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Ab stract   

Hybridisation with domestic species is one of the prominent threats to conservation 

of numerous valuable species in Belarus, in particular the grey wolf (Canis lupus 

Linnaeus, 1758), the population of which has previously shown unