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Genetic marker; Introduction: Short Tandem Repeat (STR) markers are used in forensic practice due to their
Forensic genetics; great discriminative power and help to identify individuals genetically. At least 20 STRs are
Allelic frequencies; currently used in Peru.

Genotype; Objective: The objective of the present study is to determine the allelic frequencies of 21
Peruvian population genetic markers of type STR (D351358, vWA, D165539, CSF1PO, TPOX, D851179, D21511, D18S51,

D25441, D19S433, THO1, FGA, D2251045, D55818, D13S317, D75820, SE33, D10S1248, D151656,
D125391 and D251338) in a mixed race Peruvian population.

Materials and methods: The allelic frequencies were obtained from 300 unrelated individuals
from different provinces of Peru. A statistical analysis was performed on the data obtained.
Results and conclusions: All loci, except for D1051248 and D251338, were in Hardy-Weinberg
equilibrium. The most frequent allele of the D351358 marker is 15, with 56.33% in the Peruvian
population and with 34.65% in the Hispanic population, while the alleles less frequent in the
Peruvian population were 11 and 19, and in the Hispanic one, it was the 9 allele, which the
Peruvian population does not have. The vWA marker of the Peruvian population does not have
the 11, 12, and 17.3 alleles seen in the Hispanic population. The PD is greater than 0.9999999
and the PE is 0.99999997. When comparing the allelic frequencies of the Peruvian mixed-race
population and the Hispanic frequencies of the manual of Globalfiler by Life Technologies For
Forensic or Paternity 2013, differences are observed in the allelic frequencies of the markers.
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PALABRAS CLAVE
Marcador genético;
Genética forense;
Frecuencias alélicas;
Genotipo;

Poblacion peruana

Frecuencias alélicas de 21 marcadores STR autosémicos en una poblacién mestiza
peruana aplicado a la practica forense

Resumen

Introduccion: En la practica forense los marcadores del tipo STR (Short Tandem Repeat) son
utilizados por su gran poder discriminativo y por ayudar a identificar individuos genéticamente.
En Per( actualmente se utilizan como minimo 20 STR.

Objetivo: El objetivo del presente estudio es determinar las frecuencias alélicas de 21 mar-
cadores genéticos de tipo STR (D351358, VWA, D165539, CSF1PO, TPOX, D851179, D21511,
D18551, D2S441, D19S433, THO1, FGA, D2251045, D55818, D135317, D75820, SE33, D10S1248,
D151656, D125391 y D2S1338) en una poblacion mestiza peruana.

Materiales y métodos: Las frecuencias alélicas fueron obtenidas a partir de 300 individuos no
emparentados provenientes de diferentes provincias del Perd. Con los datos obtenidos se realizo
un analisis estadistico.

Resultados y conclusiones: Todos los loci, excepto el D1051248 y el D251338, estuvieron en
equilibrio de Hardy-Weinberg. El alelo mas frecuente del marcador D351358 es el 15, con un
56,33% en la poblacion peruana y un 34,65% en la poblacion hispana, mientras que los alelos
menos frecuentes en la poblacion peruana son el 11 y el 19, y en la hispana es el alelo 9,
que no posee la poblacion peruana. El marcador vWA de la poblacion peruana no posee los
alelos 11, 12 y 17.3 que posee la poblacion hispana. EL PD es mayor de 0,9999999 y el PE es
de 0,9999997. Al compararse las frecuencias alélicas de la poblacion mestiza peruana y las
frecuencias hispanas del manual de Globalfiler by Life Technologies For Forensic or Paternity
2013 se observan diferencias en las frecuencias alélicas de los marcadores.

© 2018 Asociacion Nacional de Médicos Forenses. Publicado por Elsevier Espaia, S.L.U. Todos

los derechos reservados.

Introduction

The search for reliable methods of human identification
has always been greatly needed by society to resolve both
civil and criminal cases." Over the years, different tech-
niques have been used to characterise and individualise
people, including fingerprint, anthropological, and blood
group analysis,” as well as molecular analysis of human
leukocyte antigen (HLA) polymorphisms. With the discov-
ery of the structure of deoxyribonucleic acid (DNA) in
1953 and its polymorphic regions in 1980, DNA analyses
have become an indispensable tool for forensic genet-
ics.

Through the analysis of DNA samples, obtained from
traces found at the crime scene - of blood, saliva, semen,
hair, nails, tissues, bones, among others - and organising
the profiles of these samples in a database, the possibility
of a successful criminal investigation is made considerably
higher.3->

In human identification, the use of DNA polymorphism
analysis is based on the biological individualisation of each
human being, since their genetic profile is exclusive and
immutable and registered in all the cells of their organ-
ism, providing all cells equality and invariability throughout
the individual’s life (except for cases involving monozygotic
twins). An individual’s genetic profile is made up of sev-
eral markers that are inherited from their parents. These
markers correspond to DNA sequences that vary between
individuals, called hypervariable or polymorphic regions,
and are distributed in the autosomal and sex chromosomes.

