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Abstract Offender DNA databases have been highly
successful tools for generating investigative leads. Due to
their success, the database sizes have increased such that
some have suggested using the DNA profiles in offender
databases for empirical pairwise studies to provide inferences
regarding the validity of the current practices for generating
random match probability estimates. These critics use
observations under the assumption of independence to suggest
that the current forensic DNA statistical calculations are
invalid. However, some of these databases, such as CODIS,
are not appropriate for such studies because they contain
duplicate profiles and profiles of close relatives and are highly
heterogeneous (i.e., comprised of individuals from many
different population groups with unknown proportions).
Observed departures from expectations will occur using these
databases, but would have no relevance for questioning the
reliability of statistical practices because the very heteroge-
neous data sets would be expected to violate the basic
assumptions of independence. In addition, 9-, 10-, 11-, and
12-locus (out of 13 loci) matching profiles have been
observed, are expected, and do not call into question the

reliability of statistical practices. The phenomenon of match-
ing profiles is similar to the concept of the birthday scenario.
Regardless, simple computations under the assumption of
independence for guideline purposes only show that partial
matches observed in offender databases are not inconsistent
with expectations. Indeed, computed random match probabil-
ities that explain the observedmatching profiles from pairwise
comparisons are smaller than those observed based on routine
casework calculations. Data analyses from offender databases
based on assumptions of independence do not provide any
basis for questioning the legitimacy of computations of
random match probability values of any specific target profile
based on the modified product rule that are currently followed
in the DNA forensic community. Defined population data,
which are sufficiently abundant, have already demonstrated
the validity of the basic assumptions of DNA forensic
statistical assumptions.
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Introduction

Because of the success of offender DNA databases [1, 2],
their size has increased substantially. For example, CODIS
for the US Combined DNA Index System and NDNAD for
the UK National DNA Database each contain more than
four million profiles. There are suggestions that offender
database(s) could be used for empirical studies to provide
inferences regarding the validity of the current practices for
generating random match probability estimates (as de-
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scribed in [3]). In some US legal proceedings [4], some
have suggested that the demonstration of matching pairs of
9 (10, 11, 12, or 13) loci out 13 loci profiles in these large
data sets violate the Hardy–Weinberg expectations (HWE).
Because the HWE are violated, these critics argue that the
currently used statistical approaches are invalid and that
DNA evidence should not be admitted in court proceedings.
Such suggestions are misleading because current statistical
practices do not strictly follow the assumptions of HWE
[3], and offender databases, such as CODIS, are heteroge-
neous and would be expected to depart from HWE.

This technical note is not about developing a conserva-
tive statistical approach by using θ adjustment formulas
for ameliorating the effects of population heterogeneity
(substructure) and when using average allele frequencies
for statistical calculations. The NRC II Report [3] assumed
that departures from HWE would occur and already offers
θ adjustment formulas, which are routinely used by the
forensic community, for such phenomena. Indeed, Weir [5]
demonstrated that θ adjustment using the pragmatic values
recommended by the NRC II Report [3] are more than
adequate for overcoming effects found in heterogeneous
databases similar (but not exactly) to the construct of the
CODIS database. In contrast, this paper identifies the flaws
in arguments raised by those in recent legal proceedings [4]
who do not use θ adjustment formulas but instead strictly
assume HWE and misapply average allele frequencies to
assess departures from expectations in heterogeneous
database.

Use of large offender databases to question strict rule
of independence

Pairwise profile analysis can be a meaningful test of the
reliability of the basic statistical assumptions used for
generating DNA profile frequencies [6]. Therefore, some-
one might perceive the available profile data in these large
offender databases as an opportunity to carry out pairwise
profile comparisons studies (and compare the observations
with expectations under the assumption of HWE). Some [4]
have suggested that observing partial matching profiles,
such as nine-locus profiles (out of 13 loci) sharing the same
genotype, invalidate the manner that forensic laboratories
calculate the rarity of a DNA profile. However, such logic
is flawed. Departures from HWE are expected and any
results obtained from such studies would not be relevant
and would be misleading. The CODIS DNA database is
comprised of very diverse populations, and the profiles are
not apportioned into population categories such as is used
for routine casework statistical calculations. Therefore, any
analyses under the assumption of HWE are not particularly
informative because departures are expected in heteroge-
neous data sets and the results do not assess the impact of

using the population data sets employed for current
statistical calculations.

Another obstacle to using the CODIS database for
evaluating (under assumptions of HWE) the statistical
legitimacy of using allele frequency estimates under current
forensic practices is that the databases contain duplicate
profiles and profiles of close relatives. Before any such
inferences could be drawn from a pairwise database
analysis, it would be imperative to remove matching or
partially matching profiles contributed by relatives. The θ
adjustment approach does not address directly the presence
of relatives. Moreover, the removal of such profiles would
be a monumental task that would have to be coordinated by
all 50 states.

