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ABSTRACT: This paper considers the interpretation of serological typing data as a problem
in forensic science. as opposed to a problem in population genetics or statistics. Controversies
arising in this area are partly due to an overly narrow perspective that ignores basic forensic
science principles. After an initial discussion of the special problem that deoxyribonucleic
acid (DNA) blood typing poses to forensic science. the three difficulties common to all the
proposed interpretive methods are discussed. These are: predicting genotype incidence from
allele frequencies, predicting frequencies for the jomt occurrence of genotypes in a number
of different genetic marker systems. and determining the appropriate population to use to
measure the frequencies. The inability to test assumptions that are inherent in our routine
methods is noted. This is a procedural weakness that unnecessarily limits the admissibility
of DNA typing evidence in court. A practical solution to this problem is offered that begins
with minimal assumptions. Initially a statement is made based on (1) how many reference
samples the laboratory has typed and (2) how many of these samples show genotypes cor-
responding to the case samples.

The second stage of the presentation begins with a statement that additional assumptions
are necessary to fully interpret the evidence and that although these assumptions are scien-
tifically very reasonable, they cannot be absolutely proven. The presentation can then pro-
ceed, if desired, to consideration of the specific assumptions and frequency estimates of any
of the methods that have been proposed to date.

To follow this approach population data must be kept in a form that allows the simple
first-stage statement to be made. This means that cach individual's record would include
typing results in each genetic marker system. Although this method of data storage differs
from that used in most forensic science laboratories. it is exceptionally versatile, and allows
great flexibility in data analysis.
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Procedures for interpreting highly individual serological typing results are currently
highly controversial. This controversy has arisen after hasty adoption of methods from
other disciplines, specifically from statistics and population genetics. This paper takes a
step backward from the controversies that have developed and considers the basic forensic
science behind the problem.
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There are three difficulties common to all proposed methods for interpretation of
highly individual genetic typing results. These difficulties are caused by:

—predicting genotype incidence from population-derived allele frequencies (usually
involving an assumption of Hardy-Weinberg equilibrium);

— predicting frequencies for the joint occurrence of genotypes in a number of different
genetic marker systems (usually involving an assumption of independence among
the systems); and

—determining the appropriate population to use to measure the frequencies.

These three problems have been with us all along in forensic serology, but they have
received exceptional attention with the advent of highly specific deoxyribonucleic acid
(DNA) typing methods. The first two issues have become critical because of the inability
to justify our traditional assumptions. With conventional forensic serology we were able
to test assumptions of Hardy-Weinberg equilibrium and to fest assumptions of independ-
ence among bloodgroup systems. These tests could be conducted by routine statistical
methods on databases of reasonable size because of the relatively few genotypic com-
binations in these systems. With highly polymorphic DNA typing, and increasingly specific
results, we can no longer directly test these assumptions. The approach offered in this
paper begins by recognizing this limitation and presenting results without incorporating
these assumptions.

A two-stage presentation of results is suggested. At the first stage a relatively simple
statement is made based on (1) how many reference samples the laboratory has typed
and (2) how many of these samples show genotypes corresponding to the case samples.
The second stage of the presentation begins with a statement that,

There is no definitive method for calculation of frequencies for highly individual genetic
typing results. Although a number of scientifically reasonable methods have been proposed,
each of these involves additional assumptions. These assumptions. although straightforward
and reasonable, cannot be proven.

The presentation can then proceed, if desired, to consideration of the specific assumptions
and frequency estimates of any of the methods that have been proposed to date.

To follow this approach population data must be kept in a form that allows the simple
first-stage statement to be made: we must be able to determine how many persons in
our population database match the genetic typing results found in the case. This means
that each individual’s record would include typing results in each genetic marker system.
This method of data storage differs from that used in most forensic science laboratories,
but it is exceptionally versatile, allows a variety of additional statistical treatments, and
avoids implicit assumptions. It can also be easily adapted to give flexibility in defining
relevant subpopulations.

