
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/312162210

Study of the allele pool and the degree of genetic introgression

of semi-domesticated and wild populations of reindeer

(Rangifer tarandus L., 1758) using microsat....

Article · December 2016

DOI: 10.15389/agrobiology.2016.6.811eng

CITATIONS

8
READS

198

10 authors, including:

Some of the authors of this publication are also working on these related projects:

2021-2022 Call for Special Issue: ""Genetic Diversity, Population Structure, and Ancestral Origin of Livestock" View project

Investigation into the role of endocrine factors in regulation of cytological and molecular mechanisms of aging of mammalian oocytes

View project

Kharzinova V.

Russian Academy of Agricultural Sciences

82 PUBLICATIONS   278 CITATIONS   

SEE PROFILE

Arsen Dotsev

L.K. Ernst Institute for Animal Husbandry

124 PUBLICATIONS   523 CITATIONS   

SEE PROFILE

Alexander S Kramarenko

Mykolayiv State Agrarian University

89 PUBLICATIONS   144 CITATIONS   

SEE PROFILE

Tatiana Romanenko

Novosibirsk State Technical University

15 PUBLICATIONS   56 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Alexander S Kramarenko on 24 December 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/312162210_Study_of_the_allele_pool_and_the_degree_of_genetic_introgression_of_semi-domesticated_and_wild_populations_of_reindeer_Rangifer_tarandus_L_1758_using_microsatellites?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/project/2021-2022-Call-for-Special-Issue-Genetic-Diversity-Population-Structure-and-Ancestral-Origin-of-Livestock?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Investigation-into-the-role-of-endocrine-factors-in-regulation-of-cytological-and-molecular-mechanisms-of-aging-of-mammalian-oocytes?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kharzinova-V?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kharzinova-V?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Russian_Academy_of_Agricultural_Sciences?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kharzinova-V?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arsen-Dotsev?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arsen-Dotsev?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arsen-Dotsev?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kramarenko?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kramarenko?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Mykolayiv-State-Agrarian-University?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kramarenko?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Romanenko-2?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Romanenko-2?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Novosibirsk-State-Technical-University?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Romanenko-2?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kramarenko?enrichId=rgreq-5637d30dff75e47c4c2e7752b9193d3d-XXX&enrichSource=Y292ZXJQYWdlOzMxMjE2MjIxMDtBUzo3MDc0NTIxMzU4MDQ5MjlAMTU0NTY4MTE0MTc1MQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 

811 

AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online) 

2016, V. 51, ¹ 6, pp. 811-823 
(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print) 

ISSN 2313-4836 (Russian ed. Online) 
 
 
UDC 636.294:575.174 doi: 10.15389/agrobiology.2016.6.811rus 

doi: 10.15389/agrobiology.2016.6.811eng 
 

STUDY OF THE ALLELE POOL AND THE DEGREE OF GENETIC  
INTROGRESSION OF SEMI-DOMESTICATED AND WILD  
POPULATIONS OF REINDEER (Rangifer tarandus L., 1758)  

USING MICROSATELLITES 
 

V.R. KHARZINOVA1, A.V. DOTSEV1, A.S. KRAMARENKO2, K.A. LAYSHEV3,  
T.M. ROMANENKO4, A.D. SOLOV’EVA1, T.E. DENISKOVA1, O.V. KOSTYUNINA1, 

