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I. INTRODUCTION

The birth of genetics in the 1860s occurred in a solitary monastery by a
humble monk, Gregor Johann Mendel, who performed unprecedented ex-
periments with garden peas.' The rebirth of his work at the turn of the
century has slowly led to an intermingling of various physical, chemical,
and biological sciences. This process, in turn, is continually yielding an
understanding of how characteristics are inherited, combined, assorted,
and reassorted through generation after generation. The common thread
connecting these divergent, yet convergent, disciplines is the remarkable
double stranded helix, described by James D. Watson and Maurice H.F.
Crick and known as deoxyribonucleic acid ("DNA").2

The basic structure of DNA is a double helix bound by hydrogen bonds
and composed of four subunits called nucleotides or bases. These are ade-
nine (A), thymine (T), cytosine (C), and guanine (G).s It is the redun-
dancy of the A-T-C-G code which defines uniqueness. The human gen-
ome (diploid) consists of approximately 6.6 billion base pairs ("bp"),
sufficient to encode an estimated 50,000 to 100,000 proteins.

With the exception of identical twins, the DNA molecule in every per-
son, those who have lived and those living, is unique. As unique as life is,
this uniqueness has not always been easy to demonstrate. Only with the
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advent of recombinant DNA technology have the tools begun to appear to
address individual uniqueness at the most basic level. Genes that encode
the 50,000 to 100,000 proteins do not account for all the base pairs in
DNA. An estimated 6 billion bp4 have no coding function. Although re-
dundancy of sequences may occur among these noncoding sequences, they
represent the region of greatest variation among individuals. While there
are some differences among the same genes expressed in different individ-
uals and different populations, a billion years of evolution have produced
proteins with remarkable conservation of sequence at the protein level.
The degeneracy of the amino acid code allows less conservation at the
DNA level.6 Even if assessing only the number of differences and the
number of permutations that can occur in the 6 billion noncoding bp, the
possibilities are infinite.

With the use of restriction endonucleases ("enzymes"), variations in
DNA sequences can be determined by restriction fragment length
polymorphisms ("RFLPs"). Restriction enzymes recognize a specific 4-8
bp DNA sequence and cleave the DNA at those particular sites.s Differ-
ences in the distance between restriction enzyme recognition sites in dif-
ferent genomes are known as polymorphic sites. Probes identifying these
polymorphic sites have proven very useful to the scientist for a number of
applications.' RFLPs are inherited in a Mendelian pattern just as other
single gene characteristics. Just as each individual receives one copy of
each gene from each parent, one copy of each parent's RFLP is also re-
ceived by the offspring.8 Extension of the applications of RFLPs from the
laboratory to defining the uniqueness of an individual is the basis of
RFLP analysis in the forensic setting." Each person has a unique DNA

4. The sizes of different genes differ and the sizes of only a small number have been
determined. If one hypothesizes that the average functional gene is 1000 bp in length, then
I00,000 genes would require 108 bp. If the average functional gene is 5,000 bp in length, 5 X
108 bp would be required. Out of the total 6.6 X 109 bp, this reflects a small number.

5. Amino acids, the building blocks of proteins, are coded for by a series of three bases.
The bases and their order is a triplet, or codon. Different codons may code for the same
amino acid. For example, the code for glycine (an amino acid) can be GGC, GGA, or GGG.
These codons are said to be synonymous. The code itself is termed degenerate, which simply
refers to its redundancies.

6. T. MANIATIS, E. FRITSCH & J. SAMBROOK, MOLECULAR CLONING: A LABORATORY MANUAL

98-103 (1982).
7. See generally Lander, DNA Fingerprinting on Trial, 339 NATURE 501 (1989).
8. Wyman & White, A Highly Polymorphic Locus in Human DNA, 77 PROc. NAT'L

ACAD. Sci. USA 6754-58 (1980). R. WHITE, DETECTION OF HIGHLY POLYMORPHIC DNA SE-
QUENCES IN HUMAN DNA, proceedings, The International Symposium on Human Identifica-
tion 1989: Data Acquisition and Statistical Analysis for DNA Typing Laboratories, Madison,'
WI, 1-3 (1990).