The impact of the presence of relatives in the database
may be illustrated by Fig. 1 where the distribution of
matching loci in pairwise comparisons of DNA profiles in
four hypothetical databases is plotted. The distributions
clearly show that the number of matched loci becomes
highly distorted toward the direction of a larger number of
matched loci in the presence of relatives in the database,
and the deviation depends on the extent of the number of
relatives as well. Note that while the distribution of
matched loci is affected by the presence of relatives in the
database, as long as the loci do not have any viability or
fertility consequences, the presence of relatives in a
database does not influence allele frequency estimates of
the loci (data not shown). Thus, a few relatives in a
database will increase the number of matching loci
observed by pairwise comparisons.

An advocate of using an offender database for evaluating
the validity of the statistical practices would now have to
ignore concerns about using a very heterogeneous database
[7]. The CODIS database qualifies as one of the most
heterogeneous DNA profile databases available. It is
comprised of individuals from many different population
groups (African American, Asian, Caucasian, Hispanic,
Native American, and Oceanian), the proportions are
unknown, and it is likely that the proportions of these
groups in the database are not the same as they are in the
greater US population.

Frequency of pairwise comparison matches within offender
databases as a surrogate for legitimate profile frequency
estimates

When conducting pairwise DNA profile comparisons using
offender database data, it is important to recognize that the
number of profile matches that might be found at nine or
more loci (out of 13 loci) is predictable. Troyer et al. [8]
reported a nine-locus (i.e., partial out of 13 loci) match
between an African American and a Caucasian profile in
the Arizona offender database. The random match proba-
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bility (RMP) frequency under the assumption of HWE for
the nine loci was approximately 1/500,000,000. Yet, the
database size contained only 8–10,000 profiles. The
“coincidental match” did seem surprising to Troyer et al.
[8] as the observation appeared to associate two unlikely
individuals at a frequency more likely than seemed
plausible. However, such a finding is entirely expected
and predictable based on probability theory.

The matching pair at nine out of 13 loci that was
observed is analogous to the well-known phenomenon the
“birthday scenario” [9]. Similarly, matches will occur in
offender databases, although at first glance it may seem
counterintuitive with profile frequencies estimated to be
less than 10−12. The total number of pairwise comparisons
for an n individual size database is n(n−1)/2. So for a
database with approximately 3,000,000 profiles, there are
more than four trillion pairwise comparisons. Although the
birthday scenario and the observation of matching profiles
at 9, 10, 11, or 12 (out of 13 loci) in large-sized offender
databases would seem obvious to the informed, such
statistics from pairwise comparisons of profiles (again
under the assumptions of HWE) are cited as a rationale,
although erroneous, to question current statistical practices
for estimating the rarity of a DNA evidence profile.
Although average allele frequencies are used, a threshold
may be determined as a guide to determine whether such
observations can be expected. The computations below
illustrate that such statistics of partial matches in offender
databases do not dispute the legitimacy of the reported

RMP values in casework analyses that use the modified
product rule. We do not advocate the following calculations
as accurate, they are merely used to show that the
expectations even when assuming HWE and average allele
frequencies (as some critics might use) of observing partial
matches are well within the plausible range.

RMP and partial match computations

The computations are based on partial matches in the
Arizona State offenders’ database. The Arizona offender
database contained 65,493 offender 13-locus DNA profiles.
In a pairwise comparison of these profiles, there were
observed 122 pairs of profiles that matched at 9 loci, 20
pairs matched at 10 loci, and 1 pair each matched at 11 and
12 loci (K. Troyer and D. Duplissa, Arizona Department of
Public Safety, Phoenix, Arizona, personal communication).

To exemplify what range of values of RMP (under
HWE) would support such observations, the steps of the
computations are: (1) compute the number of pairwise
comparisons for the databases; (2) compute the number of
possible combinations of loci (out of 13 loci) with reference
to which the autosearch statistics were reported; (3)
compute the range of possible number of distinct genotypes
for the combination of loci; and (4) finally, compute a value
of RMP that would be consistent with the observed number
of partial matches.

The results are: (1) With n=65,493 profiles there are
2,144,633,778 pairwise comparisons of profiles in the AZ
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Fig. 1 Effect of the presence of
relatives on the number of
matching loci. The four hypo-
thetical databases illustrated
consist of 13 CODIS STR loci
profiles (based on Caucasian
allele frequencies, as reported in
[10]) on 1,000 individuals in
which all 1,000 individuals were
unrelated (filled diamonds), 998
were unrelated and 1 pair of full
siblings was included (filled
squares), 980 were unrelated
and 10 pairs of full siblings were
included (filled triangles), and
800 were unrelated and 100
pairs of full siblings were in-
cluded (x). Note that the Y-axis
is in logarithmic scale, visually
decreasing the degree of
deviation
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database; (2) There are 715 combinations of 9 loci out of
the 13 CODIS STR loci used for DNA profiling in the
database; (3) Using the statistics of the number of
segregating alleles observed in the DNA forensic databases
(e.g., [10]) and noting that with k segregating alleles at a
locus, one can observe k(k+1)/2 possible distinct genotypes
at that locus, the range of possible multilocus genotypes can

be computed from Table 1; and (4) The RMP (p) values for
122 matching 9 locus pairs are between 1.523×10−12 and
6.769×10−14 (the same logic can be used for computing 10
or more locus matches [data not shown]).

