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Abstract In contrast with the traditional methods applied
to assessment of population diversity, high-throughput se-
quencing technologies have a wider application in clinical
practice with greater potential to find novel disease-
causing variants for multifactorial disorders. Widely used
test panels may not meet their goal to diagnose the pa-
tient’s condition with a full reliability since this method
often does not take into account the population frequen-
cies of analyzed genetic markers. Here, we analyzed 57
male individuals of five ethnic groups from Russia and
Tajikistan using the whole exome sequencing technique
(Ion AmpliSeq Exome), which resulted in detecting more
than 299,000 single nucleotide polymorphisms. Samples
formed clusters on the PCA plot according to the geo-
graphical location of the corresponding populations.
Thereby, the methodology of whole-exome sequencing,
in general, and the Ion AmpliSeq Exome panel, in partic-
ular, could be positively applied for the purposes of pop-
ulation genetics and for detection of the novel clinically
relevant variants.
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1 Introduction

Historically, the classical method to discover the pathogenic
genome changes is based on the Sanger sequencing of the target
gene, which carries a mutation. Constantly updated knowledge
bases of multifactorial disorders help to construct a wide spec-
trum of the diagnostic test panels for the detection of states of
many specific disease-associated genetic markers simulta-
neously. Getting cheaper and more precise, next-generation se-
quencing technologies enhance the potential of medical diag-
nostics and bring themodern genome analysis approaches, such
as whole genome sequencing (WGS) and whole exome se-
quencing (WES), into the clinical practice. These techniques
allow to reveal the novel pathogenic and benign single nucleo-
tide polymorphisms (SNPs), insertions, and deletions, which
characterize the heterogeneous conditions [1] and to respecify
the annotation of SNPs’ clinical effect for different populations,
assigned previously by using microarrays. It has been shown
before that the set of disease-associated genes varies according
to the patient’s ethnicity [2], which brings universality of diag-
nostic panels into challenge. In this connection, the medical
diagnosis should be provided with considering the population
frequencies of the pathogenic variants.

Currently, several methods are applied to define population
diversity, including Y-chromosomal and autosomal STR pro-
filing [3], mtDNA sequencing [4], and SNP arrays such as
Illumina chips [5], human origin array [6], and GenoChip
[7]. All these specialized genotyping tools were designed to
have the most convenient application in the field of population
genetics, but not to detect the clinically relevant SNPs.
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The gene pool of the North Eurasian populations was well
studied by many genetic systems, but nevertheless, the medi-
cal application of its genome profiling is on the initial stage.
Thus, in the present study, we assess a possibility of WES to
provide significant convenience for detection of specific
population-associated and clinical markers.

2 Material and Methods

Fifty-seven DNA samples (19 male individuals belonging to
Kazan Tatars population (from Tatarstan Republic of Russia), 4

to Mishari Tatars (Tatarstan Republic of Russia), 7 to Erzya
(Mordovia Republic of Russia), 7 to Moksha (Mordovia
Republic of Russia), and 20 to Tajik (Tajikistan)) were obtained
from Biobank of indigenous populations of North Eurasia [8].
Blood samples were collected following signed informed con-
sent from the participants who identified their four grandparents
as members of the given ethnic group. DNAwas obtained with
phenol-chloroform extraction. For the target regions, amplifica-
tion with specific primers pool 50 ng of non-degraded genomic
DNAwere used. Ion AmpliSeq Exome libraries were prepared
and sequenced according to the manufacturer’s specifications on
the Ion Proton System with mean coverage of 51× and average
number of reads on target of 95 %. Trimmed and filtered high
quality reads (quality score >14) were aligned to the Human
Genome Reference Consortium build 37 using the BWA soft-
ware package (v.0.7.12). The Genome Analysis Toolkit v.3.3.0
(GATK) was used for further improvement of reads alignment
according to GATK Best Practices [9]. For variant calling
Unified Genotyper module was used with following GATK hard
filtering (QD < 2.0, FS > 60.0, MQ < 40.0, MQRankSum <
−12.5 for heterozygous SNP, ReadPosRankSum< −8.0 for het-
erozygous SNP, DP < 30 for heterozygous SNP, and DP < 20 for
homozygous SNP). Indels were not considered as well as SNPs
with more than one variant. For PCA analysis, we applied the
additional filters: missing calls less than 0.05, MAF above 0.01,
and LD less than 0.2 in the sliding window of 1500 shifting by
150 bp each step. PC1 and PC2 described 2.5 and 2.1 % of total
variation, respectively.

Fig. 1 Intersection between SNPs represented in GenoChip array and
those detected for 57 samples using WES

Fig. 2 Principal component plot
of the 57 sequenced samples (PC1
and PC2)
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Raw data for this project is stored on the Kazan Federal
University servers and could be shared according to the Ethics
Committee approval upon request.

3 Results and Discussion

SNP calling for all 57 analyzed exomes resulted in more than
299,000 raw variants. Comparing with the GenoChip, one of
the most widely used in population genetic studies SNP array
revealed very minor overlap of 1 % with WES variants
(Fig. 1). This exemplifies how large portion of SNPs present
within the coding parts of genome is missed by SNP arrays but
could be revealed by whole exome sequencing. Consequently,
the exome sequencing technique has a huge potential to reveal
the novel ethnic-associated markers.

The principal component analysis of the filtered dataset
(20350 SNPs) revealed clear clustering of the individual sam-
ples according to their population of origin (Fig. 2). It is no-
table that both populations from Mordovia cluster together
while Mishari Tatars find their place in between these popu-
lations and Kazan Tatars population. Samples from Tajikistan
are genetically distant, in line with their geographic separa-
tion. We observed the difference between mountain Tajiks
(designated as Tajiks_M on the plot) and lowland Tajiks
(Tajiks_LL), with the latter were more genetically similar to
Tatars.

We believe that the AmpliSeq panel, which was designed
initially for the medical use, could become a beneficial tool for
future research in the field of population genetics, as well.

4 Conclusions

High-throughput WES with the Ion AmpliSeq Exome
panel, resulted in dozens of thousands of new SNPs,
shows sufficient resolution for the reflection of population

diversity, on the one hand, and allows to discover the
clinically relevant variants, on the other.
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