
Forensic Science International: Genetics 52 (2021) 102487

Available online 23 February 2021
1872-4973/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Short communication 

Autosomal STR and SNP characterization of populations from the 
Northeastern Peruvian Andes with the ForenSeq™ DNA Signature Prep Kit 

Evelyn K. Guevara a,*, Jukka U. Palo a,b, Jonathan L. King c, Magdalena M. Buś c,d, 
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A B S T R A C T   

Autosomal DNA data from Peru for human identity testing purposes are scarce in the scientific literature, which 
hinders obtaining an appropriate portrait of the genetic variation of the resident populations. In this study we 
genetically characterize five populations from the Northeastern Peruvian Andes (Chachapoyas, Awajún, Wampís, 
Huancas and Cajamarca). Autosomal short tandem repeat (aSTR) and identity informative single nucleotide 
polymorphism (iiSNP) data from a total of 233 unrelated individuals are provided, and forensic genetic pa
rameters are calculated for each population and for the combined set Northeastern Peruvian Andes. After 
correction for multiple testing in the whole dataset of the Northeastern Peruvian Andes, the only departure from 
Hardy-Weinberg equilibrium was observed in locus rs2111980. Twenty one out of 27 aSTR loci exhibited an 
increased number of alleles due to sequence variation in the repeat motif and flanking regions. For iiSNPs 33% of 
the loci displayed flanking region variation. The combined random match probability (RMP), assuming inde
pendence of all loci (aSTRs and iiSNPs), in the Chachapoyas, the population with the largest samples size (N =
172), was 8.14 × 10-62 for length-based data while for sequence-based was 4.15 × 10-67. In the merged dataset 
(Northeastern Peruvian Andes; N = 233), the combined RMP when including all markers were 2.96 × 10-61 

(length-based) and 3.21 × 10-66 (sequence-based). These new data help to fill up some of the gaps in the genetic 
canvas of South America and provide essential length- and sequence-based background information for other 
forensic genetic studies in Peru.   

1. Introduction 

Over the last decade, massive parallel sequencing (MPS) has facili
tated an in-depth genetic exploration of the structures and histories of 
both ancient and modern Native American populations. Some studies 
have addressed questions on population dynamics during the initial 
colonization of the Americas [1,2], while others have focused on issues 
related to demographic phenomena during pre- and post-colonial times 
[3]. The level of resolution in these and other studies has revealed 
hidden population structure in different parts of the Americas [4], as 
well as levels of diversity and ancestral origins previously overlooked 
[5]. Though high-resolution data from these genome-wide screenings 

are valuable in the field of population genetics, they lack compatibility 
with the markers commonly used by the forensic genetics community 
which routinely generates a large amount of human population data. In 
forensic DNA-casework, a relatively small set of standardized STR 
markers (autosomal, Y-chromosome, X-chromosome) is mostly used. 

Although autosomal STR data from many Latin American pop
ulations exist and continue to increase yearly (e.g. [6–9]), they are 
mostly restricted to samples genotyped with capillary electrophoresis 
(CE), which only provides length-based variation. The use of MPS 
technologies is however gaining more importance worldwide [10–14] 
due to its ability to resolve sequence-based variation, to multiplex 
several marker systems (autosomal STRs and SNPs, Y-chromosome and 
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X-chromosome), genotype a larger number of markers and resolve 
challenging samples. Despite these advantages, the forensic genetics 
community has not yet adopted fully this technology and the task of 
assigning a standardized nomenclature compatible with CE profiles is 
still underway [15,16]. For these reasons, published MPS data from 
Latin American populations, excluding metadata such as the highly 
admixed Hispanics from the USA, are still extremely rare, e.g. [11,17, 
18]. In Peru, with few exceptions [19,20], published autosomal STR 
reference data are scarce and available mostly from large cosmopolitan 
areas (e.g. Lima, Trujillo). These data are typically provided for no more 
than 15 of the forensically relevant autosomal STR markers included in 
commercial genotyping kits, and restricted solely to the electrophoretic 
analyses of allelic length variation. 

