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Abstract Data from nearly 2500 British Caucasians, pro-
filed using an STR quadruplex, have been analysed. The
data came from several laboratories and represent samples
from different geographical distributions. Analysis of the
combined files shows that previous reports of failed inde-
pendence tests were the results of sampling effects. A fur-
ther convincing proof is given of the robustness of the sta-
tistical methods used to estimate evidential value in case-
work. Comparisons between different samples show that
regional effects between Scotland and the South of Eng-
land have no importance from the forensic viewpoint.
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introduction

A four locus STR quadruplex incorporating HUMVWA,
HUMTHO1, HUMF13A1 and HUMFES has been devel-
oped by Kimpton et al. [1] and validated for forensic use
as described by Kimpton et al. [2] and Lygo et al. [3].
Analyses of data from British Caucasians profiled using
the quadruplex have been described by Gill and Evett [4],
Evett et al. [5] and Lee et al. [6]. A Bayesian method of
analysing the same databases is described by Foreman et
al. [7]. A recent paper by Evett and Buckleton [8] has
questioned the relevance of large scale independence test-
ing and described analysis of data from 1660 British Cau-
casians. The purpose of the present paper is to describe
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the analysis of the largest set of data so far. To our knowl-
edge, no other papers have been published on STR data-
bases as large as the one described here: 2481 full profiles
of Caucasians from throughout the British Isles.

The statistical analysis of data from restriction frag-
ment length polymorphism (RFLP) profiling has always
been problematic because of the uncertainty of differenti-
ating between genuine and apparent homozygotes and
also because of the need to take account of fragment mea-
surement error through binning or other methods. The ad-
vent of STR profiling has largely removed such complica-
tions and so it is possible to gain a clearer impression of
the scale of real or imagined population genetic effects
caused by inbreeding and substructuring. However, a
number of instances have been observed where signifi-
cance tests on sample data have failed. In particular, as
Evett et al. reported [5], a file of 257 UK Caucasians as-
sembled at the Metropolitan Police Forensic Science Lab-
oratory (MPFSL) was found to demonstrate very high ho-
mozygosity for F13A1 (p = 0.00); the same authors found
that composite exact tests for within and between locus
independence in a file of 1400 UK Caucasians failed for
the VWA/THO1 combination (p = 0.03) and for the
F13A1/FES combination (p = 0.00); and Drozd et al. [9]
reported a failure of a test of Hardy-Weinberg proportions
(p < 0.01) in a file of 200 UK Caucasians profiled at the
VWA locus.

It has been something of a problem to determine whether
or not these tests have any kind of population genetic ra-
tionale — such as population substructuring, for example —
or whether they are nothing more than sampling effects.
The analysis results presented in this paper supports the
second explanation. We claim to demonstrate that the
technique is sufficiently robust to allow multiplication of
allele frequencies both within and between loci without
using the rather arbitrary kind of correction described in
Evett et al. [5], originally adopted as an interim expedient
in anticipation of further data.
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Table 1 A summary of the sizes of the databases used in the study

Origin Filename VWA THOI1 F13A1 FES Full
profiles

FSS donors 1fssdon 423 423 423 423 423
Derbyshire police  1fssder 582 582 582 582 582
MPFSL donors Impldon 256 257 257 256 256
SPFSL casework  1fssscl2 400 400 400 400 400
MPFSL casework 1mp2 423 423 421 423 421
Tayside casework  1dund 400 400 400 400 400
Combined file 1al17_10 2484 2485 2483 2484 2481
Data

The data file sizes are shown in Table 1. The FSS and MPFSL
donor files and the Derbyshire police files are as specified in Evett
et al. [5]; the 140 Strathclyde samples from the Strathclyde Police
Forensic Science Laboratory (SPFSL) referred to in that study
were later absorbed into the file of 400 used here and analysed by
Lee et al. [6]. There are two new files which have not previously
been described: one of 423 individuals from casework at the
MPFSL and one of 400 individuals from casework at the Tayside
Police Forensic Science Laboratory, Dundee, Scotland.

Frequencies

In this, as in the previous papers we have cited, THO1 9.3 is clas-
sified as allele 10 and F13A1 3.2 is classified as allele 3.