The third issue noted above, determining the appropriate population to use, has re-
ceived attention largely due to added scrutiny from attorneys and population geneticists.
There are basic, inherent difficulties in defining relevant populations for forensic science
applications. Neither the approach offered here, nor any other, can avoid these diffi-
culties. Perhaps we will be able to reach a consensus on the best options, but whether
or not that comes to pass, we need to understand the limitations that are inherent in our
work. In this paper the limitations will be discussed and the advantages of flexible
construction of databases will be emphasized.

It is stressed that commentary on the various options for statistical calculations is being
explicitly avoided. Instead we consider the issues common to all highly individual genetic
marker systems, or combinations of systems. Depending on the particular DNA typing
methodology. interpretive procedures enjoy different levels of controversy. For poly-
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merase chain reaction (PCR) typing of coding regions of DNA, for example, there are
established databases on which assumptions have been tested to the satisfaction of many.
There is much more debate concerning the interpretation where typing procedures cannot
differentiate discrete alleles and questions of binned alleles versus pattern matching arise.
We do not differentiate among these fundamentally different aspects of the present DNA
typing problem because we propose a more basic solution to the initial interpretation
problem based on simple empirical observation. The value of this approach and the
general issues discussed here will be important whenever the lack of clear consensus on
the methodology of statistical calculations threatens to prevent explicitly valuable evi-
dence from being introduced into court.

Overall Perspective: The Subjectivity of Absolute Identity

We casually use the term “‘fingerprinting” to describe the individualization process to
lay persons. Inherent in the term fingerprinting is the concept of individualization—
absolute specificity and absolute identification. We aspire to this and it is our ideal in
one sense: it is the result that we would like our testing to have. Fingerprinting is a
convenient term and helps the lay person understand. But it is ironic and deceptive that
we use this term when describing forensic DNA profiling, because of the fundamentally
different process of evidentiary evaluation. We have recognized this to some extent, and
have tried to substitute the term "DNA profiling™ for most applications.

In this section a comparison is made between how fingerprint experts reach conclusions
of absolute identity and how we are attempting to reach these same conclusions through
genetic marker typing. Through this comparison the special nature of our discipline
emerges and the need for a fresh perspective on our interpretive methods becomes clear.
The reader who responds, “But fingerprint identification is completely different—we
only use the term to make an analogy,” is correct to some degree, but naive as well.
The analogy is with the underlying purpose of the examination and this commonality of
purpose transcends the more superficial descriptive role.

In fingerprint comparisons examiners note the details in the patterns of ridges. Begin-
ning with a reference point in one pattern, a corresponding point in a second pattern is
sought. From this initial point the examiner then seeks neighboring details that correspond
in their form, position, and orientation. These features have an extreme variability that
is readily appreciated intuitively and which becomes objectively obvious upon detailed
study. With the sequential documentation of more and more corresponding features
between two patterns, scientist and lay person alike become subjectively certain that the
patterns could not possibly be duplicated by chance.

What has happened here is analogous to a leap of faith. It is a jump, or extrapolation,
based on the observation of highly variable traits among a few characteristics, and then
considering the case of many characteristics. Duplication is inconceivable to the rational
mind and we conclude that there is absolute identity. This leap, or extrapolation, occurs
(in fingerprinting) without any statistical foundation, even for the initial process where
the first few ridge details are compared. Although founded on scientific observations,
the process of comparison and the conclusion of absolute identity is explicitly a subjective
process. The conclusions are accepted and supported as subjective—very convincing,
undoubtedly valid, but subjective.

In contrast, with genetic marker typing we view our increasing evidential value as a
stepwise process. We detect a series of traits, each one of which is. to some degree, rare.
Next we estimate the chance of each trait occurring randomly in a population. To proceed
we need to combine these rare events and derive an estimate for the frequency of their
joint occurrence. Historically we have done this using simple statistical methods and
applying basic principles of genetics. With the advent of DNA typing methods, however,
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the frequencies of occurrence that we are estimating have become much much rarer. If
we extrapolate the laws of population genetics and assume that they apply to our rare
events, we do get very low probabilities. Unfortunately, with increasingly rare alleles
and genotypes we are finding that we can’t substantiate the validity of these laws using
the sciences from which the laws were derived. This is at the root of the controversy
between population geneticists and forensic serologists.

