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A B S T R A C T

The Mestizo (admixed) population of the Peninsula of Yucatan (Southeast, México) characterizes by a pre-
dominant Native American origin involving the Mayan culture. Autosomal Short tandem repeats (STRs) are the
election tool for human identification (HID) purposes, such as forensic casework and paternity testing, among
others. Although there are autosomal STR databases for some Mexican populations, the HID kits with more STRs
have poorly studied in this country. Therefore, we estimated forensic parameters for 22 autosomal STRs be-
longing to the PowerPlex® Fusion System Promega kit (Promega, Corp.) in a population sample of 733 Mexican
Mestizos subjects from the Peninsula of Yucatán (Southeast, Mexico). Buccal swabs were used as DNA sample for
direct PCR multiplex amplification for genotyping PowerPlex® Fusion System Promega kit. Forensic parameters
were obtained with Powerstats 1.2 software. Hardy-Weinberg expectations (HWE) were estimated with GDA ver
1.1 software. Gene diversity was estimated with Shannon-Wiener (H`) and statistical differences with t-test
modified by Hutcheson using Biodiv 5.1 software. Interpopulation comparisons were analyzed with Dice and
Rogers-Tanimoto indexes and classification method of Unweighted Pair-Group Method (UPGMA). Genotype
distribution was in agreement with HWE (p > 0.001), except for D1S1656. FGA and Penta E were the most
polymorphic loci with 32 and 25 different alleles, respectively. Heterozygosity ranged from 0.6112 for
D22S1045 to 0.9141 for D1S1656. The most discriminating loci were Penta E (0.9852) and FGA (0.9756). The
combined power of discrimination and combined power of exclusion were 1.9093×10−26 and 99.9999833%,
respectively. Gene diversity ranged from 1.21 for D22S1045 to 2.68 for Penta E. Inter-comparison populations
did not show significant differences for gene diversity based on allelic frequencies of 22 studied autosomal STR.
Our results provide a STR population dataset that allow confident interpretation of paternity tests and criminal
cases carried out with this HID system in the Peninsula of Yucatan.

1. Introduction

People from the Peninsula of Yucatán are an admixed population
composed of Mayan ethnicity as native American ancestry, European,
and Asian ancestry at Southeast, Mexico. Short tandem repeat (STR)
polymorphisms are mainly used in forensic fields, for paternity tests
and individual identification. The implementation of STR in forensic
casework requires population validation that includes estimation of
forensic statistical parameters [1], given the development of new

genetic systems with a higher number of STRs, which are poorly studied
in Mexican Mestizo populations. Indices of diversity computed with
STR have shown that geography is the main factor shaping the variation
of genetic diversity across populations. A smooth gradient of genetic
variation is observed between geographic groups rather than abrupt
changes [2]. Since, Yucatan STR databases are based on a limited
sample size and on HID systems with few STRs, we obtained the for-
ensic parameters for 22 autosomal STRs in the Península of Yucatán, at
Southeast, Mexico.
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2. Materials and methods

We included 733 unrelated volunteers who participated in paternity
testing at a private laboratory where attend people from Península of
Yucatán (Campeche, Yucatán and Quintana Roo, Mexico); as well as
volunteers from the general population, with the following inclusion
criteria: Residence, to be born and to have ancestors at least two gen-
erations living and to be born in the geographical region of Península de
Yucatán. Buccal swabs samples were analyzed for direct PCR multiplex
amplification of 22 autosomal STRs using the PowerPlex® Fusion
System Promega kit (Promega Corp., Madison WI, USA). Separation of
amplified DNA fragments was performed employing capillary electro-
phoresis in an ABI Prism 310 Genetic Analyzer (Applied Biosystems).
Genotyping was performed after comparison of STR fragments to the
allelic ladder and internal size standard using GeneMapper ID v3.2
software. All steps were according to the laboratory internal control
standards and proficiency testing provided by Promega Corporation.
Written informed consent form was signed by each participant ac-
cording to the ethical guidelines of the Helsinki Declaration.

Forensic parameters of population genetics including heterozygosity
(He), Power of Discrimination (PD), Polymorphic Information Content
(PIC), Power of Exclusion (PE) and Typical Paternity Index (TPI) were
calculated with the PowerStats 1.2 Software. The Hardy–Weinberg
equilibrium deviation for each locus was verified with the exact-test,
using GDA ver 1.1 software. Genetic diversity was estimated from the
obtained allele frequencies for each locus with Shanon-Wiener (H’)
index, and the t test modified by Hutcheson, which were estimated with
Biodiv 5.1 software.

The similarity between the STR's markers based on allele fre-
quencies recorded, was estimated by the Dice index and composition
with Rogers-Tanimoto index, both for quantitative data. A cluster
analysis was applied with Unweighted Pair-Group Method (UPGMA).
Genetic relatedness was obtained comparing allele distribution and
frequency of Península of Yucatan with STRs datasets reported at the
National Institute of Standards and Technology (NIST) [3], and other
ethnically related Mexican Mestizo populations from the West Region
[4], Monterrey [5] and Mexico City [6].

3. Results

Genotype distribution was in agreement with Hardy–Weinberg ex-
pectations after Bonferroni correction (p > 0.001), except for
D1S1656. We observed 93 different alleles. FGA was the marker with
the highest number of alleles (32 alleles). D1S1656 and Penta E dis-
played the highest heterozygosity: 0.9141 and 0.9004 respectively.
Penta E and FGA showed the highest power of discrimination, 0.9852
and 0.9756, respectively. The combined PD and PE were
1.9093×10–26 and 99.9999833%, respectively. Gene diversity ranged
from 1.21 for D22S1045 to 2.68 for Penta E. Forensic parameters and
gene diversity of autosomal STR are shown in Table 1. Interpopulation
comparison did not show significant differences in gene diversity of
allele distribution among global populations nor among Mexican Mes-
tizo population ethnically related, p> 0.05.