G. BREM1, 5, N.A. ZINOVIEVA1 
 

1L.K. Ernst All-Russian Research Institute of Animal Husbandry, Federal Agency of Scientific Organizations, 60, pos. 
Dubrovitsy, Podolsk District, Moscow Province, 142132 Russia, e-mail veronika0784@mail.ru, asnd@mail.ru, ana-
stastasiya93@mail.ru, horarka@yandex.ru, kostolan@mail.ru, n_zinovieva@mail.ru; 
2Mykolayiv National Agrarian University, 9, vul. Georgiya Gongadze, Mykolayiv, 54020 Ukraine, e-mail kssna-
il@mail.ru; 
3North-West Center of Interdisciplinary Food Research, 7, sh. Podbelskogo, St. Petersburg—Pushkin, 196608 Russia, 
e-mail layshev@mail.ru; 
4Naryan-Mar Agricultural Experimental Station, Federal Agency of Scientific Organizations, 1a, ul. Rybnikova, 
Naryan-Mar, Nenets Autonomous District, 166004 Russia, e-mail nmshos@atnet.ru; 
5Institut für Tierzucht und Genetik, University of Veterinary Medicine (VMU), Veterinärplatz, A-1210, Vienna, Aus-
tria, e-mail gottfried.brem@agrobiogen.de 
Acknowledgements:  
Supported by Russian Science Foundation (project ¹ 16-16-10068) 
Received September 5, 2016  

 

A b s t r a c t  
 

The coexistance of domestic and wild reindeer populations (Rangifer tarandus L., 1758) — 
is an important feature of this species. Both forms inhabit in conditions, which remain substantially 
unchanged for a long time. Due to gene flow between domestic and wild populations we observe a 
relatively high amount of admixture in the gene pool. Biodiversity characteristics of two most nu-
merous reindeer populations (semi-domesticated Nenets breed and wild population of reindeer in-
habiting territories of Nenets Autonomous Okrug (NAO) and Taimyr Autonomous Okrug (TAO) 
based on the analysis of microsatellites are given and the degree of introgression in these populations 
is determined. Samples of Nenets breed of domestic rein deer were collected in several farms in 
NAO and TAO (n = 115, four subpopulations). Samples of wild Taimyr population were collected in 
the course of field research in different geographic regions of TAO (n = 63, five subpopulations). 
Genomic DNA was isolated using Nexttec columns («Nexttec Biotechnologie GmbH», Germany). 
Polymorphism of 9 STR-loci (NVHRT21, NVHRT24, NVHRT76, RT1, RT6, RT7, RT9, RT27, 
RT30) was determined according to the previously developed technique for DNA analyzer 
ABI3130xl («Applied Biosystems», US). To estimate the allele pool of each population average num-
ber of alleles (Na), the effective number of alleles (Ne) based on the locus, rarified allelic richness 
(Ar), private allelic richness (PrAr), observed (Ho) and expected (He) heterozygosity and inbreeding 
coefficient (FIS) were calculated. The degree of genetic differentiation of populations was assessed 
using pairwise FST values and Nei’s genetic distances. We calculated the degree of migration of genes 
between populations based on microsatellite allele frequencies. Distribution of genetic variation be-
tween and within populations was studied by analysis of molecular variance (AMOVA). It was 
found that the wild population of reindeer is characterized by a higher level of genetic diversity: 
the average number of alleles per locus was 10.00±0.78 vs. 8.44±0.80, the observed heterozygosity — 
0.633±0.060 vs. 0.589±0.049. STRUCTURE analysis revealed the formation of two independent 
clusters corresponding to the wild and domestic populations with high values of the membership co-
efficient in own clusters: QWLD = 0.940±0.013 and QDOM = 0.938±0.010. However, a few individu-
als (4.4-4.8 %) carrying a mixed genetic origin were found. The degree of introgression between the 
populations was around 6 %. Cluster analysis of genetic structure performed separately for wild and 
domestic populations at the level of subpopulations for the number of cluster k ranged from 2 to 5 
did not reveal a clear clustering between subpopulation. It’s confirmed the homogeneity of genetic 
structure within populations. Examination of overall genetic diversity with AMOVA procedure indi-
cated that most of the variation was observed within populations (95.4 %, p < 0.001). Principal 
component analysis (PCA) revealed clear differentiation of the studied domestic and wild popula-
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tions along the axis 1 with their slight overlapping; herewith the principal component 1 was responsi-
ble for 5.15 % of variability. Evaluation of differentiation degree between subpopulations of rein deer, 
performed by calculation of the pairwise values of FST and Nei’s genetic distances (DN) showed rel-
atively higher degree of genetic differentiation between subpopulations within wild population com-
paring to domestic population (maximal FST and DN values were 0.046 vs 0.023 and 0.353 vs 0.151, 
respectively). The obtained results of genetic diversity and population structure of reindeer will be 
used to develop the breeding program with Nenets breed of domestic rein deer and to organize the 
measures for protection and sustainable use of wild reindeer bioresources. 