To understand this conflict we need to recognize that with the goal of individualization
through forensic serology we are doing something new, something that will require special
attention and development. Are we really trying to prove uniqueness using statistics and
population genetics? The contrast with fingerprint comparisons is important. We hold
fingerprint specificity and individuality up as our ideal, yet this is achieved only through
a subjective process. In fingerprint work we become subjectively convinced of identity;
we do not prove it. And this works just fine. For fingerprints.

Whether or not we reject the more subjective leap to identity, we must realize that to
reach absolute identity, or its probabilistic equivalent, through an objective process is
not possible. Probabilities are objective when they can be tested and reproduced. Prob-
ability estimates of one in a hundred billion (people) are not objective. They have no
objective meaning. They mean that we are looking at something very very rare, maybe
something we’ve never seen before, but we are not in an objective, real world when we
speak of this probability. Substitution of pseudo-objective calculations, as noted by Kings-
ton [I], encumbers, rather than aids, the legal process.

More specifically, the disciplines of population genetics and statistics will not lead us
through an objective process to absolute identification. They cannot do this because as
we approach very rare frequencies of events, or very rare alleles and genotypes, the
strength of these disciplines wanes and their objectivity, so well-developed for populations
and multiple events, gives way to subjectivity. The focus changes from general laws acting
on populations or multiple events to one on specific events and the question of individual
identity. We have something of a “Heisenberg’s uncertainty principle” {2] here. The
smaller and smaller the frequency we observe in statistics, the larger and larger the
population we need in order to estimate it. To test correlations among various genotypes
we need larger populations still. And when we have an issue that necessarily involves a
local population, usually of uncertain, heterogeneous composition, we cannot test or
reliably predict frequencies of these rare events and the interrelationship among these
rare events. Eventually, we are faced with a choice between pseudo-objective calculations,
made by extrapolating well beyond the provable, or accepting the reality of subjective
certainty.

The lesson from fingerprint identification is that even without theoretical models and
statistics we can, and do, make absolute identifications. We can apply expert, informed,
scientific judgment and make the subjective determination of identity.

With DNA typing we are much better off than with fingerprints. We have disciplines
that give us a tremendous start. Laws of genetics provide a foundation from which we
can make reasonable inferences and critical judgments. Furthermore. we have tests that
are separate and we have every good reason to believe that the results are statistically
independent. But because we are better off we fear the subjective. and necessary, leap
to individualization. We must either accept this leap or abandon the attempt to indivi-
dualize blood. For DNA typing this will mean that our provable probabilities will be
much, much more common than either our good science or common sense would allow.

As a practical matter the information content attainable through DNA typing methods
is more than sufficient to establish absolute identity and even with excessively conservative
statistics the variation will be sufficient for this purpose. Further statistical methods are
also likely to be developed that eventually will be deemed acceptable by consensus
standards. Although our difficulties will be eventually alleviated, the inability to achieve
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absolute identity through objective methods will remain. As with the fingerprint exam-
iners, we will have adopted a convention that we will accept as proof of identity.

Generation of Genotype Frequencies from Allele Frequencies

Historical Practice

The typical procedure for estimating the genotype frequency in forensic serology is to
use allele frequencies, derived from population surveys, to predict genotype frequencies.
Genotypes are the joint occurrence of a specific pair of alleles.

Beginning with the population survey, individuals are typed in a particular genetic
marker system. Taking the phosphoglucomutase (PGM) system in a Caucasian population
as an example, the survey by Grunbaum et al. [3] had the results

Type 1-1: 626
Type 1-2: 393
Type 2-2: 48
Rare types: 2
Total of 1069 individuals

Omitting the two rare types found, leaves 1067 individuals divided among the three
common genotypes. Allele frequencies p, and p, are next predicted from this genotype
data, using the maximum likelihood estimator formulae:

pr= (2x + y)2Nandp, = 1 — p,

where x represents the number of Type 1 homozygotes and y represents the number of
Type 1-2 heterozygotes. This results in PGM allele frequencies for Allele 1 and Allele
2 of 0.771 and 0.229, respectively.

