
Abstract Frequency data of the short tandem repeat
(STR) loci D3S1358, vWA, FGA, D8S1179, D21S11,
D18S51, D5S818, D13S317, D7S820, HUMTH01,
D4S243, D18S535, HUMF13A1 and D12S391 were de-
termined in the Puna population (Andean region from north
western Argentina). In this study, 5 out of the 14 loci did
not meet Hardy-Weinberg expectations. The excess of ho-
mozygotes observed in most of the markers could be due
to a Wahlund effect and/or inbreeding. The frequencies
were significantly different from those of other compared
populations from Europe and America. Forensic param-
eters indicated that the 14 loci studied in the Puna region
are highly discriminating, but the lack of Hardy-Weinberg
equilibrium in some of the markers must be taken into ac-
count in the application of these results to paternity and
forensic casework.

Keywords Short tandem repeats (STRs) · Profiler · 
Population genetics · Andean populations · Puna · North
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Introduction

Different methodologies have been used in studies on ge-
netic variability in human populations to assess their ge-
netic composition, their relationships and the evolutionary
factors to which they are subjected, as well as for forensic

purposes. Among these, short tandem repeats (STRs) have
been increasingly used in the last decade because of their
high level of informativeness (Tautz 1989; Edwards et al.
1991; Gill et al. 1995; Brinkmann 1996; Peréz-Lezaun et
al. 2000; Tomàs et al. 2000, among others).

The Puna region in the Province of Salta (NW Ar-
gentina) is a typical Andean plateau at high altitude with
arid or semi-arid conditions. The populations in this re-
gion have extremely marginal conditions, characterised by
low temperatures, low oxygen pressure and poor soils. In
addition, they are separated from other urban populations
by poor and difficult roads. All these factors contribute to
the isolation of these populations. There is little reliable
information on the structure of the population in north
western Argentina before contact with Europeans in the
late fifteenth century. In addition, the lack of historical
data for the post-contact period means that the exact ori-
gin or the degree of admixture of the inhabitants of this re-
gion (Lorandi 1992; Acreche and Smith 2001) is also un-
known.

The settlement model in the Puna region is a disperse
one with a low population density. In this Andean area,
San Antonio de los Cobres (altitude 3,880 m) is the most
populated locality (approx. 3,000 inhabitants) and it has
public services such as health and education that people
from the whole Puna region attend. Additionally, Cobres
is a locality 71 km away from San Antonio de los Cobres,
at an altitude of 3,850 m and with a total population of 
141 individuals when the samples were collected.

Demographic and a few genetic data for these popula-
tions, based on blood groups and cytogenetic techniques,
have been published elsewhere (Acreche et al. 1996, 1999;
Acreche and Smith 2001; Caruso et al. 1999a, 1999b) but
no data on STRs have been published to date.

The purpose of the present study was to report data on
the STR frequencies in the population living in the Puna
region for the application of these markers in forensic in-
vestigations and in population studies. Moreover, a com-
parison with European and other American populations
was performed and forensically relevant parameters were
calculated.
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Materials and methods

Blood samples from 107 unrelated individuals were collected and
frozen at –20°C. Samples were collected in Cobres (at the school)
(n = 17) and in San Antonio de los Cobres (n = 90, most of them
at the hospital). According to genetic demographic information,
these 90 samples were taken from individuals from different local-
ities of the Puna area (Salta).

DNA was organically extracted by a standard protocol (Sam-
brook et al. 1989) and quantified spectrophotometrically. The STRs
studied were D3S1358, vWA, FGA, D8S1179, D21S11, D18S51,
D5S818, D13S317, D7S820, HUMTH01, D4S243, D18S535,
HUMF13A1 and D12S391. The co-amplification of the first nine
STR loci was performed using the AmpFlSTR Profiler Plus PCR
amplification kit (PE Applied Biosystems) following the manufac-
ture’s instructions. PCR amplification of the other five tetrameric
STR systems (HUMTH01, D4S243, D18S535, HUMF13A1 and
D12S391) was achieved in singleplex under standard conditions.
HUMF13A1 and D12S391 were analysed by using fluorescently
labelled primers (JOE and 5-FAM, respectively). The HUMTH01
system was analysed using a GenePrint STR Systems kit (Promega).
All loci were amplified in a GeneAmp PCR System 2400 (PE Ap-
plied Biosystems).