 

Keywords: allele pool, introgression, populations, reindeer, microsatellites 
 

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]. 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 for-
est, and mountain regions throughout the territory of over 3 mln km2.  

Reindeer (Rangifer tarandus L., 1758) is the only representative of Rangi-
fer C. H. Smith, 1827. For a historically long period, a large group of domestic 
reindeer was bred with clearly expressed morpho-biological and useful sustaina-
bly inherited traits. In 1985, four reindeer breeds were approved and entered into 
the State Register: Nenets, Chukotka, Evenk, and Even. For the last decade, the 
number of domestic reindeer in Russia reduced 2-fold and as of 1 January 2012 
was assessed at 1,583,000 livestock units, which amounted only to 70.0 % as 
compared to 1990 [4].  

The Nenets indigenious reindeer breed is the largest in Russia by the 
number (950,000 livestock units) and pasture territory (110 million ha) [5]. The 
reindeer of this breed are of an average size with rather well-defined working 
characgeristics [6]. They are perfectly adapted to the local climate conditions 
[7]. The Nenets reindeer are widely spread in the Nenets, Yamalo-Nenets, 
Khanty-Mansi, and Tamyr Autonomous Okrugs, Murmansk and Arkhangelsk 
regions, and the Republic of Komi. According to the breeding records as of 1 
January 2015, there are about 170,000 reindeer bred by 23 farms in the Nenets 
Autonomous Okrug (NAO) [8]. Despite the existence of several ecological geo-
graphic types, the Nenets indigenous reindeer are the most homotypic and con-
solidated. Larger species can be found only on the arctic islands (Kolguev, 
Vaigach, etc.), which is explained by favorable feeding conditions, rather than 
genetic peculiarities [9].  

The number of wild reindeer has also reduced for the said period [10-
12]. Currently, their number is 1.4 million livestock units, with over 70 % con-
centrated in the north of Middle Siberia. The largest population is the Taymyr 
population which is of exclusive value as a key component of Taymyr biodiver-
sity. Wild reindeer largely determine the conditions for vegetation recovery, 
and are the species that affect the habitat of mammals and birds in the region 
[13, 14]. The Taymyr reindeer population is a geographic and ecological phe-
nomenon having no analogs by the number, the distance of migrations (up to 
1,500 km), and the coverage of zonal types (from the northern tundra to polar 
deserts) [15]. 

The co-existence of domestic and wild forms is an important peculiarity of 
the species. Domestic reindeer does not differ substantially from its wild ancestor. 
Both forms dwell in almost similar conditions that remain practically unchanged 
for a long time. In reindeer breeding, no artificial forage is used and there are no 
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zootechnical methods of feeding or artificial management. Domestic reindeer 
are range-fed and feed on the same forage as their wild congeners, but con-
sume forage resources more fully as they do not migrate for long distance [3]. 
Discussing the intraspecific status of the domestic reindeer, some authors be-
lieve that in the same geographical areas it forms a common genetic pool with 
the wild species [16]. 

For the reindeer breeding industry, the existence of domestic and wild 
reindeer forms poses a serious problem [11], which, among others, may be 
caused by the withdrawal of domestic reindeer by wild ones, grazing of pas-
tures and mutual pasture competition, remaining centers of infections, and 
transfer of diseases. The most serious are the first two reasons resulting in a 
complete loss of domestic reindeer breeding in the central part of Taymyr Pen-
insula, and a substantial reduction of domestic reindeer livestock in Eastern 
Taymyr and some other regions [17]. In this respect, E.E. Syroechkovskii [18] 
and L.M. Baskin [19] think that a decrease in the wild reindeer population is 
caused by intensive development of domestic reindeer breeding that extensively 
ousts the wild population. 