Next the hypothesis of independence of the two alleles within the population is tested.
That is, can we predict the genotype frequencies from the allele frequencies? This is also
a test of the hypothesis of Hardy-Weinberg equilibrium. If the alleles are independent,
then the frequencies for the three common genotypes will be well approximated by

1-1 = (p,)* = 0.594
12 = 2p,p, = 0.353
22 = (p,)* = 0.052

Performing a chi-square test on these data results in accepting (failing to reject) the
hypothesis of independence (see Table 1). Since the allele frequencies can predict the

TABLE 1—Observed incidence of PGM genotypes in a population of 1067 individuals and their
predicted incidence based on a hypothesis of independence.”

Observed Predicted Chi Square
Genotype Incidence Incidence Value
11 626 634.27 0.108
1-2 393 376.78 0.698
2-2 48 55.95 1.130
combined chi-square 1.936¢

“The probability of obtaining the observed combined chi-square value under the hypothesis is
approximately 0.16.
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observed genotype incidence, they are then used for predictions of the random occurrence
of the genotypes.

The Problem Posed by DNA Typing Methods

Compared with the conventional antigen and enzyme methods, DNA typing methods
have much more polymorphism: there are many more alleles found in the population.
We can still take a survey of individuals and determine allele frequencies, but it is much
more difficult to test the hypothesis of random independence: there are many, many
genotypic combinations. Many of these might not even be seen in a reasonably sized
population. If we exclude rare alleles, as done in our example above, we exclude most
or all of the survey. Our habits have induced us to take a parallel approach, however,
and most laboratories keep only allele frequency data. An assumption of independence
is then made to predict the genotype frequency. This practice is controversial because
the assumption is not testable by conventional methods. New methods to test the as-
sumption of independence are now being proposed [4,5] as are sophisticated methods
that avoid the assumption of independence altogether [6]. Nothing that is said here is in
conflict with these efforts and no doubt an accepted method to test this assumption will
be developed, but our purpose here is to take a step backward, look at the forensic
science problem, and gain perspective.

First, note the circular nature of our procedure. We survey genotypes, use the genotype
frequencies to derive allele frequencies, and then use the allele frequencies to predict
genotype frequencies. After this we feel lost because we cannot test the assumptions that
allow the latter prediction.

The forensic science problem occurs case by case and is the estimation of the frequency
for a specific genorype. We are getting distracted by the incomplete link between allele
frequencies and genotype frequencies. We already had a measure of the genotype fre-
quency, at least to a limited extent, when we surveyed genotypes. What is the need to
use or test for Hardy-Weinberg equilibrium? The forensic science problem does not need
this, and whereas it may be of some additional utility, it does introduce additional
assumptions—assumptions that (at present) cannot be satisfactorily tested. It would be
far better to avoid this dependence. To do so we need genotype frequencies, or at least
a measure of genotype incidence in the population of interest. Before exploring some
options, we will examine the problem of independence among genotypes in different
marker systems.

Independence Among Genotypes in Different Marker Systems

Historical Practice

When using an assortment of different marker systems, independence is typically as-
sumed and the individual frequency estimates for each system are multiplied together.
This second independence assumption can be justified either directly using statistical
tests, or theoretically based on proofs that the genetic loci responsible for the markers
are not linked. This proof can be made either by mapping the genes to different chro-
mosomes or through observations on pedigrees.

The Problem Posed by DNA Typing Methods

Direct statistical justification of the assumption of independence is not feasible when
the number of genotypes becomes very large. Theoretical justification based on unlinked
genetic loci remains, however, and has been seen as acceptable when homogeneous
populations are being considered.
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The major objection that has arisen is not attributable to the increased polymorphism
of the DNA typing methods, but rather to the increased scrutiny placed on forensic
science practices. This scrutiny has come, in turn, from the radically increased evidential
value that has resulted from DNA typing methods. The objection is that for heterogeneous
populations, made up of two or more ethnic groups, there will be an observable non-
independence among the genetic markers. The objection is simply illustrated. Again
using data from Grunbaum et al. [3], we begin with the observations of genotype incidence
for esterase D (EsD) and haptoglobin (Hp) among Asian and black populations. These
data appear in Table 2. Paired data, giving results for both Hp and EsD on each individual,
were not presented and are not typically available in forensic science databases. What
we will do here is compute genotype frequencies based on the above sampling and assume
that within each racial group the two marker systems are independent. We can then
calculate the expected frequencies of each of the nine Hp/EsD genotype combinations
for the two racial groups. This calculation gives the expected frequencies shown in Table
3, assuming a population of 1000 for each race.

