note 8.
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testify in support of Lifecodes' bandshift correction. The scientist had origi-
nally been shown an autoradiograph of both monomorphic probes on the se-
men sample that was unreadable; it contained too much "background" inter-
ference in the image to measure the bands accurately. The expert asked
Lifecodes to repeat the test, and was subsequently shown a very clean autora-
diograph, depicting only the one monomorphic probe and confirming the
bandshift correction. At the hearing, however, it came out that Lifecodes had
failed to independently size the bands of the second autoradiograph to con-
firm the result. It was also revealed that there were other irregularities, such
as the mislabeling of autoradiographs. Because this key evidence was fatally
flawed, the prosecution withdrew it and dropped the charges. No ruling was
made on the admissibility of the evidence, but, following closely on the heels
of Castro, this incident greatly fueled the scientific and legal outcry for more
rigorous DNA testing standards.

State v. Schwartz. Lifecodes has not been alone in facing recent criticism
over the validity of DNA testing. In the 1989 Minnesota case State v.
Schwartz,0 Lifecodes' competitor, Cellmark Diagnostics Corporation,
matched the defendant's DNA pattern with that of a bloody shirt found near
the scene of a murder. Questions regarding the admission of the DNA evi-
dence were certified to the Minnesota Supreme Court. Apparently following
the lead of Castro, this court held that the DNA testing procedures met the
Frye test for general acceptance of theory and practice, but then balked at
holding that the particular evidence at issue met the necessary standard. The
Minnesota court discussed the existence of standardized procedures and
quality control guidelines promulgated by the FBI-coordinated Technical
Working Group on DNA Analysis Methods (TWGDAM), which Cellmark
researchers had admitted at trial their methods did not meet. The court held
that the failure to follow such generally accepted guidelines rendered the
DNA testing results inadmissible.

B. Standards in Family Law

The few cases that have addressed DNA testing outside the area of crimi-
nal law have been largely concerned with matters of family law and related-
ness. The cases in this area illustrate much the same attitude as those in the area
of criminal evidence: a desire by the courts to embrace a standard of scientific
"certainty" without having to grapple with the complexities of science. This
trend is in some respects more disturbing here than in criminal matters. Al-
though the rights of the accused are fundamental to constitutional jurispru-
dence, the Davis case, discussed below, signals the entry of DNA testing into
the controversial area of reproductive rights.

80447 N.W.2d 422 (Minn. 1989).
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1. DNA Testing and Relatedness

DNA testing to establish relatedness in American courts was first reported
in the New York decision In re Baby Girl S.8 A couple had initiated proceed-
ings to adopt the child, with the consent of the mother and her estranged hus-
band. However, a third party had already commenced a proceeding to establish
his paternity and obtain custody. The evidence showed that the child was con-
ceived during the time that the mother had engaged in sexual intercourse with
the intervening party, and the estranged husband submitted an affidavit deny-
ing paternity. The mother declined to testify. Court-ordered HLA blood typing
strongly supported the paternity claim, and would alone presumably have been
more than enough to rebut the presumption of legitimacy for a child born to a
married woman. However, DNA typing had also been performed and appeared
to support the claim as well. The court, almost as a matter of overkill, admitted
the DNA evidence and held that the putative father had established his claim.

Given the facts of the Baby Girl S proceeding, the court clearly reached the
correct conclusion, but its route to that conclusion is somewhat disturbing. Al-
though the HLA testing, together with the other evidence, was sufficient to re-
but the presumption of legitimacy, the court reached out to admit the novel
DNA testing evidence without determining the reliability of the test. The court
did so, based upon a New York statute making admissible the results of "blood
genetic marker tests." According to the court, it was "undisputed" that the
DNA test fell within the ambit of the statute, making it admissible, despite the
disagreement of a scientific expert with the mathematical calculation used to
determine the combined paternity index." A similar admission of evidence was
made in the Wisconsin case In re Paternity ofJ. L. K. 83 There, the putative father
objected to the admission of DNA typing evidence without a determination of
its reliability. The court nonetheless admitted the test results under a statute
allowing such admission of tests of "genetic markers on blood cells and com-
ponents. "

It is not immediately obvious that this is the correct result. For example,
looking at the plain language of the Wisconsin statute, one might argue that
DNA typing is not a "blood" test; the DNA can be obtained from cells in al-
most any tissue of the body. However, this is also true of HLA testing; the HLA
antigens are expressed in most body tissues, and blood is simply the most con-
venient to obtain. Thus, genetic "blood" tests for purposes of the statute need
not come exclusively from blood. Of course, DNA is not a "genetic marker on
a blood cell"; it is found within cells, whereas HLA antigens are found on the

