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Abstract

The study of genetic variability through microsatellite markers helps to characterize a population
molecularly. Moreover, the genetic parameters obtained are useful in forensic statistical
calculations, population genetics, and person identification. The present study aimed to identify
the alleles and determine the allelic frequencies of the STR markers D165539, PENTA D, PENTA
E, TPOX present in the Southern Region of the Peru human population. Alleles were identified,
allele frequencies of STRs were found, and it was determined if these markers were in Hardy-
Weinberg genetic equilibrium. The study analyzed 100 samples from individuals who attended
the Molecular Biology laboratory of the Universidad Nacional de San Agustin. DNA extraction
was performed and amplified by PCR technique, the amplification products were visualized in
polyacrylamide gels, and the computer analysis was done in the GENEPOP program. In the
human population of the Southern Region of Peru, 4 alleles were identified for the Tpox marker,
5 alleles for the D165539 STR, 8 alleles for the Penta D marker and 10 alleles were identified for
the PENTA E marker; the STR with the highest discriminatory power was the Penta E STR. STRs
markers TPOX, D16S539, PENTA E and Penta D are in Hardy Weinberg equilibrium in the

human population of the Southern Region of Peru with a P<0.05 for all markers.
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1. Introduction

In recent years, the human genome study has
presented great advances. For example, the use of
molecular markers allows to determine genomic
variability between individuals of the same species
(1). The most commonly used molecular markers in
the study of genomic variation in humans are Short
Tandem Repeat or STRs due to their high degree of
polymorphism. In population genetics, these
markers allow us to know the degree of
interbreeding of a population, to know the relative
distances between different cultures, to determine
the ancestral origins of a population and are widely
used in the forensic area, in paternity tests and
human identification (2).

The human genome is formed by all the DNA found in
the nucleus and mitochondria of a cell, and the nuclear
DNA is a linear macromolecule formed by two
antiparallel chains joined together by hydrogen bridges.
Each chain is made up of units called nucleotides (3).
Each nucleotide is composed of a nitrogenous base, a
pentose and a phosphate group, and the nitrogenous
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bases are divided into purine bases such as Guanine (G)
and Adenine (A) and pyrimidine bases such as Cytosine
(C) and Thymine (T) (4)(5).

The size of genomes is measured in base pairs (bp),
the size of the human genome is 3.2 x 10° bp. The
study of the human genome can be divided
according to its repetitiveness and coding character
(6), in non-repetitive DNA or single copy, which
represents 70% of the entire human genome and the
other 30% is formed by repetitive DNA (7).
Repetitive DNA comes in different shapes and sizes,
which can be widely interspersed repeats, tandem
repeats or nested repeats that can comprise only two
or millions of copies and can vary in size from 1-2 bp
to form sequences of millions of bases (8).

Tandem repeats (TR) are DNA sequences whose
repeat units are short; due to their unique
characteristics, which have been widely used as
molecular markers in population genetics studies.
They constitute 3% of the human genome and are
grouped into three groups; microsatellites comprise
tandem repeats ranging from 2 to 10 bp in length,
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minisatellites are formed by tandem repeats between
10 and 60 bp and satellites ranging up to 100 bp (8).

The most widely used molecular markers in studying
human populations are microsatellites or STR (Short
Tandem Repeat). They are codominant and have
simple Mendelian inheritance, there are several
alleles for the same locus, so they are highly
polymorphic. Their genotyping is relatively easy and
automated; multiple amplifications can be
performed in the same PCR reaction. The sample
used does not need to be of good quality, and it is
even possible to analyze DNA samples in an
advanced state of degradation (9) (10).

The study of the STR profile involves the use of
specific primers for regions that flank the
microsatellite DNA to be amplified; then amplicons
are generated by the PCR technique, and the
amplified sequences are visualized in an agarose gel
by electrophoresis, sized and assigned a numerical
value, The data obtained are easy to interpret and to
be compared. Moreover, determining the allelic and
genotypic frequencies of these markers in a
population helps to form a database that allows the
molecular characterization of a population. These
data can also be used in forensic statistical
calculations and population genetics.

The study aims to identify alleles and determine allele
frequencies of STR markers D16S539, Penta D, Penta
E, Tpox present in the Southern Region of Peru.

2. Material and Methods

Study population: The study was conducted at the
Molecular Biology Center of the National University
of San Agustin, in the city of Arequipa-Peru. 100
buccal swab samples were analyzed from inhabitants
of the southern region of Peru who attended the
Molecular Biology Center between 2010 and 2014.
Informed consent was filled out, the study's objective
was explained to each individual, the participants
were of legal age, and only individuals whose family
ancestry belonged to two generations ago born in
the southern region of Peru were considered; none
of the participants were related by blood.