The nine markers amplified with the Profiler Plus, as well as
the HUMF13A1 and D12S391, were analysed on an ABI Prism
310 DNA sequencer (PE Applied Biosystems). Samples (0.5 µl)
were mixed with formamide (20 µl) and the internal standard size
(GS-350 ROX) and denatured at 97°C for 5 min. GeneScan 2.1
analysis software was used for the interpretation of the results. Al-
lele resolution of the HUMTH01, D4S243 and D18S535 systems
was undertaken in non-denaturing conditions using 6% PAGE on
a 0.75 mm thick gel. Alleles were visualised after gel staining with
an ethidium bromide solution (Pérez-Lezaun et al. 1997). In all
cases, standard size markers and specific allele ladders were used
for allele designation.

The sequence analysis of one novel allele was carried out by
isolating the amplified alleles from heterozygous individuals using
the “crush and soak” method (Sambrook et al. 1989). Isolated frag-
ments were reamplified and purified by using the QIAquick PCR
purification kit (Qiagen). The sequence reaction was carried out
using the BigDye Terminator Cycle Sequencing Ready Reaction
kit (PE Applied Biosystems). Sequences were analysed on an ABI
Prism 310 DNA sequencer (PE Applied Biosystems). Sequencing
Analysis version 3.0 was used for the automatic analysis of the se-
quenced data.

Statistical analyses

Allele frequencies were estimated by the gene counting method.
The Hardy-Weinberg (HW) equilibrium was tested by calculating
the exact p-values as proposed by Guo and Thompson (1992) and
the deficiency of heterozygotes with the GENEPOP programme
(Raymond and Rousset 1995). Independence among loci was esti-
mated by means of genotype disequilibrium for each locus pair us-
ing Fisher’s method (Raymond and Rousset 1995). When appro-
priate, the Bonferroni procedure (Weir 1996) was used to correct
for multiple analyses.

The following European and American populations from the
literature were used for comparisons: Italy (Garofano et al. 1998);
Spain: Majorca (Tomàs et al. 2001a, 2001b), Catalonia, Andalusia,
Basques (Gené et al. 1997; Gamero et al. 1998; García et al. 1998;
Pérez-Lezaun et al. 2000), Galicia (Gusmão et al. 2000), Canary
Isles (Gamero et al. 2000), Central Spain (Instituto Nacional de
Toxicologia-GEP); Portugal, Azores (Souto et al. 1998; Corte-Real
et al. 1999; Anjos et al. 2000; Pérez-Lezaun et al. 2000); USA
(Kupferschmid et al. 1999); Colombia (Yunis et al. 2000); Chile
(Figueroa et al. 2000); Uruguay (Pagano et al. 2001); Hispanics,
Bahamias, Jamaicans, Trinidadians, African Americans (Budowle
et al. 1999); Brazil: Sao Paulo, Amazonas (Corte-Real et al. 2000)
and Argentina: Buenos Aires, Mapuches, Tehuelches, Wichis
(Sala et al. 1999; Gangitano et al. 2001). Due to the lack of data in
the literature on D4S243, D18S535 and D12S391, these markers
were not included in these analyses. Comparisons between popula-
tions were calculated by means of the FST statistic (Wright 1951)
with the BIOSYS-1 program (Swofford and Selander 1989), using
the maximum number of loci available for every pair of popula-
tions. Two neighbor-joining dendrograms (Saitou and Nei 1987)
based on Reynolds’ genetic distance (Reynolds et al. 1983) were
built. Dendrogram robustness was assessed by carrying out 1,000
bootstrap iterations using the PHYLIP package (Felsenstein 1993).

Furthermore, the potential usefulness of the markers from a
forensic point of view was evaluated by means of the power of dis-
crimination (PD) following Fisher’s method (Fisher 1951), the ob-
served and expected heterozygosity (1-Σpi

2 where pi is the fre-
quency of the ith allele in the locus), the a priori chance of exclu-
sion if the mother is known and typed (CE) (Chakravarti and Li
1983) and the probability of paternity exclusion if only one parent
and child are typed (CE2) (Chakraborty and Jin 1993).
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Table 2 Statistical parameters for the STRs studied in the Puna population (H heterozygosity, PD power of discrimination, CE chance
of exclusion, CE2 chance of exclusion if only one parent and child are typed

System Number of H Deficiency of P exact test PD CE CE2
alleles obs/exp heterozygotes

