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A b s t r a c t  
 

Reindeer (Rangifer tarandus) is a valuable member of the Arctic ecosystems and the main 
livestock species of the Russian North, which require the analysis of the genetic structure and the 
possibility of addressing the differences between wild and domestic forms, breeds and populations 
using modern molecular genetic approaches. The use of DNA chips based on parallel genotyping of 
hundreds of thousands of SNP markers is an effective approach to study the reindeer genome, but at 
the same time due to a high price, it is not beneficial for wide practical application. In this regard, 
the aim of our work is to select the optimal number of SNP markers that allow conducting popula-
tion and genetic studies of reindeer without loss of bio-informatics content. The sample collection 
included wild deer (WLD, n = 83) inhabiting the Taimyr Peninsula and the Republic of Sakha (Ya-
kutia), and domestic deer of the Nenets breed from the Nenets Autonomous Okrug (NEN, n = 100) 
and the Murmansk Region (MUR, n = 19), as well as from Even and Evenki breeds from the Re-
public of Sakha (Yakutia) (YAK, n = 19). All deer were genotyped using a high-density DNA chip 
BovineHD BeadChip (777,962 SNPs). After quality control and filtering, 4456 polymorphic SNP 
markers remained in the analysis. In the TRES program, using the Delta method, 368 of the most 
informative SNP markers were selected. Data processing was performed in the Admixture 1.3, 
PLINK 1.9 programs and R packages (ggplot2, adegenet 1.3-1, pophelper, diveRsity). It was shown 
that 70 % from 368 selected SNPs had a high minor allele frequency (MAF  0.3), while about 50 % 
from set including 4456 markers had MAF  0.1. Comparing the results of principal component 
analysis (PCA), discriminant principal component analysis (DAPC), and cluster analysis, no loss of 
information value was found for 368 SNPs compared to using the set of 4456 markers. Comparing 
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pairwise FST values between the studied groups of reindeer, the similarity of the interpopulation link-
ages was demonstrated, based on 4456 and 368 SNP markers, respectively. Thus, the selected panel 
of SNP markers is an informative, universal for both wild and domestic deer and a cheap approach 
for creating a custom DNA chip for reindeer.  
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Reindeer (Rangifer tarandus) is a unique species, among which both the 
wild and the domestic forms coexist and are valuable members of the Arctic eco-
systems [1, 2]. Both the forms require the development of rational programs to 
conserve their genetic diversity. Rapid improvements and increased availability 
of new-generation sequencing technologies (next-generation sequencing) have 
led to an increase in the numbers of full genomes determined for various animal 
species each year [3, 4].   

Over the past few years, numerous studies have been performed to map 
the genome of the reindeer, which has revealed three versions of the genome 
assembly. In 2017, a group of Chinese researchers introduced the first version of 
the domestic reindeer genome [5]. DNA was extracted from the blood of one 
female of the Evenk breed from a population which had been introduced into 
the mountains of Inner Mongolia in China, and sequencing of the sample was 
performed on the HiSeq 4000 platform (Illumina, San Diego, CA, USA).  

This assembly showed that the total genome size of the domestic rein-
deer was 2.64 Gb. A total of 21,555 protein-coding genes were decoded, and 
3803 genes were completely reconstructed (92.6% of the genome size). However, 
it was later discovered that this genome assembly was fragmented and contained 
a high percentage of missing data [6]. 

In 2019, the genome of the caribou, the North American relative of 
R. tarandus [6] with a genome size of 2.205 Gb, was announced. According to 
Taylor et al. [6], the caribou genome includes 33,177 protein-coding genes, in-
cluding 3820 (93.1%) completely reconstructed genes. However, since the wild 
and the domestic forms of R. tarandus are clearly differentiated by single-
nucleotide polymorphism (SNP) markers [8], this described genome assembly 
may not be relevant to the domestic reindeer. Finally, a group of Scandinavian 
researchers [7] performed deep sequencing of the domestic reindeer genome us-
ing the HiSeq2500 and HiSeq 4000 systems (Illumina). However, the complete 
nucleotide sequence of this assembly, which had a total size of 2.66 Gb and in-
cluded 26,785 protein-coding genes, cannot be found in the National Center for 
Biotechnology Information database and other platforms. As a result, despite 
significant successes in decoding the reindeer genome, this species remains in 
the non-model category.   