4. Discussion

Forensic parameters and gene diversity based on 22 autosomal STR
of PowerPlex® Fusion Promega System kit, were estimated for the po-
pulation from Peninsula of Yucatán, Mexico, which has been poorly
studied about STR datasets contained in new HID systems with more
autosomal STRs, such as PowerPlex® Fusion Promega System kit.
Forensic parameters show that, although FGA has the highest number
of alleles; Penta E was the STR with the highest gene diversity, as well
as the highest power of discrimination; and the second in hetero-
zygosity, suggesting Penta E as the most informative and polymorphic
STR. D22S1045 was the least informative (1.21).

Gene diversity indices based on 22 autosomal STRs, were similar
overall among all studied populations, however Mexican Mestizo po-
pulations, including Hispanics from Southwest, form a cluster. In this
cluster, distribution of autosomal studied STRs of the population of
Peninsula of Yucatán was more similar with the allelic distribution of
Mexico City and Monterrey. Similar relation between the Peninsula of
Yucatán and Central Mexico, have been found previously in which “the
Mayan component” is present at 10–20% in central Mexican natives
consistent with the identity by descent and with migration edges con-
necting the regions, suggesting that gene flow between the two regions
has been ongoing for a long time [7]. Genetic diversity observed in
Mexican Mestizos is related to differential Native American and

Table 1
Forensic parameters of 22 autosomal STRs of Power Plex Fusion system in 733 Mexican-Mestizos from Peninsula of Yucatan, Mexico. PD: Power of discrimination;
PIC: Polymorphic information content; PE: Power of exclusion; TPI: Typical paternity index; MAF: Minimum allele frequency; Ne: No. of effective alleles; He:
Observed heterozygosity; HWE: Hardy-Weinberg equilibrium; GD: Gene diversity.

PD PIC PE TPI MAF Ne He HWE No. alleles GD

D3S1358 0.8569 0.6381 0.3488 1.4096 0.0038 3.152 0.6453 0.4518 9 1.39
D1S1656 0.9736 0.8746 0.8242 5.8175 0.0047 8.723 0.9141 0.0079 18 2.33
D2S441 0.8466 0.6322 0.3433 1.3935 0.0037 2.927 0.6412 0.5403 16 1.47
D10S1248 0.8714 0.6706 0.4495 1.7452 0.0039 3.353 0.7135 0.1369 11 1.45
D13S317 0.9481 0.8046 0.6133 2.5993 0.0042 5.795 0.8076 0.5103 11 1.88
PENTA E 0.9852 0.9058 0.7963 5.0205 0.0046 11.359 0.9004 0.4534 25 2.68
D16S539 0.9161 0.7415 0.546 2.1815 0.0041 4.473 0.7708 0.5261 12 1.65
D18S51 0.968 0.854 0.7136 3.5583 0.0044 7.576 0.8595 0.6639 16 2.2
D2S1338 0.9594 0.8351 0.7001 3.3935 0.0044 6.726 0.8527 0.1349 13 2.1
CSF1PO 0.8832 0.7016 0.4873 1.899 0.004 3.895 0.7367 0.3679 15 1.61
PENTA D 0.944 0.7997 0.676 3.1325 0.0043 5.672 0.8404 0.5832 17 1.89
TH01 0.9062 0.685 0.467 1.8144 0.004 3.684 0.7244 0.4977 7 1.45
VWA 0.8961 0.7065 0.485 1.8892 0.004 3.896 0.7353 0.4715 10 1.59
D21S11 0.9529 0.822 0.6184 2.6367 0.0042 6.226 0.8104 0.2196 24 2.18
D7S820 0.9126 0.7399 0.593 2.4597 0.0042 4.433 0.7967 0.9828 12 1.68
D5S818 0.8648 0.6475 0.4259 1.6584 0.0039 3.157 0.6985 0.2817 9 1.46
TPOX 0.8702 0.6714 0.4032 1.5797 0.0038 3.517 0.6835 0.1266 9 1.46
D8S1179 0.9219 0.7521 0.568 2.305 0.0041 4.59 0.7831 0.1483 12 1.73
D12S391 0.9581 0.8277 0.6733 3.1059 0.0043 6.464 0.839 0.4560 21 2.15
D19S433 0.9597 0.8329 0.6787 3.1595 0.0043 6.63 0.8417 0.2662 23 2.17
FGA 0.9756 0.8832 0.7629 4.3118 0.0045 9.335 0.884 0.0546 32 2.46
D22S1045 0.7935 0.557 0.3045 1.286 0.0037 2.683 0.6112 0.1410 11 1.21
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European ancestral contribution [8]. Native American component in
individuals from the Southeast of Mexico is predominantly related to
the Mayans, while in individuals from Central Mexico is related most
closely to Nahuas [7]. The Northern Mexican populations have the
highest European ancestral contribution, whereas Southern Mexican
populations have the highest Amerindian ancestry. Findings provide a
STR population dataset that allow confident interpretation of paternity
tests and criminal cases carried out with this HID system in the studied
population.

5. Conclusion

Our results provide an STR population dataset that allow confident
interpretation of paternity tests and criminal cases carried out with this
HID system in the Peninsula of Yucatan, Mexico. Penta E is the most
polymorphic and informative STR, being the most discriminating and
with the highest gene diversity. The combined power of discrimination
and power of exclusion were 1.9093× 10−26 and 99.9999833%, re-
spectively. Gene diversity based on these autosomal STRs show simi-
larities among Mexican ethnically related populations.
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