8140 Misc. 2d 299, 532 N.Y.S.2d 643 (Sup. Ct. 1988).
82The court stated that "[slince he [the scientist) is not a tatistician, the court cannot accord

much weight to this testimony." 140 Misc. 2d at 304, 532 N. Y.S.2d at 637.
83151 Wis. 2d 566, 445 N.W.2d 673 (Ct. App. 1989).
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surface of cells. It is doubtful, of course, that the legislature considered this
nuance of the statutory language, or was even aware of the distinction. '

A more fruitful inquiry might be to ask whether the legislature considered
DNA typing in passing the particular statute, and if it did not, whether it in-
tended all genetic tests to fall within the ambit of the statute. In many cases,
factors such as timing will determine this question; the statutes will have been
enacted before DNA typing was used for paternity testing. Absent clear legisla-
tive consideration of DNA testing, sound policy reasons not to extend the stat-
ute to new technologies may exist. HLA typing, after all, has been around for
some time. Although it is not a perfect system, its foibles are known, and it has
enough of a history to merit statutory admission. Legislatures might quite prop-
erly relieve the courts of continually reexamining the admissibility of such a
test. DNA typing on the other hand has virtually no track record and for the
time being probably merits a measure of judicial examination.

A related problem appears in the dictum of another New York case, King
v. Tanner.5 The plaintiffs, husband and wife, brought an action for slander
against the mother of a child who claimed that the plaintiff husband was the
father of the child. The defendant raised as an affirmative defense the truthful-
ness of the statement. The plaintiff father agreed to submit to DNA paternity
determination by Lifecodes. Lifecodes reported a 99.9993 percent probability
of paternity, which the court admitted on the basis of the decisions in In re Baby
Girl S and People v. Wesley. The court granted the defendant's motion for sum-
mary judgment, holding that the test results met the burden of proof for her
affirmative defense, which was inadequately opposed by the plaintiffs.

Here again, the ultimate outcome seems proper, but the discussion sur-
rounding the decision typifies a disturbing approach to scientific matters in the
courts. It is perhaps not surprising that the court in King blithely accepted the
DNA testing evidence without questioning whether holdings appropriate to the
facts in previous cases were appropriate to the situation before it. What is sur-
prising are the lengthy ruminations of the court on the certainty and precision
that DNA testing will bring to the legal system. On a motion for reargument,
which the court denied, the court again indulged itself in a lengthy soliloquy on
scientific certainty, proposing to do away with the various legal presumptions
and inquiries of paternity disputes in favor of DNA testing. Admittedly, DNA
testing makes it tempting to simply discard the battery of presumptions regard-
ing legitimacy, sexual access, sexual promiscuity, etc., and rely on more direct
evidence of relatedness: the examination of RFLP genetic markers. One might
think that judicial resources would be conserved and a great deal of bother

84For a discussion of state statutes making blood testing results presumptively admissible in
paternity proceedings, see generally Kaye, Presumptions, Probability & Paternity, 30 JURIMET-
iucs J. 323 (1990). See also generally Ellman & Kaye, Probabilities & Proof: Can HLA and Blood
Grou f Testing Prove Paternity? 54 N.Y.U.L. Rav. 1131 (1979).

142 Misc. 2d 1004, 539 N.Y.S.2d 617 (1989), motionfor reargument denied, 545 N.Y.S.2d
985 (1989).
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avoided if direct rather than circumstantial evidence became the determining
factor in such disputes. Yet the legal presumptions at issue were developed
over a long period of time, and for good reasons. Such lessons, learned from
long judicial experience, ought not be discarded during an initial period of in-
fatuation with a new technology. The King court's longing for certainty is un-
derstandable, but is likely not prudent.6 More importantly, such an attitude
reveals a fundamental misunderstanding of the nature of science and technol-
ogy, as will be discussed in Part III below."

2. DNA and the Right to Life

The most astonishing employment of DNA profiling appears in a recent
case where DNA evidence was neither introduced nor at issue. In the highly
publicized case of Davis v. Davis,88 a Tennessee trial court was called upon to
determine which spouse in a divorce proceeding had decisional authority over
seven frozen embryos. The embryos had been fertilized in vitro, then cryopre-
served during the couple's unsuccessful attempts to bear children. Mrs. Davis
sought custody of the embryos, still intending to pursue her goal of mother-
hood. Her husband objected, stating that he no longer wished to father her chil-
dren. Mr. Davis' attorneys argued that the issue in the suit was primarily one
involving joint property, whereas Mrs. Davis' attorneys attempted to charac-
terize the proceeding as something akin to a custody dispute.89