Many papers have now shown frequency distributions for these
for loci (see, for example, Gill and Evett [4]) and, for iltustration
we here show only those for the databases which have not previ-
ously been reported: the Tayside and London casework collec-
tions. This is also interesting because these two represent the geo-
graphical extremes of the data we have analysed. The two fre-
quency distributions are shown in Figs. 1-4.
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Fig.1 Allele frequency distributions for Tayside and MPFSL case-
work: VWA
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Fig.2 Allele frequency distributions for Tayside and MPFSL case-
work: THO1
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Fig.3 Allele frequency distributions for Tayside and MPFSL case-
work: F13A1

Conventional tests on the combined database

The conventional goodness-of-fit test of Hardy-Weinberg
proportions was carried out for each locus. The p-values
were determined empirically by comparing each test sta-
tistic with those calculated from 2000 shuffled databases,
following Guo and Thompson [10]. The p-values were
0.07, 0.80, 0.42 and 0.41 respectively.

Drozd et al. [9] have observed an excess of the 17,17
genotype and a deficiency of the 16,17 genotype at the
VWA locus in a database of 200 British Caucasians. Our
observed numbers, with expected numbers in brackets
were: 194(193.06) of 17,17 and 266(287.71) of 16,17. If
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Fig.4 Allele frequency distributions for Tayside and MPFSL case-
work: FES
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Fig.5 Within-person experiment: simulates cases in which the
suspect is truly the offender. The vertical scale represents the pro-
portion of cases in which there is a match and the LR exceeds the
value at the corresponding position on the horizontal scale
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Fig.6 Between-person experiment: simulates cases in which the
suspect and the offender are two different unrelated individuals.
The vertical scale represents the number of cases in 100,000 in
which there is a match and the LR exceeds the value at the corre-
sponding position on the horizontal scale
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the latter were a real deficiency of the 16,17 genotype
then it would have no practical significance.

The conventional test for excess homozygosity was
carried out, again determining p-values from shuffled
databases. The p-values were 0.15, 0.86, 0.24 and 0.46.
We note that there is no sign of the excess homozygosity
which was found in the first MPFSL database and con-
clude that this was a sampling phenomenon.

The exact test (Zaykin et al. [11]) was carried out for
all 15 combinations: 4 single locus, 6 two locus, 4 three
locus and one four locus. The smallest p-value was 0.12
for the composite test for VWA/THO1. We note, in par-
ticular the p-value for the composite test for F13A1/FES
was 0.34, which is a remarkable change from the value
0.00 observed for the earlier sample of 1400.

Robustness investigations

The limitations of conventional independence testing
based on classical statistical significance testing have
been discussed elsewhere: Evett et al. [5] and Evett and
Buckleton [8]. It is our view that the robustness of a par-
ticular forensic science comparative technique, whether
DNA-based or otherwise, is best investigated by simulat-
ing two kinds of cases. First, cases in which the suspect is
truly the offender: in the present situation this can be done
by calculating a likelihood (LLR) ratio as the inverse of the
four locus genotype frequency for every member of the
database. Second, cases in which the suspect and the of-
fender are different unrelated people: in the present situa-
tion this can be done by carrying out all of the between-
person comparisons possible, in this case approximately
3.1 million. Most comparisons result in a non-match, but
in those situations in which a match does occur a LR is
calculated in the same way as was done for the within-
person comparisons. We repeat that the between-person
comparison experiment is in exactly the same spirit as that
carried out by Tippett et al. [12] when investigating the
power of house paint comparison in forensic casework
and later by Gaudette and Keeping [13]who considered the
power of forensic hair comparison. Lambert ct al. {14] have
described large scale experiments based on DNA RFLP
data in which up to 16 million comparisons were made.
The results of these experiments can be compared with
those in Evett et al. [5], but with an important difference.
In that previous work, as we have explained, we were not
entirely sure of the reasons for the small p-values found
for the FES/F13A1 and VWA/THO1 composite tests. We
therefore proposed a rather ad hoc correction procedure to
be applied to allele frequencies in casework based on that
first proposed by Nichols and Balding [15] and carried out
the experiments using various degrees of conservative
correction factors. We now see that the effects we ob-
served were, as we had originally suspected, no more than
artefacts and we see no further need for using the cor-
rected frequencies, at least for British Caucasians.
Therefore when we carried out the within and be-
tween-person comparisons for this study we made no cor-
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rections to the allele frequencies. The four locus genotype
frequencies were calculated by multiplying the uncor-
rected allele frequencies within and between loci. The
within-person experiment is summarised in Fig. 5. This
shows that in about 65% of cases in which the suspect is
truly the offender the LR will exceed 10,000 and in about
20% of such cases it will exceed 100,000.