It is ascertained that domestic and wild populations exchange genes 
which mixes their gene pool. Along with evolution factors (gene drift, mutations, 
natural selection), the population gene pool also changes under the influence of 
the migration process. The divergence between the populations may be caused 
by the genetic drift because of full or partial isolation and heterogenetic selection 
among sub-populations. The animal migrations, no matter how insignificant they 
are, prevent divergence and reduce the genetic diversity among populations, but 
at the same time increase this parameter within sub-populations [20]. 

The key live-stock animals (cattle, sheep, swine, goats, horses, hens, 
dogs) were domesticated several thousand years ago [21, 22], their genetic varia-
bility preserves inside and between the species, and they substantially differ from 
their wild predecessors [23, 24]. Although reindeer were domesticated 5-10 thou-
sand years ago [25, 26], the wild and domestic populations demonstrate gene ex-
change [27].  

The assessment of genetic divergence and the monitoring of evolution 
processes may be adequately performed using molecular-genetic methods that 
provide objective understanding the genetic structure of populations and make it 
possible to determine the degree of introgression between them [28]. One of the 
methods widely used to assess the genetic structure of reindeer populations of 
various subspecies is the analysis of microsatellites (STR, short tandem repeats) 
[29-33]. Most often, microsatellites are used in population and ecological re-
search to study gene transfer, the effective size of populations, migration, an in-
traspecific genetic variability and differentiation of populations [34-37].  

In this research for the first time ever, the possibility of identifying rein-
deer species of wild, domestic or mixed forms using highly polymorphic DNA 
markers has been shown by the example of populations dwelling in the north of 
Nenets Okrug and Taymyr Autonomous Okrug. 

The purpose of this work was to study the allele pool of domestic and 
wild reindeer populations dwelling in the north of Nenets Okrug and Taymyr 
Autonomous Okrug and to assess the genetic introgression between them using 
microsatellites. 

Technique. The tissue samples were collected from 178 reindeers (Rangi-
fer tarandus L., 1758), including domestic Nenets reindeer (DOM, n = 115) and 
wild Taymyr reindeer (WLD, n = 63). The animals of the Nenets breed were 
from two farms in Nenets Autonomous Okrug (NAO), the SRO Ilebts (ILB, 
n = 17) and SPK Indiga (IND, n = 64), and also from two reindeer breeding 
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brigades in Taymyr Autonomous Okrug (TAO), the ¹ 4 in the Dudinka river re-
gion (DUD, n = 26) and ¹ 11 in the Pelyatka river region (PEL, n = 9). The 
samples of wild species were collected during the field research in various geo-
graphic regions of TAO: Portnyagino (POR, n = 7; 748'48.12"N, 1079'54"E), 
Belogorka (BEL, n = 13; 729'33.13"N, 9118'92"E), Kongudoyar (KON, n = 19; 
727'62.05"N, 9136'09"E), Ust-Avam (UAV, n = 20; 7111'40.71"N, 9282'07"E) 
and Volchanka (VOL, n = 4; 7097'60.83"N, 9454'13"E). The biomaterial was 
collected throughout 2016. The sample collection map was built in R-ggmap 
[38] with visualization in ggplot2 [39].  

The genome DNA was isolated using Nexttec columns (Nexttec Bio-
technologie GmbH, Germany) in accordance with the manufacturer's recom-
mendations. Polymorphism of 9 STR loci (NVHRT21, NVHRT24, NVHRT76, 
RT1, RT6, RT7, RT9, RT27, RT30) was determined by the developed methods 
[33] using a DNA-analyzer ABI3130xl (Applied Biosystems, USA). The allele 
sizes determined in GeneMapper 4.0 (Applied Biosystems, USA) were con-
verted into numerical expressions used as a basis for the genotype matrix in the 
MS Excel format.  