The result was something more than anyone had bargained for. In an opin-
ion that reached far beyond the issues of the case, the trial judge declared that
"life begins at conception," that the embryos were equivalent to offspring, and
that in their best interests custody would be awarded to Mrs. Davis. The court

tDNA evidence, when used for purposes of determining relatedness, is somewhat less subject

to contamination because fresh blood samples are used. However, band-shifting remains a prob-
lem, as are a host of new considerations. For example, it is in the context of relatedness that muta-
tion rates become a serious concern. See supra notes 32-34 and accompanying text. Also, as the
previous discussion of Hardy-Weinberg equilibrium hints, it is in situations of relatedness that
DNA evidence is least able to distinguish between individuals. See supra notes 36-38 and accom-
panying text. There is far less information to work with in DNA relatedness studies, as compared to
DNA identity studies, because the putative father contributes at most only half of the child's band-
ing pattern. See Burk, supra note 5, at 466-67. This may be further complicated by factors such as
homozygosity, where each parent contributes an identical RFLP allele.8 7This area may also raise the concern of judicial administrability. Judges and jurors are usu-
ally not statisticians; they need rules that they can understand. Courts may grasp concepts such as
legitimacy, access, and promiscuity, but they have historically had a notoriously difficult time
grasping the nuances of probability calculations. At the same time, when such calculations are
condensed into a single, readily cognizable number such as the so-called "paternity index," the
way is opened for triers of fact to be seriously misled. See generally Aikin & Kaye, Some Mathe-
matical and Legal Considerations in Using Serological Tests to Prove Paternity in INCLUSION
PROBABILITIES IN PARENTAGE TESTING (R.E. Walker ed. 1983). There is no reason to think that
this problem will become at all lessened in the case of DNA identification tests; indeed, given the
astronomical numbers generated by the commercial DNA testing labs, one might expect the prob-
lem to become worse.

8815 Fam. L. Rep. (BNA) 2097 (No. E-14496, Tenn. Cir. Ct. Blount Cty., Sept. 21, 1989).89See Klein, Frozen Embryos: Which Parent Has Right to Them?, The Arizona Republic, Aug.
6, 1989, at A4.
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accorded the embryos the status of persons because of its finding that "the cells
of human embryos are composed of differentiated cells, unique in character
and specialized to the highest degree of distinction.'"' To reach this conclusion
of personhood based upon "differentiation," the court summarily rejected the
testimony of Mr. Davis' expert witnesses, and instead relied wholly upon the
testimony of Mrs. Davis' expert witness, Dr. Lejeune.

Dr. Lejeune testified at trial that cells are "specialized" and "unique"
from the moment of conception because of their individual genetic comple-
ment. As support for this statement, he referred to recent examples of DNA
analysis, particularly the multilocus "fingerprint" analysis developed by Dr.
Alec Jeffreys. There was during the trial no determination that Dr. Lejeune was
an expert on matters of multilocus RFLP analysis, nor was evidence concern-
ing such analysis actually introduced. Indeed, the court professed itself incom-
petent to evaluate such evidence had it been introduced. The court instead re-
lied upon appellate approval of RFLP evidence in the criminal case of Andrews
v. Florida9 ' to verify Dr. Lejeune's testimony. The opinion of the court in
Davis offers no rationale as to why the admission of DNA analysis in a Florida
criminal trial should be determinative of when "life begins" or when per-
sonhood as a legal matter should be recognized.

The trial court in Davis was clearly reaching for a particular result, but its
reliance upon DNA identification tests to do so is disturbing. A scientific finding
of genetic "individuality" is by no means determinative of a legal finding of "in-
dividuality." As discussed in Part I above, DNA analysis has been performed on
a variety of species, including elephants, bacteria, and fruit flies.9 Such analysis
may reveal unique or individual genetic traits in these organisms, but this surely
does not mean that bacteria or fruit flies qualify for the status of "persons" under
the law. The determination of such status, whether for purposes of custody, of
tort law, or under the Fourteenth Amendment of the United States Constitution,
is a difficult legal question that courts cannot abdicate to DNA analysis. The next
section examines in more detail this problem of undue judicial deference to sci-
ence, and suggests several approaches to deal with it.

9°Apparently, the court in Davis had some trouble distinguishing the term "differentiated"

from the term "different." To a cell biologist, differentiated cells are those that are specialized to
perform a certain tissue function, such as nerve celis, muscle cells, or blood cells. See D. Suzuki,
A. Griffiths, J. Miller & R. Lewontin, supra note 13 at 456-57,459, 464. The Davis' preembryos
were frozen at a stage before any of their few cells had become committed to a specialized function.
Consequently, no matter how "different" or "unique" the cells' genetic complements might be,
they were not differentiated in the biological sense of the term.