Taking a mixed population of 500 individuals from each racial group, we would have
observed frequencies in each of the nine cells that are the average of the two values
above. The values may then be tested for independence between EsD type and Hp type.
For this population observed, expected and chi-square values are given in Table 4.

For this mixed population the overall non-independence of the two marker systems is
easily demonstrated. This is the basis for criticism of routinely assuming independence
among genetic marker systems. Responses to this criticism have taken several forms. A
reasonable argument can be made that the overall discrimination of the methods is
unaffected by even extremely heterogeneous populations. The work of Evett and Gill
[7] is relevant to this point, even though it specifically examines the independence of
allele frequencies. In their experiments artificially mixed populations were generated
from populations with grossly different allele frequencies. They found little overall dif-
ference in the probability of duplication of a DNA type. When several typing systems
are used, the non-independence in one system often corrects for non-independence in

TABLE 2—Genotype frequencies of haptoglobin and esterase D in two populations [3].

Blacks Asians

Hp EsD Hp EsD
(n = 460) (n = 770) (n = 1104) (n = 1428)

Type Frequency Type Frequency Type Frequency Type Frequency

1-1 135 1-1 626 1-1 148 1-1 561
1-2 236 1-2 140 1-2 444 1-2 674
2-2 89 2-2 4 22 512 2-2 193

TABLE 3— Expected frequencies of haptoglobin and. esterase D genotypes in populations of 1000
individuals under an assumption of independence.

Blacks Asians
Hp EsD EsD
Type 1-1 2-1 2-2 1-1 1-2 2-2
1-1 238.6 53.4 1.5 52.7 63.3 18.1
1-2 417.1 93.3 2.7 158.0 189.8 54.4
2-2 157.3 35.2 1.0 182.2 218.9 62.
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TABLE 4— Population-related nonindependence of Hp and EsD tvpes, observed, expected, and
chi-square values are given for each cell.”

EsD Type
Hp
Type 1-1 2-1 2-2
1-1 Observed 145.7 58.4 9.8
Experiment 128.9 69.9 15.0
Chi square 2.17 1.91 1.81
1-2 Observed 287.6 141.6 28.6
Experiment 2759 149.6 32.1
Chi square 0.49 0.44 0.40
2-2 Observed 169.8 127.0 31.8
Experiment 198.2 107.4 23.1
Chi square 4.07 3.57 3.34

“The population is a mixed one of 500 blacks and 500 Asians using frequencies from Grunbaum
et al. [3] and assuming independence of Hp and EsD type within each racial group. The probability
of observing the combined chi-square value under the hypothesis of independence is approximately
0.001.

*Sum of chi-square values = 18.2; the P value for 4 degrees of freedom = 0.001.

another, and in any case the magnitudes of errors are seen to be of little significance in
the context of the forensic science question. That is, a discriminating power of 1 in 10
billion is for all practical purposes the same as a discriminating power of one in 14 billion.
Other responses to the criticism of population based non-independence are more appro-
priately discussed after looking at our third major topic: population issues.

Population Issues

A critical initial question that precedes all frequency estimation is the selection of the
appropriate population for the given problem. Designating appropriate populations for
forensic science problems is tricky [8]. There are basic, inherent difficulties in defining
relevant populations for forensic science applications. Although there is no way to avoid
these difficulties, we do need to understand them fully so that limitations which are
inherent to our work are not attributed to faulty method or logic.

In forensic science we address the issue of identity by comparing two hypotheses: the
hypothesis that a specific accused individual (suspect) committed a crime and the hy-
pothesis that some other person committed the crime. The latter hypothesis requires
assessment of the probability of the evidence occurring when a person is selected randomly
from (whatever the) relevant population.

