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Conclusion
We suppose that the wild-
type alleles were inherited
from Saami reindeer,
which were traditionally
herded in a “loose”
manner (without
continuous control over
the herd) and apparently
represented a group
genetically more close to
the wild relatives than
Nenets ecotype.
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Material & Methods (Click)
We examined 20 samples from
Murmansk region (MUR) and 33 samples
from NAO (NEN). 27 samples of wild
reindeer representing Taimyr population
were taken as an outgroup (WLD). DNA
was extracted from tissue samples using
Nexttech column (Agrobiogen
Biotechnologie GmbH, Munich,
Germany) according to manufacturer's
recommendations. Statistical analysis
was performed using PLINK 1.9,
Admixture 1.3, TreeMix 1.13 software
and R packages “diveRsity” and
“StAMMP”.
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Reindeer herding in Murmansk region (the Kola Peninsula), Russia is based on the Nenets breed which
replaced animals that were traditionally raised by Saami people in this territory at the end of 19th century.
However, individuals representing the Kola Peninsula are morphologically different from the Nenets breed
being raised in Nenets Autonomous Okrug (NAO).

OUR STUDY WAS AIMED AT INVESTIGATION OF GENETIC DIFFERENCES BETWEEN TWO ECOTYPES OF THE NENETS 
REINDEER BREED USING BOVINE HD BEADCHIP

Results (Click)
8781 polymorphic SNPs were selected for the analysis after the quality
control. The analysis of population structure assigned semi-domestic
and wild individuals to different clusters at K=2, which was determined
as the best fit of our dataset. Herein MUR displayed admixture traces
originating from WLD. The fact that MUR was an admixed population
was confirmed by the f3 statistic (Z-score = -3.97, p-value < 0.001).
TreeMix analysis revealed a migration event from WLD to MUR (p-value
< 0.001). Pairwise Fst values between MUR and WLD (0.038) were lower
than between NEN and WLD (0.061). Our results demonstrated that
Murmansk ecotype of semi-domesticated reindeer is genetically
different from the Nenets ecotype. It was found that MUR was an
admixed population with 20.12±1.97% of wild ancestry
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Figure 1. The Nenets breed of reindeer
Due to reindeer in the tundra and forest tundra zones, millions of hectares of

pastures unavailable to other animals are effectively used [2]. According to the Arctic
Council's project “Sustainable Reindeer Breeding” [3], Russia has about 2/3 of the
world's domestic reindeer stock browsing in tundra, forest tundra, boreal forest, and
mountain regions throughout the territory of over 3 mln km2. In 1985 by the order of
the Ministry of Agriculture of the USSR based on biometric data, structural and
analytical approach, four reindeer breeds were officially recognized: the Evenk, the
Even, the Chukotka, and the Nenets. The Nenets reindeer, the most numerous of the
four breeds, are superb for transport, for long-distance migrations, and at the same
time for meat production (4). This breed is widely spread in Nenets, Yamalo-Nenets,
Khanty-Mansi and Tamyr Autonomous Okrugs, Arkhangelsk and Murmansk [the Kola
Peninsula] regions, and the Republic of Komi (5). However, individuals representing the
Kola Peninsula are morphologically different from Nenets breed being raised in Nenets
Autonomous Okrug (NAO). To date, the commercial DNA chips designed by Illumina are
widely used for the genotyping of farm animal species. For non-model species
(including reindeer), due to the lack of information about the complete genomes, the
development of such kind of an SNP matrix remains unachievable. However, In 2015,
we published the first evidence of the successful application of DNA chips developed
for cattle (Illumina BovineSNP50 BeadChip) and domestic sheep (Illumina OvineSNP50
BeadChip) to study the reindeer (6). Here, we aimed at investigation of genetic
differences between two ecotypes of the Nenets breed using BOVINE HD BEADCHIP.

Reindeer breeding is one of the oldest animal industries that takes the leading
place in agriculture and commercial industry of the Far North. This is the only
agricultural industry in which 18 indigenous minorities numbering over 130,000
people, mostly rural dwellers, are directly or indirectly involved [1].
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Materials and Methods

Experimental Design

Animal sampling. We examined 20 samples from
Murmansk region (MUR) and 33 samples from NAO (NEN).
Twenty-seven samples of wild reindeer representing Taimyr
population were taken as an outgroup (WLD).

DNA extraction and concentration. Genomic DNA was
extracted from muscle and tissue samples using Nexttec
columns (Nexttec Biotechnology GmbH, Germany) following
the manufacturer's instructions. The quality of extracted DNA
was examined by electrophoresis using 1% agarose gels
viewed under ultraviolet light. The concentration of DNA
solutions was quantified using a Qubit 3.0 fluorimeter (Life
Technologies). The OD260/OD280 ratio of DNA solutions was
determined by NanoDrop-2000 (Thermo Fisher Scientific,
Wilmington, DE, USA).

SNP Genotyping. Whole-genome SNP genotyping was
performed using the Illumina BovineHDBeadChip 777,962
SNPs.

SNP selection for analysis. The markers were selected
according with the follow filters:

Statistical analysis was performed using PLINK 1.9,
Admixture 1.3, TreeMix 1.13 software and R packages
“diveRsity” and “StAMMP”.
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Results

Figure 2. Neighbor-Net phylogenetic tree based on pairwise Fst values (A) and Multidimensional scaling 

analysis (B) of the reindeer populations

8781 polymorphic SNPs were selected for the analysis after the quality control. Neighbor-
Net phylogenetic tree based on pairwise Fst values as well as MDS a distinct differentiation
of all studied populations (Figure 2 A,B). TreeMix analysis revealed a migration event from
WLD to MUR (p-value < 0.001) (Figure 3).
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Figure 3 Maximum likelihood tree of all studied 

reindeer groups with one migration events based on 
8781 SNPs



Results

Genetic diversity analysis (Table 1) revealed that WLD
was characterized by higher level of genetic variability in
comparison with two populations of the Nenets breed.
The analysis of population structure assigned domestic
and wild individuals to different clusters at K=2 (Figure
4), which was determined as the best fit of our dataset.
Herein MUR displayed admixture traces originating from
WLD. The fact that MUR was an admixed population was
confirmed by the f3 statistic (Z-score = -3.97, p-value <
0.001).

Our results demonstrated that Murmansk ecotype of
domestic reindeer is genetically different from the
Nenets ecotype. It was found that MUR was an admixed
population with 20.12±1.97% of wild ancestry.

Figure 4. Population structure analysis of reindeer populations inferred using Admixture software 

based on 8781 SNPs for K=2 and K=3

Pop n Ho He Fis Ar

MUR 20 0.171±0.002 0.175±0.002 0.021 [0.015;0.026] 1.738±0.005
NEN 33 0.169±0.002 0.170±0.002 0.010 [0.006;0.015] 1.676±0.005
WLD 27 0.173±0.002 0.176±0.002 0.016 [0.012;0.020] 1.801±0.004

Table 1. Genetic characteristics of two populations of the Nenets breed and wild
reindeer
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Conclusion We suppose that the wild-type alleles were inherited from Saami reindeer, which were
traditionally herded in a “loose” manner (without continuous control over the herd) and apparently
represented a group genetically more close to the wild relatives than Nenets ecotype.
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