Negative anthropogenic factors and unpredictable climate changes in the 
reindeer habitat have led to irreversible critical changes in the biodiversity of this 
species [9, 10]. At present, there has been an active research for the search and 
implementation of various approaches for assessment of the genetic diversity, for 
the study of the population structure, and for the reliable differentiation of the 
intraspecific groups [11]. SNPs have been widely used as DNA markers for stud-
ying the genetic structure of populations [12]. The use of a DNA microarray 
enables simultaneous genotyping of myriad markers. However, the main task in 
most studies is to determine the pedigree, the group, or the individual origin of 
the animal [13]. In this case, it is reasonable to use only those SNPs that can 
most accurately differentiate relevant individuals at a lower cost using faster pro-
cedures compared to that in genome-wide genotyping approaches [13, 14]. In 
this study, SNPs that met the criteria as markers for creating a custom DNA 
microarray were selected for the reindeer using a minor allele frequency (MAF) 
above 0.3 to preserve the bioinformatics value and universal nature of this infor-
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mation in population genetics studies of both the domestic and the wild forms of 
R. tarandus. 

Our aim was to select the optimal number of SNPs that enabled popula-
tion genetics studies of the reindeer without the loss of bioinformatics content 
and for performing a comparative analysis of the information of the selected and 
of all the polymorphic SNPs. 

Techniques. The studies were performed on the wild and the domestic 
reindeer in 2019. The wild reindeer population (WLD, n = 83) included the 
reindeer inhabiting the western part of the Taimyr Peninsula and representatives 
of the Leno-Olenek and the Sundrun subpopulations from the Republic of 
Sakha (Yakutia) territory.  

The domestic reindeer group consisted of animals of the Nenets breed, 
which are bred in the territory of the Nenets Autonomous district (NEN, n = 100 
and the Murmansk Region (MUR, n = 19), as well as the Even and the Evenk 
breeds from the Republic of Sakha (Yakutia) (YAK, n = 19). Genomic DNA 
was extracted using the Extran2 DNA kits (Syntol CJSC, Moscow, Russia) ac-
cording to the manufacturer’s instructions. The quality and integrity of the DNA 
samples were checked by electrophoresis on a 1% agarose gel. DNA concentra-
tion was measured on a Qubit 2.0 fluorimeter (Invitrogen, Carlsbad, CA, USA). 
DNA purity was determined by evaluating the absorption ratio of A260/A280 on a 
NanoDrop8000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, 
USA). All the investigated reindeer individuals were genotyped using the Illumi-
na BovineHD BeadChip, which contained 777,962 SNPs (Illumina). Genotypes 
were obtained using the Genome Studio 2 (Illumina). Reading quality (GenCall, 
GC) and the degree of SNP clustering (GenTrain, GT) were evaluated by estab-
lishing filters with limit values of 0.5 for both indicators [15]. In PLINK v. 1.90 
[16], SNPs located on the sex chromosomes, characterized by MAF below 5% 
(-MAF 0.05), that deviated from the Hardy-Weinberg equilibrium at p < 10-6 
(-hwe 1e6), those that were in linkage disequilibrium (--indep-pairwise 50 5 0.5), 
and those for which less than 90% of the animals were genotyped (- -geno0.1) 
were excluded from the analysis. After filtering, 4456 polymorphic SNPs were 
included for analysis.  