9533 So. 2d 841 (Fla. Dist. Ct. App. 1988) (first appellate review of DNA identification evi-
dence). Ironically, evidence on DNA typing of preembryos would at the present time be impossible
to introduce; conventional methods for RFLP analysis require a larger DNA sample than the pre-
embryo has to give. However, some researchers are now pioneering techniques that allow the re-
moval of a single cell from the preembryo, amplification of the cell's DNA by PCR, and genetic
analysis of the DNA. The embryo does not appear to be harmed by the removal of the single cell.
See Cherfas, Britain's Lords Debate Embryo Research, 246 Sci. 1554 (1989).92See supra notes 16, 23, and accompanying text.
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III. THE INTERACTION OF LAW AND SCIENCE

The cases summarized in Part II illustrate two themes that are dominant not
only in the DNA testing debate, but in interactions of law and science gener-
ally. The first of these themes involves the myth of scientific certainty. In Wes-
ley, King, Davis, and other cases, the judiciary has expressed a belief that sci-
ence can somehow add certainty to their job. As the discussion in Part I
indicates, however, this belief is based on a fundamental misunderstanding of
science. If lawyers do not understand the workings of the western scientific
method, neither do scientists understand the workings of Anglo-American ju-
risprudence. This is the second theme that runs through cases such as Castro
and McLeod: science and law embrace different values, and disaster awaits the
scientist who mixes the values of his discipline with those of the adversarial
system. This section draws upon the commentary regarding problems of scien-
tific certainty and adversarial science generally to place DNA testing in its
proper context and to propose approaches to defining the proper role of DNA
testing in the courts.

A. Questions of Certainty

Much of the confusion surrounding forensic DNA identification arises out
of popular misconceptions regarding science and the scientific method. Be-
cause science values rigor, exactness, and repeatability, many in our society
have come to suppose that science yields answers that are more certain than
those of other social institutions. As demonstrated in the Davis case above, this
may lead courts to believe that a scientific technique such as DNA identifica-
tion will somehow alleviate the uncertainty in making difficult legal choices.
This sentiment was expressed by the trial judge in King v. Tanner, in an opinion
that reads almost like a hymn to scientific certainty:

Once the DNA probe results reach into the 99 + % range, it is difficult to
believe a court would for any reason disregard the testing if same has been
determined to have been reliable and base its decision on e.g., "credibility
of witnesses." Few such areas of the law are capable now of scientific
legal resolution and it is folly to suggest that a testing in itself so reliable is
"but one of the factors a Court must weigh in its determination.". . .The
accurate DNA probe testing ensures both swift justice to all of the parties
involved and serves to mitigate the legal uncertainty of this area of the
law .... 9'

There is, alas, almost no basis for this magnificat. It is instructive to con-
trast this sentiment, or that of the court in Wesley,' quoted above, to the evalua-
tion of scientific decision-making penned by the late poet and mathematician
Jacob Bronowski. Bronowski spent the better part of his career attempting to

93545 N.Y.S.2d 649, 652 (Sup. Ct. 1989) (citations omitted) (emphasis in original).
94See supra note 72 and accompanying text.
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convince the lay public that science is a quintessentially human endeavor and,
as such, necessarily involves human value judgments. In his dialogue The Aba-
cus and the Rose, Bronowski attacked the myth of dispassionate scientific cer-
tainty:

Every approximation in science is a judgment; it asserts that the analysis
need be pushed no further. We can stop here, it says; what has been left out
is not important. And what does "important" mean? It means that what
has been put in is judged to be relevant, and what has been left out is judged
not to be relevant. Every scientific description is of this kind: it puts down
what it judges to matter, and it leaves out what it judges not to matter.95

Although Bronowski speaks here of judgments made in science, he might
equally well be speaking ofjudgments made in law: a court includes in its deci-
sion that which it judges to matter, and it leaves out that which it judges not to
matter. The standards for legal relevance are of course different than those for
scientific relevance. Courts often exclude evidence that a scientist would find
relevant, and courts include evidence that no scientist would consider. As a
consequence, courts often reach conclusions that seem silly from a scientific
viewpoint, but may make perfect sense as a matter of social policy or judicial
administration.

Bronowski's most critical insight, though, is that the conclusion reached
by a scientist is just as much a matter of human judgment as is the conclusion
reached by a trier offact. Science and law may take different values into ac-
count, but their conclusions are value judgments nonetheless. The judgment of
a scientist does not proffer anything as comforting as "certainty" any more
than does the judgment of a court.