Thus, variability among individuals is determined by repeat-
ing sequences; depending on the size of the repeating unit,
these sequences are termed satellite DNA (repeating unit
of between 100 and 10,000 nucleotides), minisatellite DNA
(repeating unit of between 10 and 100 nucleotides) and
microsatellite DNA (repeating unit of between 2 and 7
nucleotides).®’

The efforts of the forensic community have resulted
in the generation of 41 population data sets that provide
a solid basis for the frequency of estimated profiles in
several sampled populations, such as African Americans,
Caucasians, Hispanics, Asians, Far Eastern populations, and
Native Americans.'® There are significant differences in each
population group in certain genetic markers and for certain
alleles; hence the need for population frequency bases for
each population group or region.

Since January 1, 2017 the FBI’s working group has
required laboratories to include 7 additional markers
(D1S1656, D2S441, D251338, D1051248, D125391, D195433
and D2251045) to the existing 13 (D351358, D55818, D75820,
D8S1179, D13S317, D165539, D18S51, D21511, CSF1PO, FGA,
THO1, TPOX, vWA), which make a total of 20 autosomal
genetic markers in addition to the sex-typing marker amel-
ogenin, which should be in the bases of each country."
The European Community also recommends standard mark-
ers (FGA, THO1, VWA, D1S1656, D25441, D351358, D851179,
D10S1248, D12S391, D18S51, D21S11, D2251045) and addi-
tional D251338, D165539, D195433, SE33 markers and amelo-
genin. The aim is to reduce the accidental coincidence prob-
ability, because the databases are increasing considerably in
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size and exchange between countries is expanding, which is
leading to the identification of missing or accused persons.

Many research studies provide databases of allele fre-
quencies worldwide, which show that allele frequencies
differ among populations or population groups; it has been
observed that some alleles are more frequent in popula-
tions, while there are alleles that are absent in certain
populations. For this reason, the aim is to characterise 21
autosomal STR markers in a mixed-race Peruvian popula-
tion, which will serve to obtain a genetic frequencies base
as an aid for forensic practice. We should bear in mind that
the Peruvian population, as in other Latin American coun-
tries, is considered mixed-race, a product of the genomic
mixture between the European conquerors and the native
population.'

Materials and methods

The population in this descriptive, cross-sectional study
comprised people involved in judicial proceedings in 2013.
The population consisted of 1000 individuals, and 300 unre-
lated individuals were randomly selected. The exclusion
criteria were having undergone a bone marrow transplant
and/or blood transfusion in the past 6 months, which could
generate genetic profiles of the donor. The inclusion criteria
were unrelated individuals over the age of 18 who had signed
their informed consent. For each sample, signed informed
consent and chain of custody were obtained; the identity of
the participant was dissociated from the sample collected,
to respect confidentiality.

DNA sampling and extraction

A blood sample was taken from the index finger by finger
prick with a lancet. The samples were taken on separate FTA
(Wathman) cards (including barcode). The FTA cards contain
a chemically treated matrix that lyses a great variety of
tissues (for example, blood and saliva, among others). After
lysing the cells, the released DNA attaches to the card where
the matrix protects the nucleic acids from harmful agents
that could cause degradation, thus reducing the degradation
of the cells.™

Obtaining the genetic profile

The genetic profile was determined by direct amplification
of the genetic markers of the non-coding DNA with the
GlobalFiler™ Express kit, following the indications of the
manufacturer (Life Technologies), validated beforehand.

The amplification of STR markers was performed using
the multiplex amplification technique. PCR amplification
products were detected by the fluorescence detection
in capillary electrophoresis technique in the Applied
Biosystems™ 3500genetic analyzer.

Following the capillary electrophoresis, the data were
imported into GeneMapper® ID-X v1.1 genetic typing soft-
ware, which was used to obtain and edit the genetic profile.
The negative control and the target were checked for peaks
in order to discount contamination. The genetic profiles had
to be corroborated with a standard reference marker. The

sizes of the observed peaks (above 50 RFU), quality, concen-
tration, presence or absence of interferences and possible
null alleles were assessed.

Finally, after successfully passing the quality control
tests, and only then, these profiles were exported from the
GeneMapper® ID-X v1.1 software in the form of numerical
codes (see Table 1 of the supplementary material).