The next step was selection of the most informative SNPs for inclusion 
in the user panel. Markers were selected in the TRES program (Toolbox for 
Ranking and Evaluation of SNPs) [13] according to the Delta method [17] in 
accordance with the equation:  

δ = ∣pi
A  pj

A∣, 
where pi

A is the frequency of allele A in the ith population and pj
A is the fre-

quency of the same allele in the jth population.  
Next, the loci were evaluated based on their δ values and ranked in a de-

scending order from the highest values to the lowest value of 0.2. As a result, 
368 SNPs were selected.  

The graphs of the distribution of SNPs in the different groups depending 
on the MAF values were visualized using the R package [18]. Principal compo-
nent analysis was performed in PLINK 1.9 and the results were visualized in the 
R package ggplot2 [19]. Discriminant analysis of the principal components for 
the investigated reindeer groups was performed using the R package adegenet 
1.3-1 [20, 21], the cluster analysis — in Admixture 1.3 [22] with subsequent vis-
ualization with R package «pophelper» [23]. The pairwise fixation index (FST) 
values [24] were calculated with R package diveRsity [25]. All bioinformatics 
analyses were performed for the 4456 SNPs and 368 SNPs to evaluate the effec-
tiveness of the proposed panel (368 SNPs) compared to the complete set of pol-
ymorphic SNPs (4456) identified using the Illumina BovineHD BeadChip for 
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the reindeer populations. 
Results. The distribution of the selected SNPs among the groups were 

compared depending on the MAF values (Fig. 1), which revealed that the group 
with MAF of 0.1 contained the largest number of SNPs in the panel of 4456 
markers (approximately 49.3%), whereas the number of markers in the remain-
ing groups decreased from 800 in the group with MAF of 0.2 (17.9%) to 250 
(5.6%) in the group with MAF of 0.5 (see Fig. 1, A). When using a panel of 368 
markers, the distribution of SNPs was drastically different (see Fig. 1, B). Thus, 
the group with MAF of 0.1 accounted for only 4.1% of the total number of pan-
el markers. The largest number of SNPs (57.1%) was represented by the groups 
with MAF values of 0.3 and 0.4. The group with MAF of 0.5 comprised approx-
imately 15.8% of all panel markers.  

In general, principal 
component analysis of the 
investigated reindeer groups 
based on 4456 SNPs and 
368 SNPs revealed no sig-
nificant differences in the 
character of the spatial for-
mation of clusters (Fig. 2, A, 
B). Thus, the first main com-
ponent (PC1) clearly separat-
ed the MUR and the NEN 
groups from the WLD group, 
whereas the YAK popula-
tion, which was nearly locat-
ed on PC1, was differentiat-

ed by the second main component (PC2) among the three reindeer clusters. How-
ever, the genetic variability magnitude explained by PC1 and PC2 when using a 
panel of 4465 SNPs (see Fig. 2, A) was several-fold lower compared to that in 
the second panel (see Fig. 2, B): 11.8% vs. 36.28% for PC1 and 3.21% vs. 
10.32% for PC2.  

The discriminant analysis of the principal components was used to ex-
amine the patterns in the genetic diversity of the investigated reindeer groups 
(Fig. 2, C, D). Linear discriminant 1 (LD 1) clearly differentiated the NEN, the 
MUR, and the YAK populations from the WLD group. The YAK group was the 
most distant for linear discriminant 2 (LD 2). In addition, the NEN, the MUR, 
and the WLD groups were close to the LD 2 axis. No significant differences 
were found in the information of the two investigated systems. 

Comparison of the degree of genetic differences between the investigated 
reindeer groups (Table) showed the similarity of interpopulation relationships 
estimated using the 4456 SNPs and 368 SNPs. Thus, the highest genetic close-
ness was observed between the MUR and the NEN groups, and the maximum 
differentiation was found between the WLD and the NEN.  