D3S1358 7 0.600/0.633 0.3653 0.1199 0.797 0.363 0.212
vWA 8 0.629/0.693 0.0000 0.0234 0.855 0.452 0.281
FGA 16 0.827/0.862 0.0005 0.0000 0.968 0.731 0.575
D8S1179 10 0.778/0.808 0.0002 0.2824 0.934 0.620 0.444
D21S11 13 0.796/0.843 0.0020 0.1953 0.954 0.681 0.513
D18S51 14 0.837/0.876 0.0014 0.2769 0.970 0.742 0.587
D5S818 7 0.613/0.723 0.0000 0.0002 0.886 0.503 0.321
D13S317 7 0.750/0.794 0.0087 0.0025 0.926 0.594 0.415
D7S820 8 0.728/0.705 0.0000 0.0000 0.862 0.460 0.289
HUMTH01 5 0.610/0.685 0.0087 0.0001 0.847 0.432 0.262
HUMF13A1 6 0.711/0.713 0.4199 0.9422 0.881 0.493 0.310
D4S243 8 0.794/0.732 0.9372 0.1705 0.839 0.444 0.277
D18S535 7 0.727/0.770 0.0790 0.0074 0.909 0.552 0.374
D12S391 9 0.738/0.737 0.6068 0.2603 0.883 0.497 0.323
Average 8.9 0.723/0.755 – 0.0000 1/3.217 E+14 0.999988 0.998816
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Fig.1 A Neighbor-joining den-
drogram based on Reynolds’
genetic distance for 19 Euro-
pean and American popula-
tions and the 9 STRs markers
of the Profiler kit. The num-
bers indicate the bootstrap val-
ues (>50) in percentages (ITA
Italy, MAJ Majorca, CAT Cata-
lonia, AND Andalusia, BAS
Basques, GAL Galicia, CAN
Canary Islands, MAD Central
Spain, POR Portugal, AZO
Azores, USA USA, HIS His-
panics, BAH Bahamians, JAM
Jamaicans, TRI Trinidadians,
AFA African Americans, SAO
Sao Paulo, AMA Amazon and
PUNA Puna region). B Neigh-
bor-joining dendrogram based
on Reynolds’ genetic distance
for 12 European and South
American populations and 
5 STRs (TH01, F13A1, vWA,
D7S820, D13S317). The num-
bers indicate the bootstrap val-
ues (>50) in percentages (ITA
Italy, BAS Basques, GAL Gali-
cia, MAD Central Spain, POR
Portugal, SAO Sao Paulo, AMA
Amazon, BUA Buenos Aires,
MAP Mapuches, TEH Tehuel-
ches, WIC Wichis and PUNA
Puna region)



Results and discussion

Allele frequencies of the 14 STR loci investigated are
shown in Table 1. In the D18S51 marker, one new allele
not yet described in the literature was found in the Puna
population which had an electrophoretic mobility corre-
sponding to an allele 7. Sequencing data have confirmed
that it had seven units of the repetitive motif (AGAA).
When the Hardy-Weinberg equilibrium test (Table 2) was
calculated by the exact p-values, 7 out of 14 tests were
significant. When the Bonferroni correction for multiple
tests was applied, five out the seven previous p-values re-
mained significant. Moreover, the test for deficiency of
heterozygotes was also significant for these five markers
(FGA, D5S818, D13S317, D7S820 and HUMTH01).

Taking into account that 10 out of the 14 markers stud-
ied showed an excess of homozygotes, the lack of equi-
librium could be due to inbreeding (the coefficient of in-
breeding F in these 10 systems ranged from 0.04 to 0.15).
Moreover, demographic data and previous studies on
blood groups in localities of the Puna region have also in-
dicated high inbreeding coefficients (Acreche and Smith
2001). However, it must be pointed out that the number of
alleles and other parameters of variability (PD and CE)
(Table 2) were, in general, within the range of those found
in other Caucasian populations studied. Thus, these pa-
rameters were not as low as we could have expected due
to endogamy. The fact that most of the samples were col-
lected in San Antonio de los Cobres from individuals liv-
ing in smaller localities, in conjunction with the conclu-
sions of Acreche and Smith (2001) that the Puna region
could be composed of semi-isolated demes with differ-
ences between frequencies in some blood groups, could
lead to the conclusion that the deficiency of heterozygotes
observed in this study may be the result of the Wahlund
effect. Nevertheless, it is not always easy to determine if a
deficit of heterozygotes is due to inbreeding or to the
Wahlund effect (Hedrick 2000). However, the heterozy-
gote frequency of all the loci should be affected by in-
breeding, whereas only the heterozygote frequency of
those loci with allelic frequency variation in subpopula-
tions should be reduced by the Walhund effect. In the
markers studied in the Puna region, 10 showed a deficit of
heterozygotes, 2 showed an excess of heterozygotes and 
2 the number of expected heterozygotes. Therefore, we
cannot discard the conclusion that the lack of equilibrium
is due to the Walhund effect. Moreover, and supporting
this hypothesis, when the samples collected from Cobres
are excluded, the rest of samples are still in disequilib-
rium, while that from Cobres agrees with HW equilibrium.
It would be convenient to study the frequency of STRs in
different localities of this region in greater depth in order
to understand the possibly complex genetic structure of
the population of the Puna area better and unravel the dif-
ferent evolutionary factors that could have affected it.