The relevant population is difficult to define. We wish to predict the frequencies of
traits as they occur in randomly selected individuals—a field of individuals who are
possible suspects. There will be some geographical region of relevance defined loosely
by those who could have traveled to the crime scene to commit the crime. Insofar as
there are geographical variations in genotype frequencies. sampling from a local popu-
lation is desired. Furthermore, if the suspect was selected in part on the basis of a physical
description. the population should be restricted to those fitting this description. Such
a description might or might not be definite enough for superficial ethnic or racial
classification.

Population databases of various types are available to forensic science laboratories,
but none of these can be considered (strictly) random. We don’t even know how to
define the selection process or the geographical boundaries of the population. Practical
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considerations limit forensic bloodtyping populations to those listed in Table 5. Case
circumstances (or the question asked by the court) dictate which of these populations is
most appropriate to use. Usually one wishes to best represent a person selected at random
from a local population. Occasionally one wishes to restrict the question to a specific
racial or ethnic group. This is done nor simply because the accused is of this group, but
only when there is independent evidence that the person who committed the crime is of
a particular racial or ethnic group. This can occur in several ways:

—A witness or victim may give a description of the offender.

—The geographical circumstances may essentially restrict possible offenders to one
group (for example, an offense on an island or an Indian reservation).

—Other physical evidence may indicate racial or ethnic group (for example, hairs or
a particularly diagnostic genetic marker).

The ancillary evidence that restricts the racial or ethnic group of the offender needs
to be examined critically. In the case of a description by a witness, the evidence is
subjective and based on physical appearance. Ideally we would use a database of indi-
viduals who were selected using this same, subjective criteria. A database from an an-
thropological study of strictly defined racial groups would be less appropriate. It should
be clear that although approximations and good judgments in data selection can be made
on a case-by-case basis, there is no generalized best method. The reality of available data
and our inability to precisely define the desired data make a strictly relevant population
database unattainable.

In practice we can address this problem in several ways. The simplest is to select genetic
marker systems where genotype frequencies are insensitive to the population variations.
We can eliminate concern over geographical and racial variations if the traits that we
measure show the same frequencies in these different populations. This is a good ap-
proach, but once again the highly polymorphic DNA typing systems limit our ability to
fully test the hypothesis. Individual genotype frequencies are so low that variations
between populations cannot be easily tested, given realistic population sizes.

A second approach to the problem, proposed by Buckelton and Walsh [9], is that of
population stratification. This approach involves proving or assuming independence within
each of various homogeneous population groups. This can be justified using the basic
principles of genetics and demonstrating through family studies that loci controlling the
various genetic markers are not genetically linked. One’s local population is then con-
sidered, and using census data the proportion of each of the homogeneous population
groups within the overall population is determined. To get the overall estimate for
frequencies in the heterogeneous population, frequencies in each homogeneous group
are weighted by their proportion of the total population. Obviously the success of this

TABLE 5— Types of population databases available to forensic science laboratories.

From IN-HOUSE TESTING

Casework samples (liquid blood from victims, suspects and paternity cases)
Staff samples

Post mortem samples (autopsies)

Samples from clinical laboratories

Samples from research projects (for example. twin studies)

FrOM OTHER SOURCES

Data from other forensic science laboratories
Literature data
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method is dependent on identifying subsets of one’s population that correspond to ho-
mogeneous populations. Some populations will be mixed together and will defy even
approximate ethnic classification. In our frustration with this issue we must remember
that the difficulty lies with the problem as posed, rather than with our logic or meth-
odology.

Requirements for a Comprehensive Database

To allow flexible choice of interpretive methods and to ensure no data loss, a database
must meet the criteria listed below. Key elements of a database that allows this flexibility
are summarized in Table 6.

1. Genotype frequencies must be available directly, rather than only as derived from
allele frequencies. This is necessary to eliminate the routine need for the assumptions
inherent in this derivation.