The results of the ADMIXTURE-analysis for the investigated reindeer 
groups based on the 4456 SNPs (see Fig. 3, A) and 368 SNPs (see Fig. 3, B) for 
the most probable number of clusters 2 and 3 have been shown in Figure 3. At 
K = 2, both panels showed similar clustering results. The NEN and the WLD 
populations were clearly differentiated and formed their own cluster (light grey 
for the WLD and black for the NEN), whereas the MUR and the YAK popula-
tions represented mixed clusters. At K = 3, the YAK group segregated into its 
own cluster, and presented a consolidation of individuals within which looked 
more identically by using a kit including all polymorphic SNPs (see Fig. 3, A). 

А B 

Fig. 1. Distribution of the SNPs by group (2019) depending on 
the minor allele (MAF) frequency by comparison of two marker 
panels: А — final data set comprised 4456 SNPs for the domes-
tic and the wild reindeer (Rangifer tarandus) from the Bo-
vineHD BeadChip; B — 368 SNPs selected to create a custom 
DNA microarray. 
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However, differences in the pattern of distribution of the animal groups at K = 3 
were insignificant.  

Fig. 2. Results of the principal component analysis (А, B) and discriminant analysis of the principal 
components (C, D), conducted for the four populations of reindeer (Rangifer tarandus) based on data 
from two SNP panels: A, C — final data set comprised of 4456 SNPs detected with the BovineHD 
BeadChip; B, D — 368 SNPs selected to create a custom DNA microarray; WLD — wild popula-
tion (the Taimyr Peninsula, the Republic of Sakha-Yakutia), NEN — domestic reindeer of the Ne-
nets breed (the Nenets Autonomous Okrug), MUR — domestic reindeer of the Nenets breed (the 
Murmansk region), YAK — domestic reindeer of the Even and Evenk breeds (the Republic of 
Sakha-Yakutia) (2019). 

The effectiveness of using a DNA microarray designed for cattle to eval-
uate the reindeer has been demonstrated in foreign [26, 27] and domestic studies 
[8, 28]. Nevertheless, among all the genotyped SNPs, only approximately 5% of 
the SNPs are polymorphic and have been directly used for analysis: 1068 for the 
black-tailed and the white-tailed deer [26], 1532 for the representatives of the 
genus Cervus [27], and 512 for the Yakut domestic reindeer [28] when using the 
Bovine SNP50 BeadChip and 8357 and 8145, respectively, for the domestic and 
the wild reindeer from among 777,962 SNPs on the BovineHD BeadChip [8]. 

Despite the success of using these DNA microarrays to characterise the 
genetic structure of the reindeer populations and assess their genetic diversity 
and relationships, there are several factors that prevent the use of this approach 
for routine testing. First, the DNA microarray is costly. Second, nearly 95% of 
the content of a DNA microarray is uninformative for the reindeer. In addition, 
detailed genomic studies are not always required for practical applications in the 
reindeer husbandry. 

A B 

C D 
PC1 (11.80 %)  PC1 (36.28 %) 
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FST values calculated from 4456 and 368 SNPs in the four reindeer populations 
(Rangifer tarandus) (2019)  

Population NEN MUR YAK WLD 
NEN  0.025 0.184 0.218 
MUR 0.012  0.142 0.138 
YAK 0.043 0.040  0.215 
WLD 0.060 0.042 0.048   
N o t e. WLD — wild population (the Taimyr Peninsula, the Republic of Sakha-Yakutia), NEN — domestic rein-
deer of the Nenets breed (the Nenets Autonomous Okrug), MUR — domestic reindeer of the Nenets breed (the 
Murmansk region), YAK — domestic reindeer of the Even and Evenk breeds (the Republic of Sakha-Yakutia); 
FST — fixation index. The values calculated for 368 SNPs are above the diagonal, the values calculated for the 
4456 SNPs are below the diagonal.  
 