When the pair-wise comparisons between loci were
carried out, 7 out of 91 tests were significant. When the
Bonferroni procedure was applied, there was no evidence

of significant allele association, with the exception of the
D3S1358-FGA and D3S1358-D12S391 pairs.

The comparisons between this population and other
American and European populations were calculated by
means of the FST values. Statistically significant differ-
ences were found between the Puna population and all the
other populations. Figure 1A shows the neighbour-joining
tree based on Reynolds’ genetic distance. It can be seen
that most of the European and USA populations occur in
a central cluster with no internal structure, as reflected by
the short interpopulation branches and low bootstrap val-
ues. Basques (who are known to differ genetically from
other Spanish and European populations) were linked to
the tree through a longer branch. The Caribbean popula-
tions, together with African Americans, clustered in a sec-
ond and significatively differentiated branch (98%) and
the South American populations included in this analysis
clustered on a third group with the Hispanics. In this
group, the Sao Paulo population was closer to European
and USA populations, while the populations of Amazo-
nia, Hispanics and Puna were on the longest and most ro-
bust branch (99.6% of the bootstrap replications) with the
Puna clearly being the most differentiated population. In
Fig.1B it can be seen that most of the South American
populations were linked to the tree through a longer and
robust (100%) branch. Puna is grouped with Amerindians,
reflecting the Amerindian component that this population
must have, although considerable distance between them
can be observed.

Statistical parameters of genetic variability, such as
heterozygosity and the number of alleles, are presented in
Table 2. All the systems showed heterozygosity values ≥
60%, with a mean value of 0.723, which is lower than the
average detected in Caucasians (approx. 0.8). The number
of alleles ranged from 5 to 16. Some parameters of foren-
sic interest are also shown in Table 2. The 14 loci showed
a combined discrimination power (PD) of 1 in 3.217 E+14
individuals and a combined chance of exclusion (CE) of
0.999988. Even when only one parent and child were
typed the CE was 0.998816.

Therefore, the a priori statistical power of this set of
STRs in the Puna region indicated that they were very in-
formative, although the lack of Hardy-Weinberg equilib-
rium in some of the markers must be taken into account in
the application of these results in paternity and forensic
casework. The genetic differences found between differ-
ent South American populations support the importance
of developing more detailed local databases for forensic
DNA purposes, based on reference data from each of the
appropriate populations and not on general databases based
on random or combined samples.
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References

Acreche N, Smith P (2001) Endogamy in the Puna populations in
North Argentina. Hum Biol (submitted)

Acreche N, Caruso GB, Albeza MV (1996) Distancias genéticas
en poblaciones del NOA. Rev Argent Antropol Biol 1:139–152

Acreche N, Broglia V, Caruso GB, Albeza MV (1999) Chicoana
(Salta): Genética y población. Rev Argent Antropol Biol 2:
257–266

Anjos MJ, Carvalho M, Andrade L, Corte-Real F, Vieira DN, Vide
MC (2000) Allele frequencies of STR multiplex systems in two
Portuguese population samples. In: Sensabaugh G, Lincoln PJ,
Olaisen B (eds) Progress in forensic genetics 8. Elsevier, Ams-
terdam, pp 208–211

Brinkmann B (1996) The STR approach. In: Carracedo A, Brink-
mann B, Bär W (eds) Advances in forensic haemogenetics 6.
Springer, Berlin Heidelberg New York, pp 41–51

