
Abstract Blood samples from 409–452 unrelated Colom-
bian Caucasian-Mestizo individuals were amplified and
typed for six short tandem repeat (STR) markers
(HUMF13A01, HUMFES/FPS, HUMVWA, HUMCSF1PO,
HUMTPOX, HUMTH01). The allele frequencies, geno-
type frequencies, heterozygocity, mean paternity exclu-
sion chance, polymorphism information content, discrim-
ination power, assumption of independence within and
between loci and Hardy Weinberg equilibrium were deter-
mined. The results demonstrate that all markers conform
to Hardy-Weinberg equilibrium expectations. In addition,
the results demonstrate the assumption of independence
within and between the loci analysed. The mean exclusion
chance (MEC) was 0.9851 for all six STR loci analysed
and the discrimination power (DP) was 0.9999973. There-
fore, this Colombian population database can be used in
identity testing to estimate the frequency of a multiple
PCR-based locus DNA profile in forensic cases as well as
in paternity testing.
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Introduction

Short tandem repeats (STR) are widely used in forensics
as well as in paternity testing [1–4]. However, a popula-
tion database for the relevant population must be estab-

lished for statistical evaluation of the evidence. Few STR
studies exist in South America native and mestizo popula-
tions [5–7]. Extensive work may be required in this field
due to different genetic admixture processes that took
place in different South American countries since the dis-
covery of America in 1492. On the other hand, extensive
studies of STR profiles have been carried out for the an-
cestral Spanish and Portuguese populations [8–13].

The population of Colombia with nearly 41 million
people is composed of three ethnic groups [14]. The Cau-
casian-mestizo population represents the majority of the
population, composed mainly of Spanish descent and in a
minor degree of other European, Arab and Jewish popula-
tions. However, in certain regions (Pacific coast, Caribbean
coast and islands) the Colombians of African origin are
the main predominant group [15]. The third ethnic group,
the Amerindians are located mainly in the plains, the
Amazonian jungle, in some regions of the Colombian An-
des (southwest) and in the northeast section of the country
[16, 17]. Previous studies have revealed different degrees
of genetic admixture in different regions of the country
[18]. In the Andean region the Caucasian-Mestizo popula-
tion predominates showing different degrees of admix-
ture, mainly with Amerindians [18]. Thus, a gradient of
admixture was found where the Amerindian component is
stronger in the southwest section decreasing towards the
north section of the Andes where the Caucasian compo-
nent is stronger. In the Pacific and Caribbean coast indi-
viduals of African origin predominate where different de-
grees of admixture are present [18].

To our knowledge, this study represents the first report
of STR allele frequencies obtained from a Caucasian/
Mestizo population sample from the Andean Region of
Colombia (n = 409–452) for the six STR loci. HUMTH01
(11p15.5), HUMTPOX (2p13), HUMCSF1PO (5q33.5-
q34), HUMVWA (12p12-pter), HUMFES/FPS (15q25-
qter) and HUMF13A01 (6p24-p25).
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Materials and methods

Sample preparation

Whole blood was obtained after informed consent from unrelated
individuals requesting paternity testing studies. Genomic DNA
was extracted by the Quick light DNA isolation kit (Lifecodes
Corporation, Stanford, Conn.) or by the Wizard Genomic DNA
isolation kit (Promega Corporation, Madison, Wis.) following the
manufacturer’s recommendations.

PCR amplification and typing

The HUMTH01, HUMTPOX, HUMCSF1PO (CTT) and HUMVWA,
HUMF13A01, HUMFES/FPS (FFv) loci were amplified using two
triplex systems. The reaction assay and the amplification condi-
tions were performed using GenePrint STR systems (Promega
Corporation) according to the manufacturer’s recommendations in
a PTC100 thermocycler (MJResearch, Watertown, Mass.). The
PCR amplification conditions were identical to those recom-
mended by the manufacturer for the PE480 thermal cycler. The
PCR products were resolved in 4% acrylamide-bis-acrylamide de-
naturing gels following the manufacturers recommendations and
detected by silver nitrate staining [11].

Allele designations were made according to recommendations
of the DNA Commission of the International Society for Forensic
Haemogenetics [19] with the aid of the allelic ladders provided by
the manufacturer. A total of 410 unrelated individuals were
analysed for HUMCSF1PO, 414 for HUMTPOX, 409 for
HUMTH01, 448 for HUMF13A01, 450 for HUMFES/FPS and
452 for HUMVWA.