Here we report the first characterization of length- and sequence- 
based alleles and their respective frequencies for 27 autosomal short 
tandem repeats (aSTRs) and 94 identity informative single nucleotide 
polymorphisms (iiSNPs) obtained with the ForenSeq™ DNA Signature 
Prep Kit from a sample set of 233 unrelated individuals from the 
Northeastern Peruvian Andes. Despite the small sample sizes of some of 
the populations included in this dataset (i.e. Wampís, Huancas, Caja
marca), forensic genetic parameters were estimated in all of them, as 
MPS data obtained from a smaller sample has been shown to provide a 
good representation of the allele frequencies from an even larger pop
ulation in South America [18]. In addition to these, forensic genetic 
parameters were also calculated for the combined set from the North
eastern Peruvian Andes. To gain a better insight of the possible genetic 
subdivision in Peru, we characterize the genetic differentiation between 
our rural Northeastern Peruvian Andes set and that of the admixed 
cosmopolitan populations described in [19,21]. 

2. Materials and methods 

This study followed ethical guidelines and standards (Helsinki 
declaration and subsequent amendments) and was approved by permit 
#329/13/03/00/13, as described in [22]. The sampled populations 
included the modern Chachapoya people from the northeastern Peru
vian montane forests (N = 172); two ethnolinguistically affiliated 
Jivaroan populations from the Amazonian rainforests, Awajún (N = 25) 
and Wampís (N = 13); and Huancas (N = 9) and the Cajamarca (N = 14) 
from the north Peruvian Andes. All samples were collected from towns 
and villages across the Amazonas administrative region situated in the 
eastern slopes of the Northeastern Peruvian Andes. The modern Cha
chapoya people occupy mostly the montane cloud forests of the Ama
zonas region where settlements associated to the ancient Chachapoya 
culture still remain. The ancient Chachapoyas flourished around 900 CE 
(Common Era) until conquered by the Inca (1475 CE) and Spanish (1532 
CE), which gradually led to the dissolution of their culture and language 
[23]. The Awajún and Wampís, who belong to the Jivaroan (Chicham) 
ethnolinguistic family, inhabit the tropical rainforests situated north of 
the Chachapoya territory. Historically, Jivaroan populations fiercely 
resisted both Inca and Spanish incursions. Although they did not lose 
their culture or independence, their population suffered a significant 
reduction during the mid-Colonial period [24,25]. Huancas is a small 
town located in the heart of the Chachapoya territory, whose ancestors 
arrived to this region from the central Andes at the time of the Incas 
[26]. The Cajamarca set consists of immigrants from the neighboring 
Andean administrative region of Cajamarca who settled in the Chacha
poya area during the last five decades. The ancient cultural de
velopments in the Cajamarca region culminated also with the 
incorporation of most of this area and their populations to the Inca 
domain [27]. In our study set, the Awajún and Wampís, are the only ones 
who have retained their indigenous language, whereas the other pop
ulations are mostly Spanish-speaking. The criteria of inclusion in each 
population were 1) the place of birth up to the grandparents’ generation 
in one of the regions/areas described above and 2) surnames either of 
native or Spanish origin characteristic from those regions/areas. 

2.1. Laboratory work 

DNA extraction is outlined in [22]. Autosomal genotyping was car
ried out using the ForenSeq™ DNA Signature Prep Kit (Verogen; San 
Diego, Ca., USA) following the protocol described in [11]. 

2.2. Data analysis 

Output FASTQ files from the ForenSeq™ Universal Analysis Software 
(UAS) pipeline were processed with STRait Razor v2s [28] to obtain the 
length- and sequence-based genotypes for all samples. Additionally, 16 
reference sets from Peru (≤ 16 STRs, altogether 1813 samples) [19,21] 
were included in downstream analyses. Also, for the calculation of ge
netic distances (FST) with a more complete set of markers (aSTRs and 
iiSNPs), five additional populations were included [10,11,29]. 

Determination of STR allele frequencies in each study population, 
tests for departures from Hardy-Weinberg Equilibrium (HWE), detection 
of linkage disequilibrium (LD) and FST estimates were performed in 
Arlequin ver. 3.11 [30]. Correction for multiple testing was accom
plished with the Benjamini-Hochberg method [31]. Pairwise FST values 
were visualized with a Neighbor-Joining (NJ) tree in MEGA 7 [32]. 