The allele pool of each population was assessed by determining the aver-
age number of alleles (Na) and the effective number of alleles (Ne) per locus 
[40], the allele diversity estimated by a rarification procedure (Ar), the number 
of private alleles per locus (PrAr) [41], the observed (Ho) and expected (He) 
heterozygosity, and the inbreeding coefficient (FIS) [42]. Genetic differentiation 
of the populations was assessed based on paired FST values [43] and the genetic 
distances according to M. Nei [44]. GenAIEx 6.5.1 [45], HP-Rare 1.1 [46] and 
Genetix 4.05 [47] software was used for calculations. 

Gene migration be-
tween the populations was 
calculated by the frequen-
cy of alleles using the div-
Migrate graphic network 
model [48] in R diveRsity 
[49]. This model makes it 
possible to compare the po-
pulations based on various 
assessments of genetic dif-
ferentiation, such as paired 
FST values [45], GST [50], 
DN [46], and DJost [51]. 
Principal Component Anal-
ysis (PCA) was performed 
in R аdegenet [52] with vis-
ualization in R gglot2 [39]. 

Distribution of gen-
eral genetic variability be-
tween and within the pop-
ulations was studied by 
AMOVA in Arlequin suite 
3.5.2.2 [53]. The genetic 
structure of the populations 
was assessed through clus-

tering in STRUCTURE 2.3.4 [54] using a mixed model, with C from 1 to 6 for 
the number of expected clusters; 100,000 for the burn-in period, and 100,000 for 
the Markov chain Monte Carlo model. For each C value, 10 iterations were per-

 
Fig. 1. The points of sampling biomaterial in wild and domestic 
reindeer (Rangifer tarandus L., 1758) populations:   — ILB,  — 
IND,  — PEL,  — DUD,  — POR,  — BEL,  — 
KON,  — UAV, — VOL. For the abbreviation, see the 
Technique section for description of the sub-populations. 
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formed. STRUCTURE HARVESTER [55] was used to determine the optimum 
number of clusters (ΔC) for the sample assessed by the method of G. Evanno et 
al. [56]. For each of the samples, an average value of the Q membership coeffi-
cient in the i-th cluster was determined for the overall number of clusters (C). 

Results. The points of the sample collecting are shown in Figure 1.  
The analysis on Na, Ne, Ar, PrAr, Ho and He parameters revealed the 

tendency to higher genetic diversity in the wild population as compared to the 
domestic one. Both populations demonstrated a deficiency of heterozygotes (Ta-
ble 1), however, the VOL sub-population had a slight excess of them. A similar 
pattern is described by K.H. Mager [57] when studying the genetic structure of 
the wild caribou population in Alaska and the domestic reindeer population in 
the Seward Peninsula (western Alaska), i.e. Ar from 12.28 to 13.15 and He = 0.86 
for the wild population, Ar = 10.06 and He = 0.75 for the domestic population. 

1. Genetic diversity of the wild (WLD) and domestic (DOM) reindeer (Rangifer 
tarandus L., 1758) populations by microsatellite loci 