Statistical analysis

Statistical evaluations were performed using a HWE-analysis soft-
ware package (HWE-Analysis, Version 3.3. Christoph Puers, In-
stitute of Legal Medicine, University of Münster). Analyses in-
cluded the possible divergence from Hardy-Weinberg expectations

and other parameters of forensic importance such as observed and
expected heterozygosities [20], mean exclusion chance (MEC)
[21], mean paternity exclusion probability (MEP) [22], polymor-
phic information content (PIC) [23] and discrimination power
(DP) [24]. The possible associations between loci were tested us-
ing the computer program GDA (Lewis PO, Zaykin D 1996. 
Genetic Data Analysis. Software for the analysis of discrete 
genetic data. Computer program distributed by the authors.
http//chee.unm.edu/gda/).

Results and discussion

The observed allele frequencies for the six STR loci in the
Colombian Caucasian/mestizo population sample are
shown in Table 1. The results of the different procedures
for testing the correspondence of the genotype frequen-
cies with the HWE proportions are shown in Table 2. The
genotype frequency distributions for most of the loci do
not deviate from HWE expectations based on the χ2-test,
the logarithmic likelihood ratio (G) test and the exact test
[25] (in all cases, the data were shuffled 2000 times).
HUMFES/FPS and HUMTPOX show differences with
the χ2-test, (marked with an asterisk) but this is not as
meaningful test for HWE as the exact test. In addition, the
test based on the number of distinct genotypes observed in
the sample population shows that the observed numbers
of distinct heterozygote and homozygote genotypes [26]
are in accordance with their respective HWE predictions
(data not shown).

Minimum allele frequencies for PCR-based loci, based
on statistical and population genetics theory [27–29],
were determined (Table 1). Thus, a greater confidence of
the DNA profile frequency estimates can be attained with
current size databases.
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Table 1 Observed allele fre-
quencies for six STR loci n
Caucasian-Mestizos from
Colombia

n = sample size

Allele TH01 TPOX CSF1PO VWA FES/FPS F13A01
(n = 409) (n = 414) (n = 410) (n = 452) (n = 450) (n = 448)

3.2 0.21987
4 0.09040
5 0.00367 0.19978
6 0.37286 0.00725 0.19085
7 0.23227 0.00121 0.00854 0.00444 0.26339
8 0.09046 0.49034 0.01341 0.00889 0.00335
9 0.14059 0.06280 0.02805 0.00222
9.3 0.14059

10 0.01956 0.04348 0.23659 0.20000
11 0.29469 0.25488 0.52000
12 0.09058 0.38415 0.18111 0.00335
13 0.00966 0.06341 0.07667 0.00223
14 0.00854 0.06858 0.00667 0.00558
15 0.00244 0.06969 0.01116
16 0.32854 0.01004
17 0.31195
18 0.16925
19 0.04204
20 0.00996
Minimum 0.00731 0.00660 0.00690 0.00650 0.00600 0.00670
frequency



Table 3 shows several statistical parameters of forensic
importance, such as expected and observed heterozygosi-
ties, mean exclusion chance (MEC), mean paternity ex-
clusion, mean paternity exclusion probability (MEP),
polymorphic information content (PIC) and discrimina-
tion power (DP). The mean exclusion chance (MEC) for
the six STR loci analysed was 0.9851 and the discrimina-
tion power (DP) was 0.9999973.

An analysis was performed to determine whether there
were any detectable associations between any pairs of the
loci (Table 4). There was one example of departure out of
a total of 15 interclass correlation tests, which is approxi-
mately 6.6% of the comparisons and near to the expected.
The departure from expectations (marked with an aster-
isk) was between the vWA/TPOX loci (p = 0.033). After
applying a Bonferroni correction (used for correcting
when multiple test are performed on a population sample)
[30], the data suggest that overall there is little evidence
for departures from independence for the sample popula-
tion.

A comparison of the allele frequencies in the popula-
tion under study with those of previous studies in several
Spanish populations (Galicia [8, 12], Northeast Spain [9],
Basque Country [10], and Central Spain [11]) revealed
significant differences (p < 0.001) in all the loci analysed.

These results are likely due to the admixture process dur-
ing the last 500 years.

In conclusion, a population database of Caucasian-
Mestizos from Colombia has been established for the loci
HUMTH01, HUMTPOX, HUMCSF1PO, HUMVWA,
HUMFES/FPS and HUMF13A01. The combined power
of exclusion is estimated as 98.51% and the combined
power of discrimination is 99.99973%.
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