Population genetic parameters relevant for forensic genetics, such as 
expected heterozygosity (Hexp), power of discrimination (PD), poly
morphic information content (PIC), random match probabilities (RMP), 
power of exclusion (PE) and typical paternity index (TPI) were calcu
lated for aSTRs and iiSNPs on a per marker basis using an in-house Excel- 
based workbook developed by one of the authors (JLK) and with the tool 
STRAF [33]. All calculations were performed independently for all study 
populations and for the pooled set labeled Northeast Peruvian Andes. 

3. Results 

After data curation and filtering, 233 autosomal genotypes (27 aSTRs 
and 94 iiSNPs) from the combined northeastern Andean Peruvian pop
ulations were included in the analyses. Complete length- and sequence- 
based autosomal STR genotypes (excluding locus Penta E) obtained for 
208 samples were also submitted to STRidER (STRs for Identity ENFSI 
Reference Database; https://strider.online) [34] for quality control 
check (STRidER dataset reference STR000340). 

3.1. Summary statistics 

In the sequence-based STR data, the most polymorphic loci varied 
according to population (Table S1a). In general, D12S391 showed the 
highest allele number, ranging from 33 in the Chachapoyas (Fig. 1) to 8 
in Huancas. In fact, D12S931 was the most polymorphic locus in all 
populations except in the Cajamarca and Huancas, where the highest 
number of alleles was observed in D1S1656 and in D2S1338. The 
number of observed alleles ranged from 6 (D10S1248, D22S1045, 

Fig. 1. Length-based (LB) and sequence-based (SB) allele counts for 27 aSTRs 
in the Chachapoyas. 
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TH01) to 33 (D12S391) in the Chachapoyas, from 4 (CSF1PO, TPOX) to 
18 (D12S391) in the Awajún, from 3 (CSF1PO, D17S1301, D4S2408) to 
12 (D12S391) in the Wampís, from 3 (D4S2408, TH01) to 9 (D1S1656, 
D2S1338) in Huancas, and from 3 (TPOX) to 12 (D1S1656) in 
Cajamarca. 

Length-based alleles showed different patterns of variation, with the 
highest allele number observed for Penta E in Chachapoyas (Fig. 1), 
D12S391 in the Awajún, D6S1043 in the Wampís, D1S1656 in the 
Huancas and three loci in the Cajamarca (D1S1656, D2S1338 and Penta 
E). The number of observed alleles ranged from 5 (D4S2408) to 20 
(Penta E) in the Chachapoyas, from 4 (CSF1PO, D3S1358, D4S2408, 
D9S1122 and TPOX) to 12 (D12S291) in the Awajún, from 2 (D4S2408) 
to 11 (D6S1043) in the Wampís, from 3 (D22S1045, D4S2408 and 
TH01) to 9 (D1S1656) in Huancas, and from 3 (D20S482, D9S1122 and 
TPOX) to 10 (D1S1656, D2S1338 and Penta E) in Cajamarca. 

For a detailed summary of the number of STR alleles refer to 
Table S1a. Six STR loci did not show any increase when comparing 
length- and sequence-based genotypes across all populations, namely 
CSF1PO, D10S1248, D17S1301, D22S1045, TH01 and TPOX. In 
contrast, loci D12S391, D13S317, D21S11, D2S1338, D3S1358 and 
vWA showed the greatest allele gain for example in the Chachapoyas. 

In the case of iiSNPs, 31 out of 94 showed an increase in the number 
of alleles when including sequence variation in the flanking region 
adjacent to the target SNP (Table S1c). From these, 14 were considered 
adventitious microhaplotypes for this study (i.e., observing three or 
more alleles at a locus above 1% in the Chachapoyas). As these ampli
cons were designed to target a single polymorphism (i.e., iiSNPs listed in 
the documentation of the kit), any additional information obtained from 
the flanking region may be considered fortuitous. As such, most loci with 
increased allele variation consisted largely of low-frequency variants (e. 
g., amplicon rs9905977). Similar to previous observations [35,36], the 
amplicons for rs9905977 and rs1109037 had the most observed alleles, 
with the latter amplicon producing four alleles with frequencies above 
0.20 in the Chachapoyas. Three additional loci (rs10776839, 
rs2830795, and rs876724) had three or more alleles with frequencies 
above 10% (the latter with three above 20%) suggesting that these 
markers may be particularly useful for mixture analysis given the small 
size of the amplicons. 