9. See generally OFFICE OF TECHNOLOGY ASSESSMENT, 101st Cong., 2d Sess., GENETIC
WITNESS: FORENSIC USES OF DNA TESTS (July 1990) [hereinafter OTA].
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pattern which is the result of combining two different DNAs at concep-
tion. There are also possibilities of genetic change occurring after concep-
tion largely as a consequence of somatic mutations. Since each person
represents a unique DNA pattern, it should be possible to identify any
person involved in a crime in which a DNA sample is available. DNA
fingerprinting is the analysis of an individual's RFLP uniqueness. This is
a technique with the potential to identify criminals and exonerate inno-
cent suspects.

II. THE CONTROVERSY

Why has forensic science been plagued with controversy over the use of
RFLP analysis? Why is there not unquestionable accord over the use of
this well established, well understood technique to identify, without a
doubt, the criminals? 0

This author will discuss DNA fingerprinting as used in forensic analysis
and three areas of controversy associated with this new technology from a
scientific viewpoint." The issues to be discussed will be band shifting,
databases and statistics, and the significance of statistics. It is the pur-
pose of this discussion to make the reader aware of the subtleties of the
science far beyond the issue of match versus mismatch for DNA samples.

III. THE 'EVIDENCE AND THE TECHNIQUE

From the scientist's point of view, the major problem with comparing
DNA profiles in most instances is the lack of evidentiary material with
which to work. Any consideration of techniques to be used is limited by
the amount of material available from which to extract DNA for analysis.
A stain from 100 microliters (I1 ) of blood yields about 3 micrograms (Mg)
of DNA; a hair root may yield about 250 jg of DNA; and one million
sperm may yield about 3.3 Ag of DNA.12 Any evidentiary material is only
as informative as the amount of high molecular weight DNA that can be
extracted from it.

Typically, in the DNA fingerprinting technique, 1-5 jig of DNA are di-
gested, loaded into a well of gel, and separated by electrophoresis. This
DNA is transerred from the gel to a nylon menbrane and bound to the
membrant by either baking or exposure to ultraviolet light to crosslink
the DNA to the membrane. By doing this, the membrane can be used

10. See Moss, DNA-The New Fingerprints, A.B.A. J., May 1, 1988, at 69-70.
11. See generally Zumwalt, Application of Molecular Biology to Forensic Pathology, 20

HUM. PATHOL. 303, 303-07 (1989).
12. L. KIRBY, DNA FINGERPRINTING: AN INTRODUCTION 52-53 (1990).
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more than once."8 DNA on a membrane is hybridized with a single-
stranded radioactive piece of DNA referred to as a probe. The probe
searches the DNA bound on the filter for its complementary sequence
and binds to it. By removing the bound prove from the membrane, it can
be reprobed. However, the number of times a membrane can be reprobed
is dependent upon variables such 'as the amount of DNA transferred to
the filter and the conditions used to remove probes. There is a critical
mass of DNA required to hybridize to a proce so that it can be visualized
by autoradiography. Each time a probe is removed from a filter, a small
amount of DNA is also removed. It can be concluded, therefore, that the
more DNA which is loaded per well, the more times the filter can be
probed. The amount of DNA available from a crime scene may preclude
adding more DNA to a well or running more than one gel. George Church
reports using filters up to 50 times.' However, the scientist probably only
uses a filter 6-12 times on average.

The process of loading a gel with DNA and separating the DNA by size
using electrophoresis is an art form of the molecular biology laboratory.
The techniques of pipetting DNA into a tube, adding, several other ingre-
dients for digestion, loading it onto a gel, and turning on the current are
cookbook procedures. Very little training is required. Students do it rou-
tinely with very good results. The art to the technique is in knowing that:
(1) each sample contains the same amount of DNA; (2) the gel is the
exact percentage required; (3) the buffer is the proper ionic strength; (4)
the gel is not poured too cool; (5) the wells are formed properly because
the comb was not removed too soon; and, (6) the voltage is correct. This
"art" is developed after the experience of running hundreds of gels and
learning to pay close attention to the details of the art. The results are
gels that look uniform and run uniformly. Lanes run straight and the
amount of DNA in different lanes looks equivalent. Fragments visualized
after autoradiography aire horizontal, "not smiling" (bands curving
upwards), and the same fragments in different lanes have similar intensi-
ties. In essence, the skilled performance of the technique requires mastery
and dexterity. DNA analysis is certainly not a perfunctory task.