 

Fig. 3. Comparative ADMIXTURE 
analysis of the four reindeer popula-
tions (Rangifer tarandus) (2019) for 
two SNP panels: A — final data set 
comprised 4456 SNPs detected 
with the BovineHD BeadChip; 
B — 368 SNPs selected to create 
a custom DNA microarray; K —  
the number of most probable clus-
ters; WLD — wild population (the 
Taimyr Peninsula, the Republic 
of Sakha-Yakutia), NEN — domes-
tic reindeer of the Nenets breed 
(the Nenets Autonomous Okrug), 
MUR — domestic reindeer of the 
Nenets breed (the Murmansk re-
gion), YAK — domestic reindeer of 
the Even and the Evenk breeds (the 
Republic of Sakha-Yakutia). 

 

In this case, the development of a custom DNA microarray may reduce 
the cost of analysis without significantly decreasing its biological significance [29, 
30]. Similar SNP panels containing a limited number of informative markers 
have been designed for model farm animals, such as the sheep [31, 32], cattle 
[33], and horses [34]. 

Our study showed that 368 SNPs provided reproducible information for 
all detected polymorphic markers (4456), which was found to be consistent with 
previously obtained data for other mammalian species. According to Heaton et 
al. [33], 32 SNPs are sufficient to determine the origin with an accuracy of 
99.99% in the beef cattle populations (even in cases of highly mixed herds). Ki-
jas et al. [31] suggested using SNP panels of 88 markers for paternity confirma-
tion in more than 80 sheep breeds, and using 101 markers in horse breeding for 
the same purposes [34]. In addition, a panel of 163 markers is sufficient for de-
termining the breed and individual affiliation of a wide range of sheep breeds 
[32].  

The MAF is an important parameter in selecting SNPs for the subse-
quent development of an informative custom DNA microarray. Using the TRES 
bioinformatics approach [13], we selected 368 SNPs from among 4456 polymor-
phic SNPs. The calculations showed bias in the selected SNPs towards increas-
ing MAFs from 0.1 to 0.3-0.4. The observed trend was consistent with that ob-
tained by Kijas et al. [31] and Heaton et al. [32] in the development of panels 
for determining the origin of sheep (panels consisted of 88 and 163 markers, re-
spectively). According to Kijas et al. [31], choosing SNPs with a shift towards an 
MAF  0.3 for inclusion in the panel enhances the versatility of the panel, ena-
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bling its application to diverse breeds and population compositions of the inves-
tigated species. The 368 markers selected in this study met this criterion.  

We selected SNP markers from a DNA microarray developed for the 
cattle, in accordance with their localisation along the chromosomal characteris-
tics of the cattle. As the alignment of the nucleotide sequences of the reindeer 
genome was performed using the cattle genome as a reference [6] (without 
breakdown into the reindeer chromosomes), the SNP panel can provide the 
same amount of information as those developed based on the reindeer genome 
assembly proposed by Taylor et al. [6]. 

Thus, the minimum required number of SNPs was selected, allowing for 
genetic studies in the reindeer populations without the loss of bioinformatics 
content. To assess the information of a panel of 368 SNPs, the data obtained 
were compared to the results calculated using 4456 SNPs identified by a high-
density microarray. Among the markers included in the test panel, a clear bias 
towards SNPs with MAF of more than 0.3 was observed, corresponding to in-
ternational criteria for creating panels for various types of agricultural animals. 
All bioinformatics approaches (the principal component analysis, the discrimi-
nant analysis of principal components, the cluster analysis, and calculation of 
pairwise genetic distances by FST values) showed no loss in efficiency of the 368 
SNPs panel. Successful testing of the presented panel was performed in the three 
breeds of the domestic reindeer (the Nenets, the Even, the Evenk) and in the 
two populations of the wild reindeer (the Taimyr and the Yakut), demonstrating 
the universal nature of the selected SNPs. Selected SNPs may be recommended 
for inclusion during construction of a custom DNA microarray designed for ge-
nomic characterisation of the wild and the domestic reindeer.   
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