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Abstract
A total of 550 individuals (265 males and 285 females) from Sierra Leone, a west-African coastal country, were genotyped using
the Microreader™ 19X ID System kit. No significant deviations from the Hardy-Weinberg equilibrium were observed. A total of
250 alleles were identified with corresponding allele frequencies spanning from 0.0012 to 0.6762. PIC of the loci ranged from
0.4615 to 0.9481. The CPE, CPDF, and CPDM were 0.9999997856, 0.999999999999999999995774, and 0.999999999998997,
respectively. The highly combined MECKruger, MECKishida, MECDesmarais, and MECDesmarais Duo were achieved as
0.99999992508, 0.999999999990802, 0.999999999990836, and 0.99999998412, respectively. Genetic comparisons revealed
that genetic homogeneity existed in similar ethno origin or geographic origin populations. This is a pioneering genetic investi-
gation using the Microreader™ 19X ID System kit in the population of Sierra Leone.
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Introduction

Sierra Leone is a coastal country in west Africa (Fig. S1) with
a total area of 71,740 km2 and 7,075,641 individuals, accord-
ing to the 2015 census. The capital and largest city is
Freetown. Sixteen ethnic groups with their own languages
and customs inhabit Sierra Leone, including the two largest

and most influential, Mende and Temne. A total of 77% of
Sierra Leone individuals are Muslim and 22% are Christian
[1]. X chromosomal short tandem repeat (STR) loci combine
the characteristics of uniparental and autosomal genetic
markers and therefore possess highly desirable features for
paternity testing, especially in deficiency paternity cases with
female offspring [2]. Numerous population genetic databases
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of X-STR loci have been reported all over the world, while the
genetic polymorphisms and forensic characterization in Sierra
Leone remain unexplored. This study used the Microreader™
19X ID System kit in a Sierra Leone population.

A total of 550 individuals (265 males and 285 females)
from Freetown were included in this study. All gave informed
consent. Blood samples were collected on Whatman FTA
cards and kept at 4 °C. Isolation of genomic DNAwas carried
out using the Chelex-100 method. The multiplex PCR ampli-
fication was performed using the Microreader™ 19X ID
System kit (Microread Genetics Co, Suzhou, China), includ-
ing DXS6795, DXS6803, DXS6807, DXS9907, DXS7423,
GATA172D05, DXS101, DXS9902, DXS7133, DXS6810,
GATA31E08, DXS6800, DXS981, DXS10162, DXS6809,
GATA165B12, DXS10079, DXS10135, and HPRTB, in a
single PCR multiplex reaction on the GeneAmp PCR
System 9700 thermocycler (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s protocol.
Standard DNA 9947A and ddH2O were used as positive and
negative control respectively. PCR products were detected
and separated on an ABI PRISM 3130xl Genetic Analyzer
by capillary electrophoresis. The fragment sizes and geno-
types were determined using GeneMapper v.3.2 software
(Applied Biosystems, Foster City, CA, USA) in comparison
with allelic ladders provided in the kit. Our experiments were
carried out in line with the ethical guidelines of the Grey Bush
Community Health Center, Ascension Town, Sierra Leone.

Allele frequencies were analyzed by the counting method
in Microsoft Excel 2013. Polymorphism information content
(PIC), heterozygosity (HET), power of exclusion (PE), power
of discrimination in females (PDF), power of discrimination in
males (PDM), and mean exclusion chance (MECKruger,
MECKishida, MECDesmarais, and MECDesmarais Duo) based on
allele frequencies were calculated using the online calculation
tool on the ChrX-STR.org 2.0 database (http://www.chrx-str.
org) [3]. Exact test of the Hardy-Weinberg equilibrium (HWE)
in female samples, exact test of linkage disequilibrium (LD) in
male samples, and likelihood ratio test of LD in female sam-
ples were calculated using the ARLEQUIN software version
3.5. The coefficient of gene differentiation based on FST ge-
netic distance [4] was compared with populations fromAfrica,
Latin America, Europe, and Asia using the POPTREE2 soft-
ware [5] and visualized as a Neighboring-Joining tree.

As no significant differences in allele distributions between
male and females were found for the 19 loci, samples were
pooled and allele frequencies and the forensic statistic param-
eters are presented in Table S1. A total of 250 unique alleles
were observed. DXS10135 was the most informative locus
(PIC = 0.9481) with 60 unique alleles and DXS6807 was the
least informative (PIC = 0.4615) with 8 alleles. Novel off-
ladder alleles were observed at HPRTB (11.3), DXS10135
(42, 42.2), DXS10079 (12.3, 12.2), DXS10162 (11),
DXS981 (9), DXS6803 (7), and DXS6795 (17) in our study.

All 19 X-STR loci in female samples were in Hardy-Weinberg
equilibrium (Table S2) after Bonferroni correction (p < 0.05/
19 = 0.0026). The PE, PDF, and PDM varied from 0.1778 to
0.8989, 0.7113 to 0.9953, and 0.4887 to 0.9503, respectively.
The CPE, CPDF, and CPDM were 0.9999997856,
0.999999999999999999995774, and 0.999999999998997,
respectively. The high combined MECKruger, MECKishida,
MECDesmarais, and MECDesmarais Duo were achieved as
0.99999992508, 0.999999999990802, 0.999999999990836,
and 0.99999998412, respectively.

For a significance level of 0.00029 (after the Bonferroni cor-
rection for 171 comparisons) in the exact test of linkage disequi-
librium (LD) between all pairs of loci in male samples, a signif-
icant p value (p < 0.0001) was obtained only for DXS101 and
DXS7423 (Table S3). Generally, the significant p value may be
associated with random genetic drift, founder effect, mutations,
natural selection, and recent population admixture events or strat-
ifications [6]. Considering the physical distance of DXS101 and
DXS7423 is 48.16 Mb (Table S4) from the ChrX-STR.org 2.0
database (http://www.chrx-str.org) [3], we think that the sampling
error is the reason we detected the linkage disequilibrium. Thus,
further population analysis would be necessary to clarify precise
LD relationships about these loci. For the same significance level
of 0.00029, no significant p values were found in the likelihood
ratio test in female samples (Table S5). Based on the existent data
and these two tests, we can consider that all X-STR loci in the
Microreader™ 19X ID System kit are independent of each other,
which could maximize the combined polymorphism and diver-
sity index and increase the combined power of individual dis-
crimination and the combined mean exclusion chance level of
this kit.

FST genetic distance was tested based on 6 overlapped X-
STR loci to measure a genetic differentiation among other pop-
ulations (Table S6). A Neighboring-Joining tree was construct-
ed to evaluate the phylogenetic relationships between Sierra
Leone and 18 other populations. Two main clusters were
grouped and African countries formed the upper cluster (Fig.
S2). It is worth noting that Sierra Leone was first grouped with
southern Sahara Desert countries (Malawi, Equatorial Guinea,
Uganda) and then northern Sahara Desert countries (Morocco
and Tunisia), which indicated that the population migration and
social integration process between the north and south sides of
the Sahara Desert were impeded by the desert itself. The results
of the bottom cluster countries were generally in accordance
with their biogeographic distributions.

In conclusion, our study is pioneering for the use of
Microreader™ 19X ID System kit in Sierra Leone. The results
suggest that the Microreader™ 19X ID System kit is highly
polymorphic and informative and can be considered to be a
powerful tool in complex forensic casework, kinship analysis,
and human identification in the Sierra Leone population.
Population comparisons generally mirror their historical rela-
tionships and geographic location on the world scale.
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