Length- and sequence-based allele frequencies are provided in 
Table S1b and Table S1c, respectively. For more detailed information on 
sequence variation in the repeat (STRs) and flanking regions, as well as 
chromosomal coordinates for reported regions for each locus, refer to 
Supplementary Table S2. All aSTR sequence variants were also sub
mitted to STRSeq [16], of which 31 novel sequences are being acces
sioned (indicated in Table S2, column STRSeqQueue). 

When examining the study populations independently, a significant 
HWE departure was observed only in the Chachapoyas at one locus 
(D1S1656) after Benjamini-Hochberg correction (Table S3). Addition
ally, after correction for multiple testing, the pooled set labeled North
eastern Peruvian Andes, had only one marker (rs2111980) deviating 
from HWE. Finally, when using 27 STRs for the pooled metadata from 
Peru (study and reference populations), two loci showed significant 
departures (Penta E and D3S1358). 

Linkage disequilibrium was assessed for 27 aSTRs and 94 iiSNPs in 
each study population and in the combined set Northeastern Peruvian 
Andes (Table S4). After correction for multiple testing (Benjamini- 
Hochberg), two pairs of syntenic loci showed departures from expecta
tions. One in the Chachapoyas (rs13182883 - rs338882), and one pair in 
the Cajamarca (rs6955448 - rs917118). From these two, only the pair 
rs6955448 - rs917118 has a separation distance of less than 0.3 cM 
(~0.2 cM), which is considered the limit of physical linkage. In the 
merged set Northeastern Peruvian Andes, one syntenic loci showed 
deviation after correction for multiple testing (rs13182883-rs338882); 
however, the distance between the start and end coordinates of these 
loci exceeds 0.3 cM. 

When including the full set of markers (115 markers with no missing 

data), FST pairwise values were small (FST ≤ 0.03, p ≤ 0.05) among our 
study populations and the Yavapai from North America as well as with 
the Hispanic reference population (HIS) from the USA (Table S1d) [10, 
29]. These affinities are reflected in the NJ tree where these populations 
cluster together (Fig. 2). 

3.2. Forensic genetic parameters 

In all populations and the combined Northeastern Peruvian dataset, 
Hexp as well as RMP, PD, PIC, PE and TPI were calculated for length- and 
sequence-based allele data (Table S5). Intra-allelic STR sequence vari
ation was observed in the majority of loci, which increased their Hexp. 
The percentage increases ranged from 0.2% (Penta E in Chachapoyas) to 
65.7% (D4S2408 in the Wampís). The average increase in Hexp over all 
STR loci in the combined Northeastern Peruvian Andes dataset was 
5.0%. 

Due to the small sample sizes (N < 30) of several of our study pop
ulations (i.e. Awajún,Wampís, Huancas, Cajamarca), the forensic pa
rameters results are presented and discussed only for the Chachapoyas 
and for the combined Northeastern Peruvian Andes dataset. When using 
length-based genotypes for STRs, the average single-locus RMP in the 
Chachapoyas was 0.123 ± 0.084, whereas for sequence-based geno
types it was 0.096 ± 0.069. In the case of iiSNPs, the average single- 
locus was 0.452 ± 0.112 while when including sequence flanking re
gion variation, it was 0.436 ± 0.123. Very similar values were obtained 
for the merged Northeastern Peruvian Andes set: length-based STR data 
RMP = 0.126 ± 0.085 and sequence-based data RMP = 0.101 ± 0.070. 
For iiSNPs, the single-locus RMP was 0.452 ± 0.115 while the sequence- 
based flanking region variation RMP was 0.436 ± 0.125. 

When considering only aSTRs in the Chachapoyas, the combined 
RMP for length-based data was 2.35 × 10-28 while for sequence-based it 
was 1.18 × 10-31. In the case of iiSNPs, the combined RMP were 
3.46 × 10-34 and 3.50 × 10-36 (including the flanking region). The RMP 
for length- and sequence-based variation in the Chachapoyas, including 
all markers, were 8.14 × 10-62 and 4.15 × 10-67, respectively. The PD 
was higher for the combined set of aSTRS and iiSNPs for both length- 
and sequence-based genotypes. When PD values were calculated sepa
rately for aSTRs and iiSNPs in the Chachapoyas, the latter provided 
higher values (Table S5). Similar to other measures of diversity (i.e. 
Hexp) and as expected, PIC is greater for aSTRs than for iiSNPs, irre
spective of length- and sequence-based genotypes. Most aSTRs in the 
Chachapoyas are highly informative (PIC > 0.5) with the exception of 
D4S2408 (0.4) for length-based data. PE values are highest for the full 
set of markers followed by iiSNPs and finally aSTRs. The PE probability 
was lowest for length-based data in the Chachapoyas. The combined TPI 
is higher for aSTRs than for the full set of markers for both length- and 
sequence-based data, and this is heightened when examining sequence- 
based variation (Table S5). 