These RMP values are typically smaller (i.e., rarer) than
those reported for target profiles in casework using the
modified product rule (as per recommendations in [3]). The
above computations clearly indicate that the number of
partial matches in pairwise comparisons of DNA profiles in
the Arizona offender database, even when they are looked
at without the inherent complicacies of the databases, does
not, in general, provide any basis for questioning the
legitimacy of computations of RMP values of any specific
target profile based on the modified product rule that are
currently followed in the DNA forensic community.

Given the three levels (minimum allele frequency, θ
adjustment, and tenfold rule) of conservatism built into the
current calculations used by the forensic community [3, 11],
the predicted number of partial matches based on forensic
calculations would be larger that that observed. Even with
the large size of the offender database, many of the rare
DNA profiles (out of all possible DNA profiles) would not
be observed in the database. This makes observing pairs of
partial matches appear smaller than expected (based on an
average allele frequency).

Using θ adjusted calculations with reasonable θ values
more than compensate for the degree of substructuring such as

Table 1 Number of alleles with frequencies ≥0.01 and genotypes for
the STR loci

Loci Number of segregating
alleles (k)a

Possible number of
genotype, k(k+1)/2

CSF1PO 8 36
FGA 21 231
TH01 6 21
TPOX 7 28
vWA 9 45
D3S1358 8 36
D5S818 8 36
D7S820 8 36
D8S1179 10 55
D13S317 7 28
D16S539 7 28
D18S51 15 120
D21S11 17 153

Data from [10].
a Number of segregating alleles is based on total observed at each locus.

Fig. 2 Specific genotype and
average match probability
using Caucasian population
data [8]
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that encountered in heterogeneous offender databases (note
that reference databases for population inferences are not so
heterogeneous) [5]. It is important to reemphasize that the
criticisms that have arisen in US legal proceedings are not
based on analyses such as those carried out by Weir [5]. The
θ adjustment approach is ignored and instead tests demon-
strating a violation of independence are sought.

Another point to consider is that computations of RMP
in the context of specific forensic casework refer to a
specific target profile. In contrast, pairwise comparisons of
profiles in a database yield statistics of matches and partial
matches with regard to any of the possible profiles, a
concept that can be related to what may be termed as
average match probability. For each of the loci used in
current platforms of DNA forensic work, genotype-specific
match probability can differ drastically from such average
match probability. When summary statistics are used from
allele/genotype sharing from pairwise comparisons of n
profiles in the database, the summary statistic derived from
n(n−1)/2 comparisons may approximate the estimate of
true averages, if n is sufficiently large. However, if a small
number of these pairs of subjects are related (for each of
which one needs to invoke kinship adjustment over and
beyond θ adjustment), observations on allele–genotype
sharing for these pairs would be sensitive to their specific
profiles differing substantially from the average which
would produce discordances that are irreconcilable without
knowing their exact DNA profiles. This is illustrated by
Fig. 2 where using the Caucasian allele frequencies
(extracted from [10]), the genotype-specific match proba-
bilities were computed for all possible genotypes at each of
the 13 loci (represented by the plus sign, and the average
locus-specific match probability represented by dots).
These show that a target-specific match probability can be
drastically different from the average match probability.
Although the computations of this figure were done using
the HWE of genotype frequencies, the results are qualita-
tively the same even after adjustments for population
substructure effect (i.e., with θ adjustment).

Conclusions

The CODIS database is an excellent database for investi-
gative leads; it is an extremely poor database to analyze for
inferences regarding the assumptions of independence. The
profiles in CODIS do not lend themselves to good quality
population studies; they are not properly annotated and
duplicates and relatives reside in the database. If one takes a
very simplistic view about the complexity of the heteroge-
neous offender database and then observes partial matches
inconsistent with the assumption of independence, he/she

provides no basis to invalidate current forensic practices.
Such departures are expected and do not reflect the
population statistics databases used by the forensic com-
munity for routine statistical calculations.

Extremely important are that concerns exist and will
arise about the privacy and confidentiality of data retrieved
frommatches found during a pairwise comparison of offender
DNA profiles. The names of individuals with matching and
partial matching profiles would have to be disclosed to
scientists and police when there is no criminal investigation
underway. The names would be obtained because of a
“research experiment.” To further annotate such data may
not be possible. However, not having annotated data for
population studies does not compromise CODIS for its
primary purpose that is developing investigative leads.
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