2. Typing results for each individual must be retrievable for the full set of blood group
systems tested. This is necessary to eliminate the routine need for assumptions of in-
dependence among the blood group systems and for the testing of any correlations in
complex populations.

3. The method used and test conditions must be retrievable for each system. This is
necessary to accommodate changes in methodology and to allow tests of whether these
changes affect the distribution of the data.

4. The source of each individual sample must be retrievable. This is necessary to keep
track of geographical origin and for flexibility in selecting subsets of the data that may
be appropriate for particular cases.

5. Any data available on the ethnic or racial classification of the sample, or on the
appearance of the person, should be retrievable. This is necessary in order to keep track
of subpopulations and to test for the effects of population stratification. Alternatively it
needs to be known if the sample was meant to be “'random.” or was selected without
reference to appearance or race.

6. A unique identifier of each individual is necessary in order to avoid duplicate entries
into the database.

TABLE 6—Key elements of records for a comprehensive database of typing
results in forensic serology.

Sample Description Fields
1A—Unique identifier for the individual
1B—Racial or ethnic indicator
1C—Physical appearance indicator
1D—Source of sample (type of survey, geographical origin)
1E—Case number or other cross-referencing information

Serological Typing Result Fields
System 1
2A —Typing result for Sample 1A in blood group System 1
2B—Method used for typing in System 1 (date. procedure keys)
2C—Special information relevant to System 1 (for example, gel identifier and lane number
on a gel-based system)
System 2
2D —Typing result for Sample 1A in blood group System 2
2E—Method used for typing in System 2 (date, procedure Keys)
2F—Special information relevant to System 2 (for example. gel identifier and lane number
on a gel-based system)
System 3
. . and so forth for each blood group system
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A Practical Approach for the Reporting of Highly Individual Genetic Typing Results

The database described above is designed to allow full flexibility in the choice of
interpretive methods. Specifically, it avoids linking the data storage to any particular
assumptions that might be used in the interpretation stage. What follows is offered as a
starting place for interpretation of blood typing evidence.

The most simple statement of resuits after a series of blood typing tests is that patterned
after Marris’s interpretation of glass evidence {I0]. Marris found a match in several
physical properties between glass from a broken crime scene window and glass fragments
found in connection with a suspect. He then surveyed 64 glass objects and found that
none of these other 64 samples agreed with the glass found in his case. He relates the
following:

The Judge asked, during the trial, what would be the chances of two pieces of glass, selected
at random, agreeing. . . . Although it might be possible to calculate the theoretical proba-
bilities, it was considered that as the effects of ingredients, manufacture and distribution of
glass could not all be traced, an estimate of the chances would not be justified. The definite
evidence was, that of 65 samples from various sources examined, only one (that from the
{[suspect]) agreed . . . with that from the window.

The analogous “‘definite evidence™ for our serological testing is simply the statement
that, "I tested the samples in this case in a variety of blood group systems and found
them to agree with one another. In our database of N samples from various sources, no
other samples show these same blood group types.” Of the issues raised regarding forensic
serology interpretation, this simple descriptive statement raises only two:

—How reliably were the samples compared? (That is, what are the match criteria and
are they being consistently applied?)
— Are the samples in the database representative of an appropriate population?

There are no means to avoid these two fundamental issues, but all further assumptions
are avoided. There is no assumption of independence, Hardy-Weinberg equilibrium, or
anything else. Although obviously not exploiting the full value of the evidence, this is a
good place to start because it is basic and defensible. A second state of interpretation
can then be presented, beginning with a statement that

There is no definitive method for calculation of frequencies for highly individual genetic
typing results. Although a number of scientifically reasonable methods have been proposed,
each of these involves additional assumptions. These assumptions, although straightforward
and reasonable, cannot be proven.

The presentation can then proceed, if desired, to consideration of the specific assumptions
and frequency estimates of any of the methods that have been proposed to date.

A natural next step in the interpretation is to assume a binomial distribution for the
combined occurrence of the blood types seen in the case. Using this assumption an upper
bound for the frequency of the combination of genotypes can be computed. Again, the
assumptions of independence and Hardy-Weinberg equilibrium are avoided.