DNA extraction and PCR

The MasterPure TM Epicentre kit was used for DNA
extraction, the primers used are listed below:

FIRST STR: TPOX

Forward 5'-GCACACAGAACAGGCAGGCACTTAGG-3'
Reverse 5'-CGCTCAAACGTGAGGAGGTTG-3'
PRIMERS PENTAD

Forward 5'-
GGGGGGGTCTAAGAGAGCTTGTAAAAAAG-3'
Reverse 5'-
GTTTGTGTGTGTGCATCTCTGTAAGCATGTATATC-3'
FIRST STR: PENTA E

Forward 5-ATTACCAACACATGAAAGGGGTACCAATA-3'
Reverse 5
TGGGGGTTATTAATTGAGAAAACTCCTTACAATTT-3'
FIRST STR: D165539

Forward 5"
GGGGGGGTCTAAGAGAGCTTGTAAAAAAG-3'
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Reverse5'-
GTTTGTGTGTGTGCATCTCTGTAAGCATGTATATC-3'
For the amplification of STRs markers TPOX, D6S539,
Penta D and Penta E, 1uL of DNA, 1uL Primers, 25pL
Platinium PCR Super Mix (Invitrogen brand), the prepared
samples were taken to the thermal cycler, the
programmed activation temperature was 95° C for 5 min,
followed by 35 cycles composed of Denaturation
Temperature 95° C for 90 sec, Hybridization temperature
60° C for 60 sec. and Extension temperature 72° C for 60
sec. After 35 cycles, a cycle of 72° C for 10 minutes was
added. The PCR product was analyzed in polyacrylamide
gels to identify the alleles loaded with

5ul of the PCR result, for electrophoresis TAE 1x, 90V
was used and the run time was 3 hours. The weight
marker was 25 bpb Invitrogen brand, and SybrGreen
were used for staining. The bands were observed with
the Safe Imagen transilluminator, and photos were
taken for analysis; for statistical calculations and
forensic parameters, the Genepop program was used.

3. Results

Molecular markers such as microsatellites or STRs
can be used in the identification of individuals, in
studies of cadaveric remains, in the analysis of
biological traces, in paternity tests, and in genetic
variability studies, among others (Wyner (11)(12).

8— Size of the amplified Allele Number of
2. (bp) samples
280 9 33
= 284 10 48
§ 288 11 54
@ 292 12 36
296 13 29
404 8 3
409 9 14
p- 414 10 20
z 419 11 71
N 424 12 43
o 429 13 26
434 14 14
439 15 1
404 10 12
409 11 15
414 12 31
o 419 13 33
Z 424 14 34
X 429 15 35
m 434 16 13
439 17 10
449 19 7
454 20 10
270 8 120
3 274 9 5
Q 282 11 50
286 12 25
Source: Own elaboration

The study population consisted of 5 alleles for the
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D165539 marker 5 alleles, for the Penta D marker 8
alleles, 10 alleles identified for the Penta E STR and
4 alleles for the TPOX marker, as shown in Table 1.

ALELO | D16S539 | PENTAD | PENTAE | TPOX
0,0150 0,6000
0,1650 0,0700 0,0250

0,2400 0,1400 0.0600
0,2700 0,3550 0.0750 0,2500
0,1800 0,2150 0.1550 0,1250

0,1450 0,1300 0.1650

0,0700 0.1700

0,0050 0.1750

0.0650

0.0500

0.0350

0.0500

Source: Own elaboration

Table 2 shows that the alleles identified for the STR
marker D16S539 were 9, 10, 11, 12 and 13 being the
most frequent allele 11, alleles 9,10,11,12,13,14,15 were
identified for STR Penta D, the most frequent allele was
allele 11, allele 15 was identified most frequently in the
STR Penta E marker, the alleles identified for this marker
were 10,11,12,13,14,14,15,16,17,19,20 and the STR
Tpox marker identified 4 alleles 8,9,11 and 12, the most
frequent being allele 8.

Table 3 shows the parameters of genetic and
forensic interest. The highest number of alleles
identified was for the STR marker Penta E, which
presented the highest polymorphic content index
(PIC) of 0.874. All STR markers obtained a P < 0.05,
which indicates that our population is in Hardy
Weinberg equilibrium.