Population, sub-
population 

n Na Ne Ar PrAr Ho He FIS 

POR 7 6.00±0.62 4.47±0.61 4.59±0.39 0.32±0.14 0.730±0.065 0.738±0.036 0.011 
BEL 13 7.44±0.56 5.29±0.52 4.76±0.24 0.36±0.11 0.633±0.072 0.790±0.029 0.199 
KON 19 8.00±0.60 5.17±0.46 4.66±0.23 0.23±0.08 0.620±0.068 0.787±0.029 0.213 
UAV 20 7.89±0.72 4.74±0.69 4.42±0.31 0.29±0.10 0.617±0.080 0.741±0.044 0.167 
VOL 4 3.67±0.50 2.80±0.45 3.67±0.50 0.20±0.10 0.611±0.074 0.576±0.056 0.060 
WLD 63 10.00±0.78 5.44±0.63 4.60±0.26 2.29±0.29 0.633±0.060 0.786±0.035 0.195 
ILB 16 5.56±0.65 3.39±0.50 3.60±0.35 0.10±0.03 0.563±0.052 0.643±0.056 0.125 
IND 64 7.22±0.66 3.97±0.43 3.88±0.21 0.11±0.05 0.603±0.045 0.723±0.030 0.167 
DUD 26 6.44±0.56 3.67±0.53 3.74±0.27 0.15±0.04 0.556±0.067 0.684±0.042 0.188 
PEL 9 5.89±0.63 4.24±0.56 4.24±0.37 0.21±0.07 0.642±0.076 0.722±0.042 0.111 
DOM 115 8.44±0.80 4.12±0.56 3.92±0.26 1.61±0.19 0.589±0.049 0.719±0.037 0.180 
N o t e. Na — the average number of alleles per locus, Ne — the average effective number of alleles per locus, 
Ar — allele diversity, PrAr — the number of private alleles, Ho — observed heterozygosity, He — expected hetero-
zygosity, FIS — inbreeding coefficient. See the description of the sub-populations in the Technique section. 

 

Fig. 2. Cluster analysis of wild (WLD) and domestic (DOM) reindeer (Rangifer tarandus L., 1758) 
populations by nine STR loci using STRUCTURE 2.3.4 [54] for the number of clusters C = 2. Q — 
the contribution of each of the clusters to the species genotype (the probability that the species 
belongs to this or that cluster). For the domestic population is marked in black, for the wild one — 
in grey. See the description of the sub-populations in the Technique section. 

 

For cluster analysis, we determined the most probable number of clusters 
(C), or in other words, objectively isolated genetic groups in the sample in ac-
cordance to the algorithm based on the ΔC values [56]. The optimum number 
of clusters for the sample was C = 2 (ΔC = 87.23). The structure analysis 
with C = 2 (Fig. 2) showed a high genetic isolation both in wild and domestic rein-
deer populations, which is confirmed by the mean values of the similarity coefficient 
Q in each population (QWLD = 0.940±0.013 and QDOM = 0.938±0.010). At the 
same time, we revealed three animals in the wild population (QWLD = 0.441, 
QWLD = 0.508, QWLD = 0.631), and five animals in the domestic population 
(QDOM = 0.310, QDOM = 0.505, QDOM = 0.621, QDOM = 0.368, QDOM = 0.684) 
(4.4 and 4.8 % respectively) of a mixed genetic origin. Such mixed (crossbred) 
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animals with a share of the other reindeer population's alleles in the genotype 
evidence a periodic gene exchange between these populations. The cluster analy-
sis of the domestic population (C = 1-5) showed the homogeneous genetic 
structure of all the samples. Our results confirm the findings on the key morpho-
biological, growth and development parameters, and polymorphic protein blood 
systems that gave ground to consider the breed consolidated by its origin and 
genotype [58]. 

Despite the fact that the wild Taymyr reindeer population is represented 
by several isolated groups [10], according to N.V. Malygina [59] it should be re-
garded as a single whole ecological population. Probably that is why all samples 
of the Taymyr population that we studied were characterized by a common ge-
netic structure without any clear clusterization between them (the analysis for 
the wild population at C = 1-6). 

AMOVA showed that 95.4 % of genetic variability was the variability in-
side the samples of wild and domestic populations, and 4.6 % was due to the 
variability between the populations (p < 0.001). 

The genetic variability in natural populations is generally indicative of 
the structure that emerges as a result of various processes (geographic isolation, 
progenitor effect, migration and admixture). One of the methods widely used to 
identify this structure of populations is the PCA analysis that determines two or 
three basic axes in the variability and plots tested objects in these coordinates 
[60]. This analysis based on the frequency of alleles in the studied populations 
makes it possible to simultaneously characterize the level of variability, to identi-
fy the key alleles contributing to the differentiation of animal groups, to track 
the key patterns of the population-genetic differentiation and to identify their re-
lation to ecological and geographical factors [61]. The obtained results of the 
PCA are provided in Figure 3. 