In the merged Northeastern Peruvian Andes set, the combined aSTRs 
RMP for length- and sequence-based data were 9.85 × 10-28 and 
9.64 × 10-31, respectively. For iiSNPs, the combined RMP was 3 × 10-34 

and when including flanking region sequence variation it was 3.34 × 10- 

Fig. 2. NJ tree with all populations. The study populations cluster with the 
Yavapai of North America [11]. AFA = African American, ASN = Asian Amer
ican, CAU = Caucasian, HIS = Hispanic [10,29], all from the USA. A scale bar 
of 0.005 indicates the genetic distance (FST) between populations. 

E.K. Guevara et al.                                                                                                                                                                                                                             



Forensic Science International: Genetics 52 (2021) 102487

4

36. The RMP when incorporating all markers were 2.96 × 10-61 (length- 
based data) and 3.21 × 10-66 (sequence-based data). The PD was higher 
for the combined set of markers (aSTRS and iiSNPs) for both length- and 
sequence-based (flanking region for iiSNPs) genotypes. When indepen
dent PD calculations for aSTRs and iiSNPs were performed, higher 
values were observed in the SNP set (Table S5). Length- and sequence- 
based PIC values are greater for aSTRs when compared to iiSNPs or 
the full set of markers. Similar to the Chachapoyas, most aSTRs in this 
Northeastern Peruvian Andes combined set are highly informative (PIC 
> 0.5) with the exception of D4S2408 (0.282). PE values are highest for 
the full set of markers followed by iiSNPs and finally aSTRs. Again, here 
the PE probability was lowest for length-based data. The combined TPI is 
higher for aSTRs than for the full set of markers (for both length- and 
sequence-based data), which becomes even higher when examining 
sequence-based variation (Table S5). 

4. Discussion 

Even though assessments of the allele frequency variation and 
forensic genetic parameters were calculated for all populations, we focus 
on the Chachapoyas (N = 172) and on the merged dataset labeled 
Northeastern Peruvian Andes (N = 233) in most of the discussion. 

All individual study populations and also the combined Northeastern 
Peruvian Andes set can be assumed to be in HWE. The significant single 
deviations observed in the Chachapoyas and the pooled set can probably 
be attributed to genotyping errors since substructure, or any other 
population-level cause, would lead to more systematic deviations across 
loci. The HWE in the merged dataset, together with the largely non- 
significant differentiation between populations, suggests that the allele 
frequencies obtained from the pooled dataset could be used for esti
mating the power of evidence in forensic casework. On the other hand, 
the two deviations observed in the merged Peruvian metadata (study 
and reference populations) for STRs may indicate underlying population 
substructure within Peru since sample sets from different geographic 
origins were pooled (Andes, Amazon, Coast). After correction for mul
tiple testing (Benjamini-Hochberg), two pairs of syntenic loci showed 
significant LD deviations, one pair in the Chachapoyas (rs13182883 - 
rs338882) and one pair in the Cajamarca (rs6955448 - rs917118). It is 
known that genomic regions separated at >0.3 cM in most parts of the 
human genome are rarely physically linked [37], such as in the case of 
the deviation in the Chachapoyas. However, the LD deviation in the 
Cajamarca involves a pair separated by ~0.2 cM, suggesting that some 
population-level mechanism may be at play in this particular popula
tion. Nevertheless, in case of a population level cause, LD deviations 
should be more systematic, i.e. involving a larger number of locus pairs, 
which suggests that this observation is due to chance alone. For the 
Northeastern Peruvian Andes set, the same syntenic pair of loci as in the 
Chachapoyas showed deviation after correction for multiple testing 
(rs13182883 - rs338882); however, like in the previous case, this may be 
negligible as it occurred only in one locus pair separated by larger dis
tances at which LD is unlikely to occur. 