The procedure uses a numerical solution for confidence intervals when the sample size
is large. The upper confidence limit for the proportion of samples having the correspond-
ing type is computed from Eq 1 [11]

r+ 222 + V(r + 2222 — (N + 22)IN
N R Gk ) G o
N + 22
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where N is the number of samples in database that have typing results in the systems
that correspond; r is the number of corresponding samples observed in population da-
tabase; and z_ is the normal deviate exceeded with probability of a. Table 7 gives upper
bounds for the population frequencies for 95%, 99%, and 99.9% confidence with sample
sizes of 100, 500, 1000, 5000, and 10 000 and observed frequencies in the sample of 0,
1, and 2 (see the Appendix for a sample calculation).

Another fairly simple extension of the basic statement has been proposed by Sudbury
{12], following procedures similar to estimates of discriminating power and Gaudette’s
calculations of average probabilities. In his method a general statement would be made
regarding the probability of a match of two randomly selected samples. Given a database
of N samples, these would be intercompared, giving a total of N(N — 1)/2 sample pairs.
If m matching pairs were found, there would be an average probability of 2m/N(N — 1)
for a match of two randomly selected samples. Upper bounds for this probability could
be set in a manner analogous to that presented above. Limitations of average probabilities
have been discussed by a number of authors [13-15].

A simple initial approach, incorporating a minimum of assumptions, seems an appro-
priate place to start. The particular merits of these methods are not so much the issue
here as are three specific points:

1. Tocalculate even these basic statistics, a database 1s needed that preserves genotypic
data and that links the results of one individual in the various typing systems.

2. In the initial assessment of the evidence avoiding complex interpretive assumptions
will make the presentation of the evidence more robust.

3. If the court allows additional assumptions, or if a particular jurisdiction-settles upon
a standard interpretive methodology, the database used by the laboratory shouldeallow
rapid and flexible data retrieval.

It is expected that from this beginning we would normally adopt further assumptions
and proceed with additional calculations. Unfortunately, the choice of these further
operations is currently highly controversial and has been the basis for exclusion of DNA
blood typing evidence in court. It is our hope to separate the basic blood typing data
and methodology from a controversy that lies in the choice among alternative interpretive
methodologies. The data, to some degree, speak for themselves. The message can be

TABLE 7— Upper bounds for population frequencies computed from Eq 1 for various sample
sizes and observed frequencies.

Sample Size,

r 100 500 1000 5000 10 000

95% CONFIDENCE

0 0.026 35 0.005 383 0.002 699 0.000 540 9 0.000 270 5
1 0.043 59 0.008 915 0.004 470 0.000 896 1 0.000 448 2
2 0.058 65 0.012 02 0.006 026 0.001 208 0.000 604 2
99% CONFIDENCE
0 0.051 32 0.010 70 0.005 381 0.000 108 1 0.000 540 7
1 0.068 92 0.014 39 0.007 233 0.001 453 0.000 726 8
2 0.084 80 0.017 73 0.008 913 0.001 791 0.000 895 9
99.9% CONFIDENCE
0 0.087 16 0.018 74 0.009 458 0.001 906 0.000 953 9
1 0.104 5 0.022 49 0.011 35 0.002 288 0.001 145

2 0.120 6 0.025 98 0.013 12 0.002 644 0.001 323
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clarified substantially and validly through statistical models, but additional assumptions
are necessary. When other scientists or legal practitioners are prepared to accept these
assumptions, we can provide a reasonable (and better) interpretation of evidential value.
If the assumptions are disputed, and we are prevented from making them, we should
still be able to present an assessment of evidential value. Although the methods suggested
here will grossly understate the true evidential value, they have minimal risk of outright
exclusion of the evidence.
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APPENDIX 1.
Example of an Upper Bound Calculation using
Equation 1

Suppose that, in a sample size of 500, we observe a characteristic once. At 99%
confidence the three equation parameters are:

r=1
N = 500
Zgo = 2.326 23, = 5.410

and Eq 1 evaluates to:

1 + 54102 + VAT + 5.410/2)* — (500 + 5.410)(12)/500
500 + 5.410

= 0.014 39
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