 

 
Fig. 3. Distribution of reindeer (Rangifer tarandus L., 1758) individuals from the wild (WLD) and 
domestic (DOM) populations within the space of two principal components: DOM — domestic popu-
lation,  — ILB,  — IND,  — DUD,  — PEL. See the description of the sub-populations in 
the Technique section. 
 

The first principal component reflected 5.15 % of the observed variabil-
ity of populations and clearly divided the domestic and wild reindeer popula-
tions. The insignificant overlay of the domestic and wild populations can be 
regarded as an indication of a non-controlled migration between them. Ac-
cording to A.V. Davydov [62], it is in the period of migrations that the herds of 
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reindeer take away a part of domestic animals, and wild males that joined the 
domestic herds during the rutting period mate with females that resulted in up to 
3 % of the newborn reindeers. Within populations, reindeer from different sub-
populations demonstrated similarity in the frequency of common alleles consti-
tuting a single genetic pool. 

2. Genetic distances between the studied sub-populations of wild and domestic rein-
deer p (Rangifer tarandus L., 1758) opulations 

Sub-population POR BEL KON UAV VOL ILB IND DUD PEL 
POR  0.194 0.187 0.241 0.353 0.436 0.387 0.378 0.393 
BEL 0.003  0.122 0.191 0.324 0.402 0.369 0.339 0.368 
KON 0.004 0.003  0.119 0.230 0.397 0.349 0.328 0.320 
UAV 0.024 0.021 0.009  0.118 0.450 0.425 0.326 0.348 
VOL 0.046 0.040 0.025 0.002  0.562 0.521 0.400 0.387 
ILB 0.097* 0.093* 0.096* 0.116* 0.150*  0.072 0.094 0.151 
IND 0.072* 0.074* 0.075* 0.099* 0.120* 0.008*  0.077 0.101 
DUD 0.076* 0.073* 0.075* 0.081* 0.097* 0.020* 0.015*  0.113 
PEL 0.047* 0.047* 0.045* 0.060* 0.066* 0.023 0.018 0.010  
N o t e. The non-shifted distances according to M. Nei (DN) are above the diagonal; the FST values in the paired 
comparison are under the diagonal. See the description of the sub-populations in the Technique section. 
* The differences for FST are statistically significant at p < 0.05. 

 

The calculations of FST values in paired comparison and of the genetic 
distances according to M. Nei (DN) [44] (Table 2) generally showed a relatively 
higher genetic differentiation of sub-populations within a wild population as 
compared to the domestic one: maximum FST and DN values were 0.046 versus 
0.023 and 0.353 versus 0.151. Note, the genetically closer sub-populations were 
distinguished within the wild population than within the domestic population. 

Figure 4 provides an 
assessment of gene migration 
between reindeer populations. 
Studied samples of the indi-
viduals are shown as nods in 
networks. Each nod is hypo-
thetically connected with every 
other nod by two lines repre-
senting two mutual compo-
nents of gene flow between 
any of the population pairs. 
The length and thickness of 
each line changes depending 
on the intensity of the gene 
flow. Such characteristics are 
rather informative as they in-
dicate the populations be-
tween which genes are ex-
changed with high intensity 
locally, but with low intensity 
outside the populations. The 
patterns of the population's 
genetic structure are present-
ed as a single cluster in a 

network space [63].  
The introgression of alleles between the domestic and wild populations was 

one way, i.e. from wild to domestic one (see Fig. 4). The maximum migration 
within the domestic population was identified between the sub-populations ILB-
IND and DUD-IND, where IND was a recipient of the gene flow from ILB and 

 
Fig. 4. Relative directed gene migration between reindeer 
(Rangifer tarandus L., 1758) populations visualized using the 
divMigrate model [48]: on the left — domestic population 
(DOM), on the right — wild population (WLD); 1 — POR, 
2 — BEL, 3 — KON, 4 — UAV, 5 — VOL, 6 — ILB, 7 — 
IND, 8 — DUD, 9 — PEL.  See the description of the sub-
populations in the Technique section. 
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DUD. For reindeer, the highest similarity was observed between the sub-
populations BEL-KON-UAV, and the maximum migration occurred between 
UAV and BEL. 