Statistical analysis

In order to characterise the 21 autosomal STR markers of
the Peruvian population under study, the following forensic
statistical parameters were calculated: power of discrimi-
nation (PD), power of combined discrimination, polymorphic
information content (PIC), power of exclusion (PE), power
of combined exclusion, observed heterozygosity (Hobs) and
expected heterozygosity (Hesp), Hardy-Weinberg equilib-
rium (p-value), and probability of coincidence (PM) (Table 1
of the supplementary material). All these parameters helped
us to determine the usefulness of these markers in resolv-
ing forensic cases using the programmes PowerState.v1.2,"
Arlequin®." The minimum allele frequency (MAF) was also
calculated for the alleles that appear less often.

Comparison of allele frequencies between the
Peruvian population under study and the Hispanic
population

Allele frequencies were compared between the Peruvian
and Hispanic populations to detect significant differences
between both populations for each marker analysed. For
the purposes of this study, the Peruvian population is under-
stood as that of the three defined regions of Peru (coast,
highlands and jungle) and characterised as multiracial, mul-
tilingual and pluricultural. The Hispanic population includes
countries where there is notable influence of the Spanish
language and culture.

Results

A total of 300 individuals were included (113 women and 187
men, over 18 years old). All were mixed race.

Allele frequencies

The allele frequencies of a genetic marker indicate the
number of times an allele is observed in the population rel-
ative to the total number of alleles of that marker and is
represented as a fraction or percentage. Table 1 of the sup-
plementary material shows the allele frequencies obtained
from the 21 autosomal STR markers in the Peruvian popu-
lation under study. The most polymorphic locus (SE33) has
31 alleles, while the least polymorphic locus (TPOX) has 6
alleles. It was demonstrated in the study that the 21 STRs
studied are good genetic markers to characterise the Peru-
vian population as presenting high polymorphism. The three
most informative STRs due to their PIC were SE33 (.9095),
followed by FGA (.8460), and D18551 (.8404), while the
marker with the lowest index was D2251045 (.5071). The
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markers studied had PIC values higher than .5, which meets
the condition of being very informative.'®

The PD is characterised by the probability that two
unrelated and randomly selected individuals can be genet-
ically differentiated by the analysis of a marker or a set of
markers. Analyzing the results set out in Table 1 of the sup-
plementary material, it can be seen that the PD index for
marker SE33 is .9841, which is the highest, followed by FGA
at .9642 and D18S51 at .9627; while the marker with the
lowest PD index is D25441 at .7635. The average PD of the
markers is .8836.

The PE parameter allows us to establish the propor-
tion of individuals falsely involved in an expert appraisal.
The most informative marker is SE33 (.7818), followed by
D18S51 (.6559) and D15165 (.6494), while the least infor-
mative markers are D2251045 (.2421), D25441 (.2440) and
D3S1358 (.2752).

Analysis of the Hobs and Hesp indices showed that for
all the markers the Hesp indices were very close to those
observed. The average Hobs value for the total population
is .7237 and the Hesp value is .7395; the highest Hobs index
was obtained in the marker SE33 (.8933), followed by FGA
(.8533) and D18S51 (.8300); in the same way, the same mark-
ers with the highest Hesp can be appreciated, which are
SE33 (.9169), followed by FGA (.8626) and D18551 (.8581).
As for the lowest indices obtained, in the Hobs index, these
are the markers D25441 (.5585) and D2251045 (.5567), and
in the Hesp index, the markers D25441 (.5559) and TPOX
(.5856). According to Crow and Kimura,'® heterozygosity is
the probability that two alleles of the same locus taken ran-
domly from the population will be different. Hesp is also
known as gene diversity

The Hardy-Weinberg equilibrium test (p-value greater
than .05) indicated a deviation of equilibrium in two genetic
markers: D1051248 (p=.0467) and D251338 (p = .0074). How-
ever, this deviation was not significant after applying the
Bonferroni correction.'” Therefore, it was established that
the 21 markers are in equilibrium.

Finally, the marker with the highest coincidence proba-
bility index is D2251045 (.2416), followed by D25441 (.2365)
and D351358 (.2253), while the marker with the lowest index
is SE33 (.0159), followed by FGA (.0358) and D18551 (.0373).

The MAF for the alleles that do not appear regularly is
.0083, which was obtained by dividing 5 by 2n (*‘n’’ is the
number of samples).

Comparison of allele frequencies among the
Peruvian population under study and the Hispanic
population

Comparison between the markers and alleles inherent to
the Peruvian and Hispanic populations reveals that there
are alleles inherent to the Peruvian population and alleles
that are not inherent to the Peruvian population (Table 2
of the supplementary material); likewise, it is noted that
some alleles are more and less frequent only in the Peruvian
population (Table 3 of the supplementary material). The dif-
ferences found in some markers of forensic importance are
described below

Alleles 11, 12, and 17.3 are not present in the vWA
marker for the Peruvian population, but are reported in the

Hispanic population. The most frequent alleles are 16 and
17 in both populations; while the least frequent allele in
the Peruvian population is 13, and the most frequent in the
Hispanic population are alleles 11, 13 and 17.3.