IV. BAND SHIFTING

With the introduction of DNA fingerprinting (also called DNA typ-
ing"8) into forensic science, much has been heard about band shifting.
Band shifting is the phenomenon when DNA fragments appear not to be

13. OTA, supra note 9,.at 43-47.
14. Church & Kieffer-Higgins, Multiplex DNA Sequencing, 240 SCIENCE 185 (1988).
15. Note, DNA Typing: A Rush to Judgment, 24 GA. L. REv. 669, 669 n.4 (1990).
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the same size on an autoradiograph but really are the same."6 Prosecutors
have confidently expounded the validity of band shifting while defense
attorneys have pleaded the innocence of their clients with the same confi-
dence. Judges and juries have suffered through endless testimonies of ex-
perts explaining band shifting, often using mind-boggling statistics to
prove that bands not appearing to be the same size on the autoradiograph
either are or are not the same.

One needs to visualize what band shifting means. The wells across the
top of the gel represent a horizontal line (Figure 1). Current is applied to
the gel through electrodes which are parallel to the top and bottom of the
gel. Through the liquid medium, known as the buffer, the current runs
vertically (180*) from the cathode to the anode. Since the wells are paral-
lel to the electrodes, the current runs vertically through the gel, and all
lanes should run 90* to the wells and to the top edge of the gel. If a probe
recognizes two sequences which are identical in length, they should have
migrated equally through the gel and reside precisely next to each other.

Many things have been reported to cause band shifting, including une-
qual amounts of DNA loaded into wells, degraded DNA, uneven thickness
of the gel, a percentage gradient within the gel, contaminants, and
ethidium bromide incorporated into the gel."1 Band shifting, however, has
rarely been a problem of serious concern for the scientist not involved in
forensic analysis. The reason for this is because scientists are, by their
very nature, creatures of skepticism. If two bands are supposed to be the
same size and appear to be even slightly different, a new gel is run, per-
haps changing a condition to accentuate any real size difference and ver-
ify this difference.18 Even if two bands are supposed to be the same and
appear to be the same, the scientist repeats the experiment with DNA
run on another gel just to make sure it is not an artifact and can be re-
peated. Several gels may be run to ensure what appears to be real is real.
With a limited, non-replenishable amount of DNA from an evidence sam-
ple, forensic analysis relies on only one gel.

Usually there is not enough evidentiary DNA to perform mixing experi-
ments'9 to differentiate between two samples which demonstrate the
same or different migration patterns through agarose. Many believe

16. OTA, supra note 9, at 183.
17. L. Kiaay, supra note 12, at 123.
18. To determine whether two closely migrating fragments are the same or different, the

percentage of the agarose in the gel may be decreased or the DNA may be electrophoresed
for a longer period of time. Also, DNA may be digested with a different enzyme to more
readily detect a difference. A mixing lane may be run in which there is a 50/50 mixture of
each of the DNAs in question. If fragments are the same size, the DNA will appear as a
single band. If the fragments differ in size, the result will be a very broad band, representing
two fragments next to each other; see also OTA, supra note 9, at 63.

19. See id. at 183.
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whenever sufficient DNA is available, mixing experiments should be per-
formed. 0 It has recently been shown, however, that the origin of the evi-
dentiary DNA may affect migration patterns of DNA from the same indi-
vidual.21 DNA from a dried stain may have a different migration pattern,
or apparent size, than DNA from fresh blood of the same individual.2

The solution to this would be to treat the fresh DNA in the same way as
the evidentiary DNA, or in other words, dry some blood and then isolate
the DNA from it. In science, control samples must always reflect the con-
ditions of the experimental samples. Differences can then be correctly at-
tributed to the variable being tested in the experimental samples. When
controls and experimental samples are not treated in the same manner or
under the same conditions, conclusions about the results become ambigu-
ous or meaningless. It is easy to explain different migration patterns of
samples known to represent the same DNAs. Without performing mixing
assays or treating DNAs similarly, current technique does not distinguish
between normal band shift caused by DNA degradation and apparent
band shift caused by the presence of two different alleles.