The responsible scientist is aware of this limitation; it is one of the reasons
that he puts error bars on his graphs and reports data that deviate from his ex-
pectations. He may argue vehemently for his interpretation of the data, but he is
aware that there may be other interpretations; these he refutes when they are
inconsistent and accepts when they are persuasive. He realizes that his interpre-
tation is just that: an interpretation, a judgment, and as Bronowski goes on to
point out in his dialogue:

And then one day a scientist with a more adventurous mind makes a new
judgment. He decides to push the analysis a step further. He is not content
to accept that only so much matters; he takes in another detail. And be-
hold, when the new detail is included, the picture of the universe that ac-
commodates it is wholly different. 96

This is precisely what occurred in the Castro trial. The experts from Life-
codes included in their judgment that which they concluded to be relevant, and
they left out that which they concluded not to be relevant. Their view of the
universe set the odds of a random match at one in 100 million. The other ex-

95
J. BRONOWSKI, The Abacus and the Rose: A New Dialogue On Two World Systems in Scl-

ENCE AND HUMAN VALUES 90 (rev. ed. 1965) (emphasis added).
96id.
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perts, by contrast, took in additional details from the same data. Their view of
the universe set the odds of a random match at one in 24. Such differences in
interpretation are inherent in the nature of science. That is the reason that tech-
nical advances in DNA testing will never eliminate the need for careful judicial
consideration, and it is one reason that the judgment of a scientist should never
be more than one factor taken into account in the judgment of a court.

B. Adversary Science

Not only is science an interpretive endeavor, the people who pursue it are
human beings with their own opinions and prejudices about decisions that will
affect society's quality of life, the kind of decisions made by a court of law.
Ideally, a responsible scientist will attempt to keep her personal judgment sepa-
rate from her professional judgment, but the two will undoubtedly become in-
termingled some of the time. This problem is not unique to scientists: it is a
consideration with any witness in any judicial proceeding, and courts have de-
veloped procedures for taking personal bias into account.

A more serious problem arises when the mixing of personal and profes-
sional judgment is intentional, rather than inadvertent. The promulgation of an
individual crusade under the guise of scientific opinion creates a situation that
courts are less well equipped to deal with because the trier of fact will often be
unable to recognize statements that lie outside the acceptable range of scientific
interpretation. This problem of "adversary science" has been considered at
length by commentators such as Milton R. Wessel. 97 For purposes of this arti-
cle, it is relevant simply to note that, first, adversary scientists create an addi-
tional barrier to effective dispute resolution, and second, in an adversary sys-
tem, advocacy of personal causes cloaked as scientific opinion almost
inevitably recoils on the advocate.

There has clearly been a surfeit of adversary science in the area of DNA
identification. As one expert witness observed following his involvement in the
Castro hearing, "The court system is adversarial ... and expert witnesses are
encouraged to go further in their statements than they might otherwise be pre-
pared to go.'"" Scientists from commercial laboratories that offer DNA testing
have regularly appeared in court proceedings, not merely to testify regarding
the performance of a particular DNA identification test, but to testify regarding
the accuracy and reliability of such procedures generally. This is particularly
true in the case of Lifecodes Corp., leading one commentator to observe that
the Director of Lifecodes' laboratory, Dr. Michael Baird, has become "some-
what of a professional witness" at criminal trials.99 These scientists, whether

97Wessel, Adversary Science and the Adversary Scientist: Threats to Responsible Dispute Res-
olution, 28 JURIMETRICS J. 379 (1988); M. WESSEL, SCIENCE AND CONSCIENCE 42-47 (1980).9 Lewin, supra note 8, at 1053 (quoting Dr. Richard Roberts).

99See Note, supra note 9, at 499 n. 194.
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from Lifecodes or its competitors, have a clear pecuniary interest in the accep-
tance of DNA evidence by the courts. The success of their employers and the
stability of their own employment depends upon continued use of DNA testing.

In addition, there has been considerable hyperbole employed in describing
DNA identification tests. Bald statements or broad hints that DNA testing is
infallible, or unqualified and astronomical estimates of the probability of a ran-
dom match, are not only irresponsible, they border on scientific fraud. Such
statements are equivalent to leaving the error bars off a graph or failing to re-
port data that contradict one's hypothesis. DNA identification testing is clearly
not infallible, either in theory or practice. The probability of a random match
cannot simply be one in 30 billion, or one in 100 million. It cannot even be one
in 24. It is, rather, one of these numbers qualified by certain assumptions and
subject to a certain percentage of error. When the assumptions change, so do
the numbers, as demonstrated in the Castro trial.

