
Abstract We studied the influence of population struc-
ture at the microgeographical level on the analysis of fo-
rensic cases. A total of nine autosomal STRs and seven
Y-STRs were analyzed in the general mixed population and
in two relatively isolated valleys of Cantabria, a region in
Northern Spain. Statistically significant differences ex-
isted in the frequency distribution of four autosomal STRs,
with an overall Fst value of 0.3%. A simulation of virtual
trio cases revealed that it did not have a practical influ-
ence on the analysis of paternity disputes. Significant dif-
ferences also existed in most Y-STRs, with an overall Fst
value of 3%. Thus, using the general database instead of
the specific valley database resulted in 5-fold or higher
overestimation of the likelihood ratio of matching in up to
30% of cases. A bayesian analysis revealed that this had a
significant impact on the estimation of the probability of
identity in scenarios of low “a priori” odds of suspicion.
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Introduction

Available PCR-based technologies allow the efficient
identification of individuals through the analysis of STRs
and other genetic markers. In order to interpret the results
properly, they need to be compared with those obtained in

pertinent reference populations. Fortunately, the frequen-
cy distributions of most autosomal STR do not show great
variation within large ethnic groups (i.e., caucasian) [1].
Thus, conclusions can usually be drawn whether using a
general reference database or a more local one. However,
that may not be the case for Y-chromosome markers. The
smaller effective population and the lack of recombina-
tion make them more prone to showing different frequen-
cy distributions related to population structure. Indeed, we
have recently shown evidence of population structure even
at the microgeographical level in small rural areas [2]. In
the present study we used a bayesian approach to address
the issue of the possible relevance of those differences for
the interpretation of DNA profiles.

Materials and methods

Population

We studied unrelated subjects living in Cantabria, a region in north-
ern Spain with a population of 530,000. This region of 5,000 Km2

is situated between the sea and the Cantabrian mountains, and has
a flat, well communicated, and densely populated coastal area. It
has about 400,000 inhabitants, who constitute a mixed and rela-
tively mobile population, living in urban or semi-urban habitats.
Therefore, it can be regarded as the source of a general database
for the regional population. On the other hand, the southern part of
Cantabria is a mountainous area with several valleys that have tra-
ditionally had difficult communication. The inhabitants have had
less opportunity for social and economic interaction with people
from other areas [3, 4]. Among them are the Liébana and the Pas
valleys, each with a population about 5,000. Male subjects from
the coastal area and from these two valleys were studied (100 indi-
viduals from each area).

DNA typing

DNA was isolated from peripheral blood by the Qiagen method
(Qiagen, Hilden, Germany). Autosomal STRs were amplified by 
a multiplex PCR with the Profiler plus kit (including systems
D3S1358, vWA, FGA, D8S1179, D21S11, D18S51, D5S818,
D13S317, and D7S820), according to the manufacturer’s instruc-
tions (Applied Biosystems). Seven Y-chromosome STRs were
also typed using fluorochrome-labeled primers. Loci DYS390,
DYS19, DYS 389-I, DYS389-II, and DYS393 were amplified by a
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pentaplex PCR as described by Gusmao et al. [5]. DYS391 and
DYS392 were amplified in a single reaction using the primers de-
scribed by Gusmao et al. [6] and Kayser et al. [7]. The size of am-
plified fragments was determined in an ABI Prism 310 analyser,
following the recommendations of the International Society of
Forensic Genetics [8].

Data analysis

The differences in allelic frequencies of single loci and the corre-
sponding haplotypes were estimated by an extension of Fisher’s
exact test based on a Markov chain method with 10,000 possible
combinations, and carried out with SPSS software. Coancestry co-
efficients were computed with Arlequin (Schneider et al.: Arlequin
ver. 2.000, a software for population genetic data analysis, Genet-
ics and Biometry Laboratory, University of Geneva. http://anthro.
unige.ch/arlequin) and FSTAT software (Goudet J: FSTAT. A pro-
gram to estimate and test gene diversities and fixation indices,
http://www.unil.ch/izea/softwares/fstat.html).