The highest number of alleles and genotypes was
presented by the STR marker Penta E and the lowest
number by the Tpox marker. Of the 4 alleles studied,
the Tpox marker was the least polymorphic and
presented the lowest heterozygosity.

MARKER D16S539 PE:\DITA TPOX PEETA
Population Size 100 100 100 100
No of alleles 5 8 4 10
No of genotypes 14 18 7 37
Homozygotes 29 28 53 27
observed
S qpesie 20,7186 [21,4874143.593012.6080
homozygotes
Heterozygotes 71 72 52 78
observed
= pasise) 79,281478,5126/56.4070|87.3920
heterozygotes
Polymorphic Content| g 755 | 6 755 | 0,502 | 0.874
Index
Hardy-Weinberg P= P=
Equilbrium | F<0-05 |P<0.05] 5 5335 | 0.0001
Source: Own
elaboration.
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4. Discussion

The genetic analysis of STR markers has been
studied in different population groups to identify
alleles present, allele frequencies, and genotypic
frequencies and identify whether the study
population is in Hardy Weinberg equilibrium,
indicating a possible disruption in the genetic
variability of a population due to a non-constant
phenomenon such as a migration process (Gomes,
1999)(2).
The TPOX marker or locus is one of the most studied
STRs in the study of populations. Its repeat unit is
formed by four nucleotides that repeat in tandem
(13). The alleles reported in the standard reference
database NIST (National Institute of Standards and
Technology USA) for the STR marker TPOX are 13.
Of the 13 alleles reported in NIST, 8, 9, 11 and 12
were identified in our study population. In Peru, the
STR marker TPOX was studied by Cruz Calvo in 2006
in the province of Andahuaylas. In this study, the STR
markers TPOX and THO1 were analyzed, and the
presence of 5 alleles (8, 9, 10, 11 and 12) was
reported for the TPOX marker (14). In the study
conducted by Abello in 2001 in a Colombian
population, where the study population was 50
samples, 7 alleles were reported (6, 7, 8,9,10,11,12),
with allele 8 being the most frequent with a
frequency of 43.8% (15). And in the study of Arias in
La Paz, Bolivia, in a mestizo population, the
frequency for allele 8 of the STR TPOX marker was
only 37%. It is worth noting that in this study
population, 8 of the 13 alleles registered in the NIST
were present, which would explain the lower
percentage of presentation for allele 8 of STR TPOX
(16). Based on these studies, allele 8 of STR TPOX
predominates in Latin American countries.
Table 1 also shows that the STR marker D16S539
identified 5 alleles (9,10,11,12,13): allele 11 was
identified with greater frequency in the human
population of the Southern Region of Peru, the STR
markers Penta D and Penta E identified 8 and 10
alleles respectively, the most frequent alleles were
11 for the STR Penta D and 15 for the Penta E marker.
In the study, the most polymorphic STR was Penta E,
which had the highest number of alleles and was the
STR with the greatest discriminatory power. In the
study carried out by Rey in a Colombian population,
STRs D2S1338, D19S433, PENTA D, PENTA E and
SE-33 were studied, STR Penta D identified 10 alleles
and STR Penta E identified 15 alleles, and STR Penta
E was the most polymorphic marker, as in our study,
the one with the greatest discriminatory power (17).
Table 3 shows the observed and expected
genotypes for the 4 markers studied. To verify that
the population has not changed from generation to
generation and is stable in Hardy Weinberg
equilibrium. The Chi-square test was applied and
obtained for these 4 markers a P< 0.05 value that
indicates that the population is in genetic equilibrium
for these markers. The allelic diversity of molecular
markers is known as polymorphisms; the study of
210
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these polymorphisms has multiple applications in the
medical area and the study of populations. For
example, the polymorphisms present in the different
STR markers are responsible for the genetic
variability between individuals of a population (same
species), making each member of the same species
unique and unrepeatable; polymorphisms are also
responsible for the evolution of species (18).
Likewise, their study can help identify the
susceptibility to present certain diseases by
incorporating these markers into molecular
epidemiology (19).

5. Conclusion

Four alleles were identified for the Tpox marker, 5
alleles for the STR D16S539, 8 alleles for the Penta D
marker and 10 alleles were identified for the PENTA
E marker in the population of the Southern Region of
Peru. Therefore, the STR with the highest
polymorphic and discriminatory power was STR
Penta E in the Southern Region of Peru population.
Therefore, STRs markers TPOX, D16S539, PENTA E
and Penta D are in Hardy Weinberg equilibrium in
the human population of the Southern Region of
Peru with a P<0.05 for all markers.
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