Budowle B, Tamyra RM, Baumstark AL, Defenbaugh DA, Kath-
leen MK (1999) Population data on the thirteen CODIS core
short tandem repeat loci in African Americans, U.S. Cau-
casians, Hispanics, Bahamians, Jamaicans, and Trinidadians. 
J Forensic Sci 44:1277–1286

Caruso GB, Acreche N, Albeza MV (1999a) Polimorfismos hema-
tológicos en Santa Rosa de los Pastos Grandes (Salta). Rev Ar-
gent Antropol Biol 2:227–242

Caruso GB, Albeza MV, Acreche N, Broglia V (1999b) Grupos
sanguíneos y demografía en localidades Puneñas de la Provin-
cia de Salta. Rev Argent Antropol Biol 2:243–256

Chakraborty R, Jin L (1993) Determination of relatedness between
individuals using DNA fingerprinting. Hum Biol 65:875–895

Chakravarti A, Li CC (1983) The effect of linkage on paternity cal-
culation. In: Walker RH (ed) Inclusion probabilities in parentage
testing. American Association of Blood Banks, Arlington, Va,
pp 411–422

Corte-Real F, Souto L, Anjos MJ, Carvalho M, Vieria DN, Car-
racedo A, Vide MC (1999) Population study of HUMTH01,
HUMVWA31/A, HUMF13A1, and HUMFES/FPS systems in
Azores. J Forensic Sci 45:432–435

Corte-Real F, Andrade L, Anjos MJ, Carvalho M, Vieria DN, 
Carracedo A, Vide MC (2000) Population genetics of nine STR
loci in two populations from Brazil. J Forensic Sci 45:432–435

Edwards A, Citivello A, Hammond HA, Caskey CT (1991) DNA
typing and genetic mapping with trimeric and tetrameric tan-
dem repeats. Am J Hum Genet 49:746–756

Felsenstein J (1993) PHYLIP (Phylogeny Inference Package) ver-
sion 3.5c, Distributed by the author, Department of Genetics,
University of Washington, Seattle

Figueroa CC, Acuna M, Cifuentes L (2000) Gene frequencies for
six STR loci in a Chilean population of mixed ancestry. J Foren-
sic Sci 45:742–743

Fisher R (1951) Standard calculations for evaluating a blood sys-
tem. Heredity 5:95–102

Gamero JJ, Souto L, Vieira DN, Vizcaya MA, Arufe MI, Feliu
MM, Vide MC, Romero JL (1998) Population study of the
HUMVWA, HUMTH01, HUMFES and HUMF13A1 STR poly-
morphisms in the South-West of Spain. In: Olaisen B, Brink-
mann B, Lincoln PJ (eds) Progress in forensic genetics 7. Else-
vier, Amsterdam, pp 366–368

Gamero JJ, Romero JL, Arufe MI, Suarez J, Cuesta MI, Carvalho
M, Anjos MJ, Corte-Real F, Vieira DN, Vide MC (2000)
Analysis of allele distribution for nine short tandem repeat loci
in autochthonous Canary Islands and immigrant Central West
African populations. In: Sensabaugh G, Lincoln PJ, Olaisen B
(eds) Progress in forensic genetics 8. Elsevier, Amsterdam, 
pp 224–226

Gangitano DA, Juvenal GJ, Lorente JA, Budowle B, Padula RA
(2001) Population data on eight STR loci in Buenos Aires (Ar-
gentina). Forensic Sci Int 46:183

García O, Martin P, Budowle B, Uriarte J, Albarran C, Alonso A
(1998) Basque Country autochthonous population data on 7 short
tandem repeat loci. Int J Legal Med 111:162–164

Garofano L, Pizzamiglio M, Vecchio C, Lago G, Floris T,
D’Errico G, Brembilla G, Romano A, Budowle B (1998) Ital-
ian population data on thirteen short tandem repeat loci:
HUMTH01, D21S11, D18S51, HUMVWFA31, HUMFIBRA,
D8S1179, HUMTPOX, HUMCSF1PO, D16S539, D7S820,
D13S317, D5S818, D3S11358. Forensic Sci Int 97:53–60

Gené M, Huguet E, Moreno P, Corbella J, Schwartz DWM, Glock B
(1997) Population study of the STRs HUMCD4 and HUMF13A1
in Catalonia (Northeast Spain). Int J Legal Med 110:44–45

