
Introduction

In general, the use of DNA profiling results in the context of a
criminal or legal investigation must be qualified by an estimation
of the statistical weight of the DNA evidence. There are various ap-
proaches used to arrive at such an estimate but all rely on reference
to databases of DNA profiles, which are usually segregated into
predominant sub-populations based on the ethnic origin of sample
donors. The compilation and validation of sub-population
databases to support forensic DNA interpretation is a prerequisite
of forensic biology laboratory accreditation (1–3). In Australia, the
accuracy and adequacy of such databases has been scrutinized
closely in the criminal courts (4,5). Kaska et al. (6) and Ayres et al.
(7) examined the comparability of sub-population data obtained
under different mechanisms for assigning ethnicity, but there has
been limited research into the mechanisms themselves.

In New Zealand, the major sub-populations are from diverse
evolutionary backgrounds, and have only recently mixed. The con-
struction of accurate sub-population databases and information re-
garding genetic diversity gained through analysis of the data are
therefore of added importance.

The contemporary New Zealand population is predominantly
made up of four major sub-populations, which we have classified
as Caucasian, Eastern Polynesian, Western Polynesian, and Asian.

To have confidence in our statistical interpretation of forensic
DNA casework, we considered it important to evaluate a key
paradigm underpinning the population genetic and DNA interpre-
tation models, namely, the self-declaration of ethnicity.

Construction of Sub-Population Databases

DNA Profiling

Standard methods for DNA analysis are employed, as previously
described in Harbison et al. (8). The database therefore contains a
mix of 6-locus SGM and 10 locus AMPF�STR®SGM Plus™
(SGM Plus) profiles. No profiles with missing alleles or loci are
loaded onto the DNA database meaning the sub-population data
contain only full profiles.

"Self-Declaration" as a Source of Ethnicity Data

In 1996 the New Zealand Government introduced specific legis-
lation governing the use of DNA profiling (Criminal Investigations
(Blood Samples) Act, 1995). A provision in the legislation allows
an individual donor to self declare their ethnicity over four genera-
tions. This provision was specifically included for the purpose of
collating sub-population databases for use in the statistical
interpretation of forensic DNA profiling results. Over 65% of indi-
viduals whose DNA profiles are held on the National DNA
Database have voluntarily supplied information regarding their
racial pedigree.

All persons who claimed any Maori, Cook Island, or Tokelauan
ancestries were included in the Eastern Polynesian database
(SGM profiles n � 6037; SGM Plus profiles n � 1815). All per-
sons who claimed Samoan, Tongan, or Nuiean ancestries were in-
cluded in the Western Polynesian database (SGM profiles n �
1305; SGM Plus profiles n � 477). All persons who claimed a
full European ancestry (over the designated four generations)
were included in the Caucasian database (SGM profiles n �
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3340; SGM Plus profiles n � 1001). All persons who claimed
Asiatic descent were included in the Asian database (SGM pro-
files n � 173; SGM Plus profiles n � 114). This can be seen as
somewhat arbitrary but does coincide with common usage in New
Zealand. It leads to the admixed persons all being classified in the
non-Caucasian ethnic groups. The majority of people in the Asian
database are Vietnamese or Chinese and this group does not in-
clude persons indicating their ethnic descent as from the Indian
sub-continent (as would be common usage of this term in the
UK). This research focuses on those individuals in self-declared
admixed populations.

Integrity of the Data

Each database was screened for the presence of duplicate DNA
profiles. Where duplicate profiles were identified, the origins of the
sample were examined to determine whether or not the identical
DNA profiles were due to a system anomaly, such as an individual
donating a second databank sample under an alias, or a genuine ge-
netic correspondence. Through police intelligence, the DNA find-
ings were compared with other police records and fingerprint and
photographic data. This process separated all spurious entries on
the database from the genuine genetic matches. The investigators
regard this process as vital to the integrity of the ensuing statistical
data analysis.