In order to correct for band shifting caused by any of the many reasons
listed previously, laboratories performing forensic analyses allow frag-
ments to be considered the same if the sizes lie within a certain percent-
age deviation. Laboratories establish this percentage independently and
may change it indiscreetly.22 An attempt has been made to use a standard
correction factor for dealing with band shift.2 4 Band shifting, however,
does not occur uniformly throughout the gel, and several correction fac-
tors may need to be employed to compare bands in adjacent lanes when
using probes identifying bands of differing sizes."

Correcting for an "apparent" difference is not good science. Good scien-
tists never "assume" results; they must prove them. Their peers require
this in the papers they publish in peer-reviewed journals and the same
thoroughness is required from a peer-review funding agency. While the

20. Id. at 63.
21. McNally, Baird, McElfresh, Eisenberg & Balazs, Increased Migration Rate Observed

In DNA From Evidentiary Material Precludes The Use of Sample Mixing to Resolve Fo-
rensic Cases of Identity, 1 APPLIED & THEORETICAL ELECTROPHESTS 271, 272 (1990).

22. Id. at 272.
23. Lander, supra note 7, at 502. Two fragments are considered identical if their values

differ by more than three standard deviations (at 184) and if their values are within two
percent of each other (at 187). Balazs, Baird, Clyne & Meade, Human Population Genetic
Studies of Five Hypervariable DNA Loci, 44 Am. J. HUM. GENET. 182, 182-90 (1989).

24. Norman, Maine Case Deals Blow to DNA Fingerprinting, 246 SCIENCE 1556, 1558
(1989); OTA, supra note 9, at 270; J. Nadeau affidavit for Oregon v. Futch, No. 88-1270, at
10-446, 10-450 to 10-452 (Cir. Ct., Clatsop County 1990) [hereinafter Nadeau Affidavit].

25. Id.
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approaches to correct for band shifting may prove to be valid, they should
be rigorously tested and accepted by the scientific community."'

Probes used in DNA fingerprinting represent regions of the genome
which are not. conserved and are variable within populations. Using the
D2S44 probe, a study of Alabama state's caucasian and black populations
(ni1054) resulted in 51 and 64 alleles having been recognized, respec-
tively.27 In other words, at least 64 different fragment lengths containing
the sequence hybridizing with the probe were found in the population
tested. In a study of caucasians in Utah, 67 RFLP alleles were identi-
fied.2 0 This does not imply that only three different alleles were identified
in the Utah population; it simply means three more. It has been esti-
mated that there may be as many as 249 D2S44 alleles.29 Other probes
may demonstrate similar variability. 0 Remember that it is this variability
which will define the 'uniqueness among two genomes. However, looking
at this issue closer, uniqueness is not just in the "size" of a restriction
fragment but also in its composition. Two fragments of the exact size but
differing in nucleotide sequence are not the same. Not only may agarose
gels not distinguish between small discrepancies in size,3' they reveal
nothing about the sequence between restriction enzyme recognition sites.

V. DATA BASES AND STATISTICS

To determine whether the bearer of a particular DNA fingerprint pro-
file is indeed the suspect requires determining the frequency of each al-
lele, demonstrated by each probe, in a population. As noted above, many
different size fragments or alleles may exist for any of the probes being
used in DNA analysis. Statistical analysis of sample populations is used
to determine these frequencies within a population. Information from
these smaller populations can be used to extrapolate information about
the entire population.

In 1908 an Englishman, G.H. Hardy, and a German, W. Weinberg, each
discovered a striking principle regarding the frequency of alleles within a

26. Nadeau Affidavit, supra note 24, at 10-447.
27. R. ACTON, COMPARISON OF VNTR ALLELE FREQUENCIES IN WHITE AND BLACK POPULA-

TIONS, proceedings, The International Symposium on Human Identification 1989: Data Ac-
quisition and Statistical Analysis for DNA Typing Laboratories, Madison, WI, 10 (1990).