In marker D351358, allele 11 is only found in the Peruvian
population; while alleles 9, 12 and 13 are only found in the
Hispanic population. The most frequent allele in both popu-
lations is 15, while the least frequent alleles in the Peruvian
population are 11 and 19, and allele 9 in the Hispanic pop-
ulation.

Marker D105S1248 of the Peruvian population under study
has allele 18, which the Hispanic population does not have,
while the Peruvian population does not have alleles 8 and
9 that the Hispanic population does have. The most fre-
quent allele in both populations is allele 14; while the least
frequent alleles in the Peruvian population are alleles 10
and 18, and alleles 8, 9 and 10 in the Hispanic popula-
tion.

Marker SE33 of the Peruvian population under study pro-
vides alleles 17.2, 19.2, 23 and 35.2, which the Hispanic
population does not have, while the Hispanic population
does not have alleles 12, 12.2, 13, 14.2, 15.2, 16.2, 16.3,
20.2, 23.2, 26, 33, 34, 34.2, or 37. The most frequent
allele is allele 17 in the Peruvian population, and allele 18
in the Hispanic population. On the other hand, the least
frequent alleles are 11.2, 13.2, 23 and 24 in the Peruvian
population, and alleles 11.2, 13.2, 24, 31 in the Hispanic
population.

Marker D251338 of the Peruvian population under study
does not have alleles 26, 27 and 28 that the Hispanic pop-
ulation does have, the most frequent allele in the Peruvian
population is 19, and in the Hispanic population it is 17;
while the least frequent allele in the Peruvian popula-
tion is 16 and in the Hispanic population, alleles 27 and
28.

Discussion

Autosomal STR markers are increasingly applied forensically,
as genetic profiles in databases increase considerably in size.
At present, laboratories working according to the CODIS sys-
tem use a minimum of 20 genetic markers; the European
Community also uses 15 of these markers as standard and
adds SE33. The aim is to reduce the probability of accidental
matches in the identification of missing or accused persons.
The exchange of genetic profiles is expected to expand in
future between countries to genetically identify individuals
who, due to globalisation, are migrating rapidly in order to
commit crimes or disappear.

A study was carried out in 2009 on the population of
San Andrés de Colombia'® using 15 autosomal STR loci, and
it was determined that the STR markers contributing most
in identification tests, by their PIC, PD, PE and number of
effective alleles, were D251338, D18551 and FGA. As in the
Colombian population, the Peruvian population studied has
the same markers contributing most for identification tests
(D2S1338, D18S51, FGA) in addition to markers D195433
and SE33. In 2009" a study was carried out in the Argen-
tine population with 15 autosomal STR markers, and the
markers that exhibited the greatest heterozygosity were
markers FGA and D251338, while TPOX had the lowest value.
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In the Peruvian population studied, the same behaviour
was found in the same markers. In 2011 Manriquez et al.?°
conducted a study in a Hispanic-American population of Val-
paraiso, Chile, in which they used 6 European markers, and
found that marker SE33 was the most polymorphic marker,
resulting as the most informative. The behaviour regard-
ing the most polymorphic marker SE33 is similar between
the Peruvian population and the Chilean population stud-
ied. Rangel et al.?' in 2013 carried out a study in the
Amerindian population of northern and eastern Mexico, in
which they used 15 STR markers, and detected D18S51,
D19S433, FGA and D21S11 as the most informative mark-
ers; all the markers resulted in Hardy-Weinberg equilibrium,
after applying Bonferroni correction to markers D135317 and
FGA (p<.0033). The behaviour of the Peruvian population
under study is similar to that of the Mexican population in
terms of the most informative markers; furthermore, mark-
ers SE33, D165539, D8S1179, D151656, D125391 would have
to be added.

Regarding the variability of the markers of the Peru-
vian population analysed, it was observed that markers
SE33, D21S11, FGA, D12S391, D1S1656 and D18551 presented
greater variability with respect to the number of alleles;
it was detected that marker SE33 presents 32 different
alleles, FGA and D21511 present 15 alleles, and markers
D18S51, D12S391 and D151656 present 14 different alle-
les each. On the other hand, those with the lowest allele
variability are THO1 with 6 alleles, and markers D351358,
D13S317, TPOX and D16S539, each with 7 different alle-
les.

Making a comparison between the frequencies found
in the Hispanic population and those found through
analysis of the Peruvian population under study, the aver-
age difference in frequencies is 2.9357% (on a scale
from 1 to 100, the difference is low), representing a
97.0643% similarity, so the difference would be given
by some alleles among the Peruvian population that
were not reported in the Hispanic population, and vice
versa.
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