In the majority of STR loci, there was an increase in the number of 
alleles when comparing length- and sequence-based alleles in all pop
ulations. Only six out of 27 (22%) aSTRs did not show any increase 
(CSF1PO, D10S1248, D17S1301, D22S1045, TH01 and TPOX), a finding 
in line with previous observations [13]. Despite their small sample sizes, 
the other study populations showed also substantial allelic variation for 
different sets of loci (Table S1a). 

When examining length-based versus sequence-based genotypes in 
the Chachapoyas and in the Northeastern Peruvian Andes set, an in
crease in expected and observed heterozygosity was observed for the 
majority of aSTR loci, which adds to the growing body of evidence of 
length and sequence-diversity differences already observed for other 
populations in the Americas [10,12,36]. In the case of iiSNPs, about 33% 
of them exhibited flanking region variation (sequence-based alleles), 14 
of which were microhaplotypes. Microhaplotypes have various 

advantages over the commonly used gold standards, STRs, e.g. absence 
of stutter peaks, alleles of the same size at a given locus and low mu
tation rates [38,39]. These traits allow them to be successfully used for 
various forensic genetic applications such as human identification, 
ancestry prediction, kinship, detection and deconvolution of DNA mix
tures as well as treatment of degraded DNA samples [35,40–42]. 
Although information from worldwide populations has been examined 
for targeted microhaplotypes [38], a more comprehensive character
ization of variation for these adventitious microhaplotypes in the 
Americas is largely missing as there are few studies that have reported 
flanking-region variation of the iiSNPs targeted in the ForenSeq™ DNA 
Signature Prep Kit [35,36]. 

Similar to previous studies [13], the combination of aSTR and iiSNP 
loci information provides more statistical power in the calculation of 
forensic genetic parameters such as RMP. In the Chachapoyas, the 
dataset with the largest sample size (N = 172), some loci showed a large 
decrease while others exhibited little or no decrease (Table S6). For both 
length- and sequence-based data in the Chachapoyas and in the North
east Peruvian Andes sets, PD was higher when combining aSTRs and 
iiSNPs. Considering these two marker types separately, iiSNPs provided 
better resolution. PIC values are more informative for aSTR data 
(PIC > 0.5) in both population sets, with the exception of D4S2408 (and 
this only for length-based data). The patterns of PD and TPI in the 
Chachapoyas are mirrored in the Northeastern Peruvian Andes set for 
both length- and sequence-based data. The highest PE was observed for 
the full set of markers, followed by iiSNPs and then aSTRs. The com
bined TPI is higher for aSTRs than in the case of the full set of markers, 
which becomes larger when considering sequence-based data 
(Table S6). 

A phylogenetic tree shows that the Hispanic dataset (HIS) situates 
close to the European (CAU) suggesting the Hispanic set may have 
higher levels of admixture than our study populations, which is also 
supported by a cluster formed only by Native American populations 
positioned more distant to datasets of different continental origins. A 
similar pattern has also been observed with model-based clustering 
methods for these datasets [43]. 

5. Conclusion 

Here we report the first characterization of length- and sequence- 
based genotypes from five populations (N = 233) from Northeast Peru 
with the ForenSeq™ DNA Signature Prep Kit. There were no systematic 
HWE and LD deviations (syntenic loci) for individual populations or in 
the combined set from the Northeastern Peruvian Andes, which suggests 
this pooled set can be used for forensic genetic casework. However, 
when our full aSTR dataset was merged to other populations from Peru, 
two loci were not in HWE, which implies there is substructure within 
Peru, since populations from different macro regions were included 
(Amazon, Andes and Coast). 

For aSTRs, sequence-based genotypes showed an increase in allelic 
variation (21 loci) giving more resolution and power in the calculation 
of various forensic genetic parameters (e.g. RMP, PD, TPI). Similarly, 
several iiSNPs (33%) exhibited flanking region variation which also 
included adventitious microhaplotypes (15%). The new layer of infor
mation provided by the sequence-based data reported in this study 
contributes to uncover underlying genetic variation in populations from 
Peru, which is also useful for other forensic applications such as kinship 
or DNA mixtures. 

The genotypes, allele frequencies and the estimated forensic genetic 
parameters, from both length- and sequence-based data in this study, 
will contribute to increase the available data sets in the Americas and 
provide essential information for other forensic genetic studies in Peru 
and South America. 
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