28. Odelberg, Plaetke, Eldridge, Ballard, O'Connell, Nakamura, Leppert, Lalouel &
White, Characterization of Eight VNTR Loci by Agarose Gel Electrophoresis, 5 GENOMICS
915, 917, 920 (1989).

29. Id. at 922.
30. Id.
31. Depending upon the apparent size and distance migrated in a gel, two DNA frag-

ments differing in size by a few nucleotides or even several hundred nucleotides may appear
identical in size.
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population.2 The now well known Hardy-Weinberg equilibrium principle
states that in a population at equilibrium, allele frequencies remain con-
stant from generation to generation.3 s For this to occur, the population
must be a large interbreeding population in which mating is random
without selection for mortality or fertility, without fluctuations in the
population due to migration, and without fluctuations in gene frequencies
caused by mutations, natural selection, genetic drift, or migration.3 '
Therefore, there must not be any subgroups within the population. If the
frequencies determined within a sample population are not in Hardy-
Weinberg equilibrium, then those frequencies are not applicable to other
populations."

There is reason to question the use of small data bases for RFLP fre-
quencies. Does a data base established from individuals in one area of the
country, even if in Hardy-Weinberg equilibrium, reflect the data base of
another area? A witness for the prosecution in a pending case has said
that the Federal Bureau of Investigation (the "FBI")36 assumes their data
base is in equilibrium by assuming random mating of the population.8 '

Since the sequences being probed for are variable sequences and not se-
quences coding for particular products, the tacit assumption is made that
selection is inoperative. Simply stated, the claim is made that individuals
have no way' of "selecting" a particular variable sequence when they
mate, as they would hair color or eye color, and, therefore, the mixing of
these sequences is completely random.3 Mating does not appear to be
random among humans. Ethnic groups still tend to marry within their
own ethnic group, and within a given ethnic group there is further non-
random selection of mates. Individuals of low income tend to marry indi-
viduals of low income; individuals of upper economic status tend to marry
individuals of similar status. There is similar bias at educational levels.
For the most part, however, human population data does conform to the

32. P. VOLPE, UNDERSTANDING EVOLUTION 54, 59 (5th ed. 1984).
33. Id. at 59.
34. Id. at 61.
35. Id. at 59.
36. The FBI began DNA testing in 1988 in response to law enforcement official's desire

to have this procedure done in the public arena. See Thompson,'DNA's Troubled Debut, 8
CAL. LAW. 36, 44 (June 1988). Commercial companies involved with DNA testing include
Lifecodes Corporation of Valhalla, New York, Cellmark Diagnostics of Germantown, Mary-
land, and Cetus Corporation of Emeryville, California. Cetus Corporation uses a different
method of DNA testing utilizing polymerase chain reaction which has not been admitted
into court. See Thompson & Ford, DNA Typing: Acceptance and Weight of the New Ge-
netic Identification Tests, 75 VA. L. REV. 45, 50 (1989).

37. Deadman, deposition for State of Florida, No. 89-1576-CF-A-Y, at 48-49 (Aug. 30,
1990). Name of defendant withheld at request of William DeCarlis, attorney for defendant.

38. Id.
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assumption of random mating.8' In order for human population data to
demonstrate the operation of random mating, one very important as-
sumption is necessary and should be re-emphasized. The greater the
number of alleles being considered, the larger the population should be in
order to account for all of these alleles and reflect Hardy-Weinberg equi-
librium.'0 Even if data bases differentiate between black, caucasian, and
oriental populations, does the black population in one area of the country
reflect that in another? Evidence indicates that it does not.