The assumptions on which a DNA typing match are declared should be
fully and plainly disclosed, and hyperbole should be avoided, not only as a mat-
ter of professional responsibility, but as a matter of sound business judgment.
Castro and the subsequent cases discussed above illustrate how failure to fol-
low such a course of action can be devastating not only in the courtroom, but in
the marketplace. The furor stirred by the recent cases threatens to send "DNA
fingerprinting" the way of "voiceprints," neutron activation analysis, and
protein marker electrophoresis.'w0

This level of controversy prompted Lifecodes researchers to complain in
one scientific journal that too much was being made of a single instance of
laboratory error; why didn't anyone look at all the times the DNA analysis
was judged to be correct?'0' This complaint seems legitimate on its face; mis-
takes do happen and we expect the adversary process to winnow them out.
But a single proceeding in isolation has not prompted the outcry; previous
overblown claims regarding DNA identification, together with the tech-
niques' recent conspicuous failures have prompted the outcry. This is the
backlash that characteristically follows adversary science, and if DNA iden-
tification is to remain a viable forensic tool, then something must be done to
mitigate the current reaction. Several such mitigation strategies are explored
in the next section.

'0°Each of these investigatory techniques enjoyed a brief vogue in the courts, where they, like
DNA testing, were claimed to offer scientific certainty. See generally Cornelius, Truth Has Many
Facets: The Neutron Activation Analysis Story, 20 J. FORENSIC ScI. Soc'y 93 (1980); Note, The
Admissibility of Electrophoretic Methods of Genetic Marker Bloodstain Typing Under the Frye
Standard, 11 OKLA. CITY U.L. REV. 773 (1986); P. GIANELLI & E. IMWINKELREID, SCIENTIFIC
EVIDENCE §§ 10-1 to 10-3 (1986) ("voiceprinting").

'0 'Letter from Kevin McElfresh, Forensic and Paternity Laboratories, Lifecodes Corporation,
246 Sci. 192 (1989).
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C. Mitigating Adverse Effects

In the midst of the current furor over DNA testing and its use in the courts,
commercial firms such as Lifecodes have expressed some puzzlement as to what
all the shouting is about.°2 This attitude is understandable; the actions of the com-
mercial laboratories have been in some sense both rational and socially desirable.
They clearly provide a valuable service. Developing expertise in DNA testing is
an expensive and lengthy process; most county prosecutors and district attorneys
will not have access to a laboratory that will have such expertise. The FBI labora-
tory would quickly become swamped if it were required to service the investiga-
tory needs of every law enforcement agency in the nation. Hence, there is a need
for commercial laboratories that have developed a testing service and are looking
for a legitimate return on their investment. If the legal community has developed
unrealistic expectations based on the advertising claims about DNA testing, then
it can hardly be said to be the commercial laboratories' fault alone.

Nonetheless, there have been such expectations, and the lack of their ful-
fillment bodes ill for DNA testing. The current situation can be rectified by
employing methods developed to address other controversies in law, science,
and technology. This section outlines strategies that might be adopted by the
major players in the DNA controversy. Although the adoption of such strate-
gies may not provide a comprehensive solution to the problems discussed in
previous sections, they may provide some relief where DNA identification
testing is concerned and serve as a springboard to resolving other law and sci-
ence controversies having similar parameters.

1. Involvement by the Scientific Community

Since the DNA identification fiasco in Castro, there has been an increasingly
fervent call for scientists to become involved in standard-setting for forensic
DNA tests in order to avoid decisions by the courts that the scientific community
feels would be better made through peer review. 3o This sentiment is refreshing
and represents a substantial change from earlier scientific community response.
Initially, some molecular biologists were reluctant to testify against DNA typing
evidence, fearing that the public would misconstrue this as discrediting the un-
derlying science." Others assumed that the forensic application of RFLP analy-
sis techniques would be as rigorous as are research applications. As Castro dem-
onstrated, however, the scientific community has an important role to play in

'O2 1d.; Letter from John Winkler Jr., Senior Vice President, Lifecodes Corporation, 247 Sci.
1018 (1990).

03See Norman, supra note 8, at 1558 (quoting Dr. Eric Lander, "The right place to address
these questions is in scientific journals rather than in courtrooms."); Letter from Katie Smith, Re-
search Manager, Hybritech Inc., CHEMICAL & ENGINEEERING NEWS, Feb. 26, 1990, at 2, 3 ("If
the scientific community fails to take up this task [of setting DNA testing standards], then govern-
mental bodies and the courts certainly will.").

1
04See Neufeld & Colman, supra note 2, at 53.
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identifying forensic applications that are less than rigorous and distinguishing
these from accepted science. This type of professional activity serves to validate
and protect the underlying science, rather than discredit it.