Analysis of Ethnicity Data

According to the 2001 census, 80% of the New Zealand popula-
tion declared themselves of Caucasian ancestry, 14.3% of Maori,
6.7% of Asian and 6.5% of "Pacific" (9). Immigration from Asia
has been relatively recent and has doubled since 1991 (9). We do
not expect much admixture to have occurred between Asian and
New Zealand populations as yet although this process will be be-
ginning and is expected to accelerate. Allele frequencies for the
four sub-populations were presented in an earlier publication (10).
As expected, there are differences in the frequencies of individual
alleles at each locus tested.

Genetic Distance

An estimate of the pairwise genetic distance within and between
certain sub-populations in the New Zealand STR profile data was
made. Sub-population data from the Eastern Polynesian and West-
ern Polynesian datasets was further divided into subsets represent-

ing varying levels of ethnicity within the selected subset. For ex-
ample, New Zealand Maori samples from the Eastern Polynesian
sub-population were distributed into six subsets: Maori, 3⁄4 Maori, 1⁄2
Maori, 1⁄4 Maori, 1⁄8 Maori, �1⁄16 Maori. Similarly, Samoan samples
from the Western Polynesian sub-population data were distributed
into four sub-groups: Samoan, 3⁄4 Samoan, 1⁄2 Samoan, �1⁄4 Samoan.
This was possible through the self-declaration process which is
based on ancestral information over four generations. Maori and
Samoan samples were chosen as previous statistical assessments
had shown evidence of sub-population and admixture effects in the
Eastern and Western Polynesian data (results not shown, available
on request). These datasets were also the only ones of sufficient
size to allow subdivision by level of ethnicity, as described above.

The genetic distance, �, between the population subsets was cal-
culated using the moment estimate (11,12) by use of the Genetic

TABLE 1—Genetic distances (�1000) between self reported ethnic groups. Negative estimates of genetic distance replaced by 0.

Maori 36.57
3⁄4 Maori 29.65
1⁄2 Maori 23.06 2.41 0.29
1⁄4 Maori 14.09 6.60 3.33 1.63
1/8 Maori 10.03 6.46 3.23 1.31 0.00
�1/16 Maori 3.06 12.94 8.73 5.52 0.00 0.00
Samoan 36.81 23.17 19.51 17.57 19.28 19.39 20.89
1⁄2 Samoan 21.19 13.79 9.16 7.97 7.79 8.95 6.25 0.00
1⁄4 Samoan 13.96 3.61 0.62 0.08 0.00 0.00 0.00 0.00 0.00
1⁄4 Samoan 1.46 0.79 0.00 0.00 0.00 0.00 0.00 3.01 6.02 0.00
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FIG. 1—Principal Coordinate representation of the inter-population
genetic distances. The level of Maori (M) and Samoan (S) ethnicity for
each sub-group is represented by the preceding integer, for example 0.25S
indicates the 1⁄4 Samoan subset referred to in the text.



Data Analysis (GDA©) software (13). The matrix of genetic dis-
tances (Table 1) is represented using principal coordinates (14) by
finding a set of points in two dimensions whose interpoint dis-
tances approximate the genetic distances (displayed graphically in
Fig. 1). The genetic distance from the Caucasian sub-population in-
creases as the level of Maori or Samoan ethnicity increases. This
provides support for the effectiveness of self declaration as a means
of segregating reference samples by ethnicity. The points corre-
sponding to small reported fractions of Maori and Samoan ances-
try are closer to each other than they are to the point representing
the Caucasian population. We believe that this is because the ad-
mixture is complex, and a person reporting a small fraction of, say,
Samoan ancestry may also have some Maori as well as Caucasian
ancestors.

Conclusions

As it is the role of forensic scientists to provide the most accu-
rate estimate of the evidential significance of DNA profiling re-
sults presented to the courts, examination and understanding
of certain population genetic features of the people within their
jurisdiction is required. New Zealand's geographical association
with the Pacific Islands has seen the growth of a diverse popula-
tion, heavily influenced by the founding Eastern Polynesian
peoples. Statistical scrutiny of large pools of DNA profile data
generated through forensic analysis has highlighted some features
for consideration. In particular, the compilation of large sub-
population databases can be facilitated through DNA-based legis-
lation, with accurate assignment of ethnicity achieved through
self declaration.
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