Virtual trios were generated with randomly selected individuals
and their possible offspring. Allele frequencies were estimated from
the general database (coastal area) and from the specific database
(the valley of the alleged father). Paternity indices (likelihood ra-
tios) derived from autosomal STRs were computed with PATCAN
software [9].

Matching probabilities for each haplotype were calculated as
the haplotype frequency in each database. For the purposes of this
study, in the case of haplotypes not found in a given database, a
minimum frequency of 0.01 was considered. Likelihood ratios were
estimated as the inverse of the matching probability. A bayesian
estimation of the posterior probability was done with the following
formulae implemented in a spreadsheet:

Posterior probability = Posterior odds/(1 + Posterior odds)

where

Posterior odds = Prior odds × Likelihood ratio
Prior odds = Prior probability/(1 − Prior probability)

Estimations were computed for three scenarios with different as-
sumptions of a priori probabilities: 0.1 (odds 1:9), 0.5 (odds 1:1),
and 0.9 (odds 9:1).

Results

Autosomal STRs

As previously reported [10], allele frequencies in the coas-
tal area were similar to those found in other Caucasian
populations. However, statistically significant differences
between the three populations studied were found in four
out of the nine loci analysed (D3S1358, p=0.003; D18S51,
p=0.001; D5S818, p=0.004; and D7S820, p=0.011). The
overall Fst value was 0.4% (p=0.001). Pairwise compar-
isons resulted in the following Fst values: Coast-Liébana,
0.13% (p=0.03); Coast-Pas, 0.55% (p=0.02); Pas-Liébana,
0.52% (p=0.02).

Since the Pas valley population appeared to be the most
differentiated, it was chosen to analyse the forensic im-
pact of the differences. Thus, paternity indices (likelihood
ratios) and probabilities were calculated from 80 virtual
trios from the Pas valley population data. As shown in
Fig. 1, using the general database resulted in a slight over-
estimation of paternity indices. However, it was of little
practical importance. With an a priori probability of 10%,
post-test probability of paternity was higher than 99.73%

in 69 out of 80 trios, using the specific Pas valley data-
base, and in 75 using the coast database frequencies. All
trios associated with a paternity probability higher than
99.73% using the coast database were associated with a
probability higher than 97.9% when the specific Pas data-
base was used. With a priori probabilities of 0.5 or higher,
post-test probabilities of paternity were higher than 99.73%
in all cases using the Coast database, and in all but two
cases using the Pas database (99.27% and 99.63%, re-
spectively).

Y-chromosome STRs

There were marked differences among populations in allele
frequencies at loci DYS19 (p=0.018), DYS389-II (p<0.001),
DYS390 (p<0.001), DYS391 (p=0.006) and DYS392
(p=0.001). There were no significant differences in allele
frequencies at loci DYS389-I (p=0.13) and DYS393
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Fig. 1 Paternity indices (likelihood ratios) in 80 virtual trios with
fathers from the Pas valley. The results obtained by using the spe-
cific valley database and the general database from the population
in the coast area are compared

Fig. 2 Estimation of matching probability from Y-STR haplotype
analysis of subjects from the Pas valley. The haplotypes of the 100
individuals in the database are representend successively along the
horizontal axis. The Y axis show the ratio of the values estimated
using the specific Pas valley database, to those obtained using the
general coastal database (higher values of matching probability are
associated with lower likelihood ratios and less evidence for iden-
tity)



(p=0.16). Consequently, the populations also showed marked
differences when the results were analysed at the haplo-
type level, with an overall Fst of 3% (p<0.001).

We estimated matching probabilities for each haplo-
type found in the Pas valley population using both the
database of coastal haplotypes and the specific valley data-
base. As shown in Fig. 2, using coastal database matching
probabilities were usually underestimated (and subse-
quently resulted in higher likelihood ratios). In 30% of
Pas haplotypes the differences were 5-fold or higher. Since
sampling error might influence the results, we also ana-
lysed another 15 samples from unselected individuals be-
longing to the coastal population who had not been in-

cluded in the database. Matching probabilities and hence
likelihood ratios were estimated before and after includ-
ing those haplotypes into the database. In 14 cases likeli-
hood ratios did not appreciably change; in 1 case it was
1.3-fold higher before including the actual haplotype into
the database.