According to L. Sundqvis et al. [63], this approach shows graphically in-
tegrated network patterns of the gene flow between the populations and estimat-
ed the valid difference in the gene flow between the paired samples. 

Scientists have always had increased interest in studying genetic diversity 
and introgressive hybridization in reindeer populations using genetic markers. 
The relationship between wild and domestic reindeer species was touched upon 
back in 1989 [64] and in early research works [65]. В. Jepsen et al. [66] found 
out the introgressive hybridization between wild caribou and domestic reindeer 
populations dwelling in the territory of Nuuk city (Greenland). М.А. Cronin et 
al. [67] identified common alleles for several genes present both in the wild and 
in domestic reindeer populations in Alaska suggesting insignificant genetic intro-
gression in both directions. Hybrid animals are probably less adapted to wild life 
and captive crossbreeding is comparatively low [64, 68]. When studying the ge-
netic diversity of migrating caribou populations in the Alaska North Slope and 
their potential hybridization with domestic reindeer, K.H. Mager et al. [69] dis-
covered several individuals of mixed genetic origin (8 % in caribou populations 
and 14 % among domestic reindeer).  

It is expected that expanding the set of STR loci and increasing the 
sample size in both reindeer populations, including animals from other geo-
graphical points of the area, will make it possible to define more precisely the 
introgression in this species. The new-generation molecular markers based on 
the analysis of single nucleotide polymorphism (SNP) [70] may give more com-
prehensive insight into the interaction between wild and domestic reindeer popu-
lations on a genetic level. Understanding the genetic variability in reindeer popu-
lations within the whole area will help us see the evolution pattern of this spe-
cies. Moreover, constant monitoring of genetic diversity and population size is 
required to preserve the wild reindeer. 

Thus, based on microsatellite polymorphism we characterized the allele 
pool in the sample sets of two most numerous reindeer populations, the domes-
tic Nenets reindeer and wild reindeer dwelling in the territory of Nenets Okrug 
and Taymyr Autonomous Okrug. Although the cluster analysis showed high ge-
netic isolation of both forms, we identified several individuals of mixed genetic 
origin. The comparison of intrapopulation parameters revealed that wild reindeer 
have higher genetic diversity than domestic reindeer. Estimation of genetic di-
versity and the structure of Nenets breed population of reindeer is required for 
protestation and a sustainable use of its biological resources. 
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RNA THERAPEUTICS 

(22-23 February, 2017, London, United Kingdom) 
 

SMi Group announces the return of its 8th annual RNA Therapeutics conference to London on the 
22nd-23rd of February 2017. Technology in RNA interference, oligonucleotides and mRNA has rev-
olutionised the way infectious disease, cancer and neurological disorders are treated. It is now possi-
ble to target previously ‘un-druggable’ sites, therefore expanding the range of therapeutics that selec-
tively silence genes before the disease develops. 
 

This exciting program for 2017 will showcase new developments through clinical and pre-clinical re-
sults in topics such as: messenger RNA-based therapeutics, anti-sense oligonucleotides and new sites 
for RNA silencing. 
 

The main challenge in RNA therapeutics continues to be the delivery of RNA based drugs to target 
sites outside the liver. Join us in exploring the different delivery systems in use and in development 
such as transportation with nanoparticles and the ability to enhance drug stability. 
 

We will be reviewing clinical trial updates in RNA-based therapeutics and discussing the current reg-
ulations involved in getting drug approval. 
 

Contacts:  https://www.cambridgenetwork.co.uk/news/astrazeneca-and-moderna-therapeutics-announce-
new-collaboration 
 

Information: http://www.globaleventslist.elsevier.com/events/2016/04/the-application-of-molecular-and-
functional-imaging-in-neurodegenerative-disease/ 
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