The professionalism demonstrated by the expert witnesses in Castro and in
the McLeod matter, some of whom donated substantial time without financial
remuneration, typifies scientific responsibility at its finest. More involvement
of this type is needed to combat adversary science in the area of DNA identifi-
cation and elsewhere. Some have suggested that scientific societies organize a
"friend of the court" program, through which scientists, who are not involved
in a particular adversarial proceeding, could be provided to explain to the tribu-
nal both the accepted scientific principles underlying an issue and the accept-
able range of scientific differences on that issue.'°' This is in many respects
what happened on a spontaneous basis in Castro, and the results there demon-
strate the value of such a resource. The formalization of such a program would
greatly aid the courts in dealing with DNA identification evidence.

Another forum for scientific involvement outside the courtroom is in the
convening of "expert panels" that may issue scientific findings for the use of
courts and legislatures. In the wake of Castro, there was a call for the promul-
gation of DNA testing standards by such a panel. As a result, the National
Academy of Sciences has appointed a committee to issue a report on testing
standards, which is expected to appear by the end of 1990. '16 An advisory report
to Congress is expected at the same time from the Congressional Office of
Technology Assessment (OTA). '"' Such reports will undoubtedly be valuable
"yardsticks" for courts, as the standards of the FBI working group were for
the Minnesota Supreme Court in Schwartz.

However, in the past, there have been charges that the reports of such ex-
pert panels do not represent a broad enough range of scientific opinion because
generally only a handful of scientists are involved. 0s There may also be charges
of bias in the selection of scientists to serve in such a capacity. Some problems
in this regard have already surfaced in the area of DNA testing evidence. For
example, a committee of the American Association of Blood Banks that was
charged in 1989 with promulgating national standards for DNA typing tests
brought in as their experts senior scientists from Lifecodes and Cellmark, who
it has been charged have a vested pecuniary interest in this area.'°9 By the same
token, Dr. Eric Lander, who testified for the defense in Castro has served as
the chief consultant for the OTA report."'

"°5Letter from John F. Aheame, Resources for the Future, 241 Scl. 1413 (1988) (proposing
that scientific organizations provide a "friend of the court program").

'06See Norman, supra note 8, at 1558; Anderson, supra note 8, at 408.
1'TSee Note, supra note 9, at 494.
'00

M. WESSEL, supra note 97, at 146.
1'0 See Neufeld & Colman, supra note 2, at 53.
" Lander, supra note 10, at 501.
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Thus, although these reports will undoubtedly be helpful in defining the
"state of the science" in DNA identification testing, they may yet be open to
criticism. An approach that may yield an equally helpful result without these
possible objections is the so-called "consensus conference," which seeks
broad scientific consensus on science without the distortions of an adversarial
setting. "' During the late 1970s, the National Institutes of Health (NIH) several
times convened this type of conference to address matters of medical science;
the NIH conferences were successful in issuing recommendations on the use of
amniocentesis, the necessity of performing radical mastectomies, and other
topics of concern." 2 More recently, the Arizona State University Center for the
Study of Law, Science, and Technology adapted this method to address aca-
demic legal consensus on copyright protection of computer software. 3 Other
organizations have employed variations on the "consensus building" method,
such as in the Colorado-based Keystone Foundation's conferences on aspects
of biotechnology."

4

Such a consensus conference on the topic of DNA identification testing
could be used to define the acceptable range of scientific opinion in this area
and serve as an impartial guide for courts. The report of such a conference
could avoid the criticism of selective bias by allowing a broad selection of par-
ticipants, both from commercial testing laboratories and from other institu-
tions. The results would, in fact, represent an extension of the "consensus re-
port" drafted by the experts in the Castro trial and submitted to the court.
Those experts noted that at the Castro consensus miniconference, the scientists
present were "able very quickly to resolve the issues," and that once the par-
ticipants "had a reasoned scientific discussion," that "it was comparatively
straightforward, in the absence of the lawyers.""'

2. The Legal Community

As much as the scientific community would like to, however, it is unlikely
that it will be able to address the legal issues of DNA testing "in the absence of
lawyers." As indicated above, the standards against which forensic DNA test-
ing must ultimately be measured are legal standards, necessitating the involve-
ment of the legal community. Such involvement is not only essential, but desir-
able. For example, because the adversarial setting of a trial engenders
adversary science, courts are particularly well situated to curb such practices.
It has been pointed out in conjunction with the "friend of the court" proposal
above that under the Federal Rules of Evidence, courts are empowered to ap-

"'M. WESSEL, supra note 97, at 147.
I121d. at 147-48; see also Wortman, Do Consensus Conferences Work?, 13 J. HEALTH POL.,

POL'Y & L. 469 (1988).
11

3See Conference Report, 30 JUIRMETR1CS J. 11 (1989).
'4See, e.g., Keystone National Biotechnology Forum, Interim Summary Report 1 (1989)

("This document is the product of an extensive consensus-building process . [.. [T]he discussions
which led to the report took place over a two year period ending in the summer of 1988.").