Gill P, Kimpton CP, Urquhuart A, Oldroyd N, Millican ES, Wat-
son SK, Downer TJ (1995) Automated short tandem repeat
(STR) analysis in forensic casework: a strategy for the future.
Electrophoresis 16:1543–1552

Guo S, Thompson E (1992) Performing the exact test of Hardy-
Weinberg proportion for multiple alleles. Biometrics 48:361–372

Gusmão L, Sánchez-Diz P, Alves C, Lareu MV, Carracedo A,
Amorim A (2000) Genetic diversity of nine STRs in two north-
west Iberian populations: Galicia and northern Portugal. Int J
Legal Med 114:109–113

Hedrick PW (2000) Genetics of populations. Jones and Bartlett,
Sudbury Massachusetts

Kupferschmid TD, Calicchio T, Budowle B (1999) Maine Cau-
casian population DNA database using AmpFlSTR profiler and
profiler plus PCR amplification kits. J Forensic Sci 44:392–395

Lorandi AM (1992) 500 años de mestizaje en Los Andes. Museo
Nacional de Etnologia, Osaka. Senori Ethnological Studies
33:133–166

Pagano S, Alvarez JC, Entrala C, Lorente JA, Lorente M, Budowle
B, Villanueva E (2001) Uruguayan population data for eight
STR loci (using the PowerPlex 1.2TM kit). J Forensic Sci 46:178

Pérez-Lezaun A, Calafell F, Mateu E, Comas D, Ruiz-Pacheco R,
Bertranpetit J (1997) Microsatellite variation and the differen-
tiation of modern humans. Hum Genet 99:1–7

Pérez-Lezaun A, Calafell F, Clarimón J, Bosch E, Mateu E, Gus-
mão L, Amorin A, Benchemsi N, Bertranpetit J (2000) Allele
frequencies of 13 short tandem repeats in population samples
of the Iberian Peninsula and Northern Africa. Int J Legal Med
113:208–214

Raymond M, Rousset F (1995) GENEPOP (version 1.2): popula-
tion genetics software for exact tests and ecumenicism. J Hered
86:248–249

Reynolds J, Weir BS, Cockerham CC (1983) Estimation of the
coancestry coefficient: basis for a short term genetic distance.
Genetics 105:767–779

Saitou N, Nei M (1987) The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol
12:914–920

Sala A, Penacino G, Carnese R, Corach D (1999) Reference data-
base of hypervariable genetic markers of Argentina: applica-
tion for molecular anthropology and forensic casework. Elec-
trophoresis 20:1733–1739

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor

Souto L, Amorim A, Vide MC (1998) Population and segregation
data on the multiplex system (TH01, VWA, FES, F13A1) from
Central Portugal. In: Olaisen B, Brinkmann B, Lincoln PJ (eds)
Progress in forensic genetics 7. Elsevier, Amsterdam, pp 363–365

Swofford DL, Selander RB (1989) BIOSYS-1. A computer pro-
gram for the analysis of allelic variation in population genetics
and biochemical systematics, Release 1.7, University of Illi-
nois, Urbana IL

Tautz D (1989) Hypervariability of simple sequences as a general
source for polymorphic DNA markers. Nucleic Acids Res 17:
6464–6471

131



132

Tomàs C, Picornell A, Castro JA, Ramon MM, Gusmão L, Lareu
MV, Carracedo A (2000) Genetic variability at nine STR loci
in the Chueta (Majorcan Jews) and the Balearic populations in-
vestigated by a single multiplex reaction. Int J Legal Med
113:263–267

Tomàs C, Picornell A, Castro JA, Ramon MM (2001a) Genetic
analyses in five western Mediterranean populations: variation
at 5 tetrameric short tandem repeats. Hum Biol 73:349–363

Tomàs C, Picornell A, Castro JA, Ramon MM (2001b) Genetic
variability at nine STR loci in Majorcan, Minorcan and Valen-
cian (Eastern Spain). Forensic Sci Int 121:201–204

Weir BS (1996) Genetic data analysis II. Sinauer Sunderland
Mass., p 134

Wright S (1951) The genetical structure of populations. Ann Eu-
genics 15:323–354

Yunis JJ, García O, Uriarte I, Yunis EJ (2000) Population data on
6 short tandem repeat loci in a sample of Caucasian-Mestizos
from Colombia. Int J Legal Med 113:175–178