The results of the between-person comparison experi-
ment are shown in Fig. 6. Note here that the vertical scale
is in terms of cases per 100,000. Thus, when the suspect
and offender are two different unrelated people, the
chance that their profiles would match with a LR in ex-
cess of 10,000 is 1 in 50,000. The chance of a match with
a LR in excess of 100,000 is about 1 in half a million.

We would point out that casework calculations would
be more conservative than the figures illustrate because of
procedures for guarding against unreasonably small allele
frequencies by adding the suspect’s profile cither once or
twice to the database. This would be in the spirit of the
procedure used by Berry et al. [16] and the size bias cor-
rection proposed by Balding and Nichols [17].

I. W. Evett et al.: Statistical analysis of STR profiles

Table 2 Comparisons between the Tayside database and the other
databases (a) Fgp and (b) Fyp

Regional effects

It follows from the previous sections that there are good
arguments for using the combined database for casework
throughout Great Britain. Balding and Nichols [17] have
devised a formula which is relevant when the suspect and
offender might credibly considered to be members of the
same subpopulation. That correction involves the use of
Fqr and as a guide to appropriate magnitudes of that fac-
tor we show values of Fgr and Fyp calculated by the
method of Weir and Cockerham [18] from pairwise com-
parisons between the Tayside database and each of the
other databases in turn: again we have selected these com-
parisons because Tayside represents the most northerly
sample we have analysed. The order of the comparisons
roughly reflects geographical separation, bearing in mind
that the FSS and first MPESL samples include people
from throughout the UK, though their content would be
predominantly South of the England/Scottish border
(Table 2).

We stress how very small the Fq; values are. They are
small for all loci and they confirm values previously re-
ported for other large populations — see, for example, Weir
[19]. The consistency of estimates from many loci and
populations argues against long tails in the distribution of
Fgp values for the loci being used in forensic science and
against the routine use of values as large as 0.03-0.05 for
the UK or US Caucasian population.

We note also that the Fyr values are also almost all very
small. There is a clear exception to this for the Tayside/
MPFSL1 comparison at the F13A1 locus. However, this is
obviously a manifestation of the excess of homozygosity
observed at this locus in the latter database and previously
reported by Evett et al. [5]. The evidence from all of the
other Caucasian databases strongly supports the explana-
tion that this excess is a sampling phenomenon.

()
SPFSL  Derby- FSS MPESL 1 MPFSL 2
shire
VWA 0.001 0.001 0.001 0.002 0.001
THO1 -0.001 -0.001 0.000 0.000 0.001
F13A1 0.000 -0.001 0.001 -0.001 -0.001
FES 0.002 0.003 0.001 -0.001 0.002
Average: 0.000 0.001 0.001 0.000 0.001
(b)
SPFSL  Derby- FSS MPFSL 1 MPFSL 2
shire
VWA -0.025 -0.001 0.003 0.001 0.027
THO1 -0.016 -0.022 -0.003 -0.004 —-0.012
F13A1 0.000 -0.005 -0.017 0.049 -0.006
FES —0.007 0.010 -0.021 -0.019 0.026
Average: -0.012 -0.005 0.000 0.007 -0.003
Discussion

In the introduction we referred to failures of significance
tests on STR data which had previously been reported by
Evett et al. [5] and Drozd et al. [9]. The results from this
larger study give good support to the explanation that
these are manifestations of sampling effects. The regional
comparisons described in the previous section are evi-
dence that population substructuring among British Cau-
casians is of negligible consequence as far as STR loci are
concerned.

Finally, the robustness experiments we have described
give further evidence of the capabilities of the VWA/THO1/
F13A1/FES quadruplex as a powerful forensic technique.
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