" 5See Lewin, supra note 8, at 1035.
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point their own experts. ' 6 Many states have similar rules provisions. Some
commentators have suggested that the use of such independently appointed ex-
perts could mitigate the expert witness bias, by fostering loyalty to the forum
and to the truth-seeking process, rather than to the adversarial party paying the
expert's fee."'

In addition, lawyer education will necessarily be an important factor in de-
fining the proper role of DNA testing in the courts. Much of the initial success
of DNA identification evidence may have resulted not simply from unquestion-
ing acceptance by the courts, but from paralysis of the defense bar. Many de-
fense attorneys were initially unsure how to respond to scientifically "certain"
evidence." 8 Effective challenges to such unfamiliar and intimidating evidence
were rare before the successful effort mounted by two defense attorneys in the
Castro case. Recently, however, public defenders from across the nation gath-
ered in Washington, D.C. for a comprehensive seminar on DNA identification
testing. Once armed with a knowledge of DNA testing techniques, they are
unlikely to allow substandard laboratory practices to go unquestioned. Similar
continuing legal education programs are needed for judges and for prosecutors.
Had the prosecutor in the McLeod incident known something about bandshift-
ing and monomorphic probes, his approach to the case might have been very
different.

3. DNA Profiling Firms

In the final analysis, however, it may be the commercial DNA testing labo-
ratories that are capable of best fostering the proper use of DNA testing in the
courts. Because the FBI's lab can handle only a small portion of the requests it
receives, employees of these firms necessarily will continue to provide their
forensic DNA analysis services, either directly or by assisting state crime labs,
so their employees will continue to testify in court concerning DNA tests they
have performed or serviced. The commercial labs are therefore clearly in the
best position to discourage adversary science in the court. In addition, no mat-
ter what standards may be promulgated, it is the commercial DNA testing labo-
ratories that must implement such standards in order for DNA testing to retain
its credibility in the legal system. The laboratories are also in an excellent posi-
tion to assist in the education of judges and attorneys, if they are willing to lay
aside their salesmanship for such a project. Overblown claims about the capa-
bilities of DNA testing are in large measure responsible for the unrealistic ex-
pectations of the courts concerning such tests, and so in turn contribute to the

" 6 See Letter from Bert Black, Venable, Baejter & Howard, 241 ScI. 1413 (1988).
"1 tJohnson, Court-Appointed Scientific Expert Witnesses: Unfettering Expertise, 2 HIGH

TECH. L.J. 249 (1987). Indeed, this commentator recommends new legislation to expand the
power of federal courts to appoint expert witnesses. Id.

"8 See, e.g., Weiss, DNA Takes the Stand, Sci. NEWS, July 29, 1989, at 74, 76 (quoting
Douglas P. Rutnick, Albany N.Y. public defender, "I've looked at it [DNA testing results], and I
couldn't understand it for beans. ").
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present controversy." 9 Paradoxical as it may sound, it is now in the business
interests of the commercial testing laboratories to qualify their claims, curb
their salesmanship, and ensure that the courts understand DNA testing is valu-
able, but not foolproof. 2 0 Indeed, the commercial laboratories may be in the
best position to convene a consensus conference on DNA testing. Were they to
do so through a neutral forum, under procedures that ensured fairness and
openness, the present outcry might be laid to rest.

CONCLUSION

Although DNA identification testing is by no means foolproof, it is far
from being utterly bankrupt as a legitimate forensic tool. The current contro-
versy surrounding DNA identification tests is yet another example of the diffi-
culty the courts have faced with matters of complex science. The problems that
arise in such situations stem from the nature of science, the nature of the courts,
and misunderstanding of each field by the practitioners of the other. However,
procedures have been suggested for mitigating such difficulties, and these pro-
cedures have seen some success in previous incidents of this nature. By apply-
ing to the problem of DNA testing the methods developed to address previous
problems at the interface of law and science, these tests may become a valuable
and properly qualified tool for use in resolving legal disputes.

"9For example, Cellmark entitled one of its informational brochures DNA Fingerprintingsm,

The Ultimate Identification Test.
'20

See M. WESSEL, supra note 97, at 78-84; see also M. WESSEL, THE RULE OF REASON 24-29
(2d ed. 1983).
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