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Abstract — The evolution of humans was influenced by
environmental conditions, particularly when they left Africa.
Exploration of the genetic variations in the populations
leaving in extreme climates will lead to better understanding
of molecular-genetics mechanisms of adaptation. In the
current study we investigated the genome-wide data of
Khahty, Mansi, and Nenets people for signatures of selection
using the population branch statistic test and revealed strong
signals located in a cluster of alcohol dehydrogenase 1 genes.
We hypothesize that it can be due to the limited diversity of
food intake the indigenous people of the Northern Ural and
Siberian experience.
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Motivation and aim

Motivation

Human populations evolved in the tropics and spread all
over the climatic zones after they left Africa. Humans
adapted to environmental pressures via phenotypic and
genetic mechanisms. Knowing the genetic variants involved
in adaptive processes can uncover the targets for producing
the beneficial phenotypes [1]. There are habitats with
exceptional heat, cold, ultraviolet light, or low ambient
oxygen. The adaptation to extreme conditions can be of
more apparent manifestation on the genomic level and thus
more easily detected.

Exploration of genetic variations in populations became
available last decade on unprecedented level with
genotyping by DNA-microarrays and high throughput
sequencing.

The genotypes of 200 individuals from ten indigenous
Siberian populations have been scanned for positive
selections with iHS, XP-EHH, and PBS tests [2]. The
authors reported the loci associated with genes involved in
energy metabolism, vascular smooth muscle contraction,
and DNA damage response against UV radiation. The other
researches [3] revealed the polygenic selection related to fat
metabolism in the exome sequence data from Nganasans
and Yakuts that was consistent to adoption to a fat-rich
animal diet.

We are interested in studying of the neighboring regions
with extreme climate. One of such habitats is the arctic and
subarctic Transuralic regions. In the Polar Ural the winter
lasts nearly seven months and temperature frequently drops
below minus 40 degrees of Celsius.

These regions are home to Udmurts, Mari, Komi, Mansi
and Khanty people. The indigenous populations of the Polar
Urals are the Nenets and Samoyedic peoples. The genetic
variations in these populations are not yet studied
appropriately. Their genome-wide data on single nucleotide
polymorphisms are quite promising for searching for
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genomic «footprints» of natural selection driven by extreme
conditions.
Aim

The aim of the research was to search for signals of
natural selection in the genome-wide microarray data of
Khanty, Mansi and Nenets peoples with the use of
Population Branch Statistics (PBS). The goal was divided
into the following tasks: create a pipeline to estimate the
PBS values from the genotypic data given in Plink binary
format; validate the pipeline using public research data;
count the PBS values for Khanty, Mansi, and Nenets
peoples; and interpret the genetic signals of selection in
terms of biological processes.

Methods

Following the Cardona et al. [2] we developed our own
bioinformatics pipeline to estimate the PBS from the
genotypic data obtained with DNA-microarrays. Firstly, we
applied this pipeline to the data sets of the above mentioned
authors who deposited them into NCBI GEO with accession
number GSES55586. We estimated the PBS in 100 kb
windows across the genome and found that the top 1% of
windows obtained by us to be in good agreement with those
of published previously. Then we applied the pipeline to
estimate the PBS for Khanty, Mansi, and Nenets peoples.
The collection of samples, DNA extraction and genotyping
procedures for these populations were described previously
[4]. The data consisted of 42 (Khanty), 37 (Mansi) and 41
(Nenets) unrelated individuals. CEU population from
HapMap III project [5] and a group of Vietnamese people
from the study by Cardona et al. [2] were used as outgroup
samples during PBS calculations. The number of common
SNPs left consisted of 450467 (Khanty-CEU-Viet), 445231
(Mansi-CEU-Viet), and 434777 (Nenets-CEU-Viet).

For each 100 kb window we identified the maximum
PBS value but tightened the outlier detection by choosing
top 0.1% of such windows. They were further annotated by
intersecting with the genomic coordinate of genes using
Ensembl gene annotation GRCh37.87 [6]. The intersection
was made with bedtools 2.29.2 [7]. The selected genes were
further tested for overrepresentation in MSigDB v.7.1
[8].The sets of genes from Gene Ontology and KEGG were
used in the tests.

Results

We developed a pipeline to estimate the PBS values and
validated it using the data published previously. The
application of this pipeline to Kanty, Mansi, and Nenets
populations resulted in 26 top ranked windows all over the
genome for each tested population. The analysis in MSigDB
revealed the genes that are overrepresented in GO:0042572
process, which relates to retinol metabolism. These are
ADHI1A, ADH1C, ADH1B, and PLB1 (FDR = 1.65E-04)
in the case of Khanty and ADH1A, ADHIC, ADHI1B, and



ADHG6 (FDR = 7.13E-05), in the case of Nenets. The genes
ADH6, ADHIA, ADHIB, and ADHIC intersect two
adjacent windows starting at genomic coordinates
chr4:100100000 and chr4:100200000, which have the PBS
values within 0.1% of the top values.

Retinol is one of the three substances of vitamin A. The
vitamin A can be effective antioxidant that prevents or
improves disease conditions caused by oxidative stress [9].

The indigenous people of Khanty-Mansi Autonomous
Okrug (e.g., khanty) were found to have lower content of
vitamin A in comparison with those who arrived into this
region [10].The authors of this research believe low level of
vitamin A can result from inadequate intake. The variety of
food resource is limited. The product reach of vitamin A
(butter, milk, eggs, cheese, green and yellow vegetables and
fruits) are almost absent in the diet of indigenous people of
Khanty and Mansi. The only source of this vitamin for them
is fish fat.

Thus one can assume that the people from Northern Ural
and Western Siberia are adopted to low level of vitamin A
and high PBS values annotated with the genes related to the
metabolism of retinol can reflect such adoption on the
genetic level.
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