To analyse the impact of those differences on the esti-
mation of identity probabilities, we compared posterior
probabilities estimated with the likelihood ratios derived
from either the coastal or the specific valley databases,
under different scenarios. As shown in Fig. 3, the bias
caused by using the general database instead of the spe-
cific one was higher in the low pre-test probability scena-
rio, than under those with medium or high a priori suspi-
cion. With a priori probabilities of 50% or higher, little
difference existed among the results obtained using differ-
ent databases.

Discussion

In the present study STR analysis revealed a population
structure at the microgeographical level, even in the ab-
sence of obvious language or ethnic differences. The dif-
ferences were more marked in Y-chromosome than in au-
tosomal loci, as indicated by Fst values 10-fold higher in
the former. Thus, the results confirm the greater ability of
Y-STRs to detect population structure. The smaller effec-
tive population size of Y-chromosomes (there are four au-
tosomes and three X-chromosomes every Y-chromosome)
and the lack of recombination make them more easily in-
fluenced by genetic drift, founder effects and other forces
causing differences among populations.

There is general agreement about the value of the bay-
esian approach as a logical and coherent framework for
the interpretation of genetic forensic evidence. Bayes’ theo-
rem has two components. On the one hand, the expert
summarises DNA typing results, usually as a likelihood
ratio, that represents the ratio of the probabilities of ob-
serving the data under the two competing hypotheses (i.e.,
the sample corresponds to the subject or to an unrelated
person; the true father is the alleged father or an unrelated
person). The other component, established not by the ex-
pert, but by the judge, represents the beliefs generated
from all other evidence external to the test result. A re-
cently published nomogram may help in relating both
components [11].

It has been recommended to consider the influence of
population structure and sampling error when analyzing
the value of evidence resulting from non-recombining
DNA regions, such as mitochondrial DNA and Y-STRs,
and different approaches have been suggested and tested
[12]. However, the real effect of ignoring population struc-
ture in the final decisions made by the judge is unknown.

In this study we used a simple bayesian approach and
estimated the differences in post-test probabilities depend-
ing on the reference database considered, under different
scenarios of pre-test probabilities. The results of our an-
alysis suggest that at this level of differentiation, the bias
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Fig. 3 Post-test identification probabilities (i.e., probability that
the sample comes from the suspect) from Y-STR haplotype analy-
sis if the general database is used as the reference (circles), in com-
parison with the results obtained when the specific Pas valley data-
base is used (crosses). Results corresponding to the haplotypes in-
cluded into Pas database are represented successively along the
horizontal axis. Three different scenarios of “a priori” probabilities
are assumed: 0.1 (top panel), 0.5 (middle panel) and 0.9 (lower
panel). Note the different scales used
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caused by using a general database for autosomal STRs is
not great in most cases. The data also suggest that evi-
dence supplied by Y-STR analysis, added to other studies,
may also help in resolving forensic cases, even in the ab-
sence of a specific subpopulation database. However, since
Y-chromosome STRs are more likely to reveal population
sub-structure, care should be taken in drawing conclu-
sions merely on Y-STR haplotype data. Using a general
database instead of the specific one may result in a rele-
vant overestimation of the likelihood ratio. This may have
a significant impact on post-test probability, particularly
when a priori odds of suspicion are low. A further issue is
the choice of how many loci should be analysed, as there
is no a lineal direct relationship between the number of
loci typed and haplotype diviersity [13].

In order to obtain reliable frequency estimates, interna-
tional efforts are being made to build large databases of
Y-STR haplotypes [14]. Nevertheless, as for mitochondrial
DNA [12], corrections of estimates by sampling errors
should be done when reporting the value of evidence in
forensic cases. In addition, relatively isolated European
populations should be studied in order to improve our un-
derstanding of population genetics of Y-STRs at the local
level. The assumption of within-population haplotype fre-
quency homogeneity may not hold for those isolated
groups. Provided the data are available, this issue could be
addressed by introducing Fst values into the calculations,
as suggested by Balding and Nichols [15]. Our results
suggest that if the issue is not taken into consideration, in-
terpretation errors could occur, particularly with a low a
priori odds of suspicion.
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