A comparison of allele frequencies in Alabama state's black and cauca-
sian populations with allele frequencies from other regions of the country
'discloses several interesting points. The Alabama caucasian population
differed from a data base established by the FBI using caucasians from
throughout the United States.41 More interestingly is that when allele fre-
quencies of the Alabama state's black population were compared to two
other studies of black populations, one from Texas and the other from
South*Carolina, significant differences were noted. These comparisons
showed differences in allele frequencies as well as alleles present.'2 In an
example cited using one data base to assess the likelihood of an alleged
father being the biological father of a child, a paternity index of 20 to 1
was calculated.' 3 Using the other data base, the calculated paternity in-
dex was 100 to 1. 4 The inference from this is that if populations in the
same region of the country are not the same, how can an individual from
anywhere be compared with a data base established in a different region
of the country? Of course the obvious conclusion that may be validly
drawn from these results is that the Hardy-Weinberg equilibrium princi-
ple, or the statistical considerations currently employed to determine
whether a population is in Hardy-Weinberg equilibrium, is not applicable
to RFLP frequency analysis. In fact, the set of underlying assumptions in
the Hardy-Weinberg principle, such as absence of selection or absence of
recurring mutations, are scarcely ever fulfilled in a natural population.

VI. THE SIGNIFICANCE OF STATISTICS

Data from forensic analyses is reported in terms of probabilities. There
have been difficulties, however, in determining probabilities, hence weak-

39. M. LEVITAN, TEXTBOOK OF HUMAN GENETICS 423 (2d ed. 1977).
40. Id. at 427.
41. R. ACTON, supra note 27, at 9.
42. Id. at 9, 10.
43. Id. at 11.
44. Id.
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ening the very credibility probabilities should imbue.45 In State v. Cald-
well,4 Lifecodes Corporation originally reported that the probability of
an" unrelated individual having the same DNA profile matching that of
Mr. Caldwell was 1 in 11,700,000.47 An expert witness for the state
changed this to 1 in 200,000." Finally, an expert witness for the defense
arrived at a probability no higher than 1 in 32.9 In which number is an
individual to feel confident?

It is true that DNA fingerprinting is an extremely powerful tool. This
technique does have the potential to'identify criminals and exonerate in-
nocent suspects. A problem associated with current protocols is the use of
only a few DNA probes for analysis. Generally, four or less probes are-
used.'0 Probes used in the United States are usually monomorphic probes
that recognize a single locus on the DNA and frequently produce only two
bands on an autoradiograph. 1 If an analysis is done using four probes,
each producing two bands in the suspect and victim (assuming these to
be different alleles), only sixteen different bands can be generated by the
probes. If we assume, for simplicity, that these are alleles, each averaging
2000 bp in length, then out of the entire genome (6.6 X 109 bp), these
alleles represent less than 0.0005% of the DNA. If there were some way
to compare more of the other 99.9995% of the genome, confidence in the
results of DNA analysis would be greater. Using an analogy, two houses
which appear to be identical from the front are not necessarily exact rep-
licas of each other. The more you compare different aspects of the two
houses-the floor plan, the color schemes, the quality of materials, the
fixtures, etc.-the more confident you would become that the houses
could be exact replicas. At what point, however, is there absolute
certainty?

Using a polymorphic probe which recognizes multiple sites in the gen-
ome would increase confidence in data generated. These probes recognize
tandemly repeated sequences which are highly variable (polymorphic) be-

45. Cohen, DNA Fingerprinting For Forensic Identification: Potential Effects on Data
Interpretation of Subpopulation Heterogeneity and Bank Number Variability, 46 AM. J.
HUM. GENETIcs 358, 358-68 (1990).

46. State v. Caldwell, No. 88-9-2938 (Sup. Ct., Cobb County, Ga.).
47. Interview with Bruce Harvey, criminal defense attorney for James Caldwell, in At-

lanta, Georgia (1990) [hereinafter Harvey Interview].

48. Id.
49. Id.
50. The FBI uses four probes (DIS7, D2S44, D4S139, D17S79). Deadman, supra note 37,

at 67. Lifecodes Corporation used three probes in State v. Caldwell (D2S44, D14S13,
D17S79) for comparison of DNAs. They also used a probe to detect bacterial contamination
and another probe known as "an experimental probe." Harvey Interview, supra note 47.

51. L. KIRBY, supra note 12, at 139.
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tween individuals.5 2 Monomorphic and polymorphic probes are used in
the United Kingdom. 3 However, monomorphic probes are used in the
United States because probability calculations can be based on allele fre-
quencies within populations." While polymorphic probes do have the po-
tential to generate more bands and hence more information for compari-
son, using more monomorphic probes would also generate more bands for
comparison. Remember, however, that often the amount of DNA is lim-
ited and nylon membranes have a finite lifespan for rehybridizing with
probes.

The more information available to use for comparisons, the greater the
confidence that the comparison actually reflects the truth. DNA analysis
does not compare entire genomes. Probabilities, therefore, are used to ex-
trapolate the results to the population. The public has a mistaken idea of
the role of statistics in forensic analysis. Frequently told that each indi-
vidual has a unique DNA fingerprint, they logically equate the
probability of another person having the same DNA fingerprint profile
with surety. If the DNA profile from the evidentiary material matches
that of the suspect, the public interprets this to mean "the suspect com-
mitted the crime." The statistical probability associated with such a
match is then translated into "the suspect really committed the crime" or
"the suspect really, really committed the crime." Probabilities never im-
ply nor infer absoluteness. A probability never means the suspect com-
mitted the crime. A probability only indicates that the suspect could have
committed the crime; it also indicates that someone else could have com-
mitted the crime. Autoradiographs cannot resolve that bands of similar
migration patterns are the same-only that they are "very similar."55

The use of DNA fingerprinting in forensic analysis must leave little
room for doubt about its interpretation, including interpretation of statis-
tical analysis.51 Laboratory error producing false matches between sam-
ples is also a source of error which should not be overlooked in statistical
analysis.57 In lieu of the current problems associated with DNA finger-
printing, interpretation should be extremely conservative. While very
powerful in theory, DNA fingerprinting as it is now used in forensics does
not discriminate between the uniqueness of all individuals.

52. See generally Jeffreys, Wilson & Thein, Hypervariable 'Mini-satellite' Regions in
Human DNA, 314 NATURE 67, 67-73 (1985); Jeffreys, Wilson & Thein, Individual-specific
'Fingerprints' of Human DNA, 316 NATURE 76, 76-79 (1985).

53. OTA, supra note 9, at 24.
54. L. KIRBY, supra note 12, at 139.
55. Sarkar, DNA Fingerprinting, 247 SCIENCE 1018 (1990).
56. Cohen, supra note 45, at 367.
57. Hagerman, DNA Typing in the Forensic Arena, 47 AM. J. HUM. GErics 876, 876-

77 (1990).
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VII. CONCLUSION

DNA fingerprinting represents a significant technological advancement
for the field of forensic science. Any such technology, however, often
brings with it-initial problems of technique and interpretation. In science
these problems become defined and eliminated with time and experience.
The problems of band shifting, data bases, and statistics will also be re-
solved by responsible application of the science involved. Currently, DNA
fingerprinting is still in its infancy. The technique is not foolproof. 8 As
with any new scientific technique, a conservative approach to its use and
interpretation of results is more prudent. This is especially true for legal
issues. The techniques involved in DNA fingerprinting and DNA diagnos-
tics are the same. However, "DNA fingerprinting is far more demanding
...and the scientific community has not yet agreed on standards that
ensure the reliability of the evidence."' "[Tihe ultimate goal of the crim-
inal justice system [is] to exonerate the innocent and identify the
guilty."" Toward this end, DNA fingerprinting can exonerate the inno-
cent. Identifying the guilty is not as easy if DNA fingerprinting is the
only evidence available.

58. Jeffreys, Highly Variable Minisatellites and DNA Fingerprint, 15 BIOCHEMICAL
Soc'y TRANSACTIONS 309, 314 (1987).

59. Lander, supra note 7, at 501.
60. Comment, DNA Fingerprinting and Its Impact upon Criminal Law, 41 MERCER L.

REV. 1453, 1468 (1990).
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Legend for Figure 1. Diagram of agarose gel. Top view shows a horizontal
view of the gel with the position of the electrodes, the wells, and the di-
rection of DNA migration. The lower diagram shows a three dimensional
view of the gel in the electrophoresis chamber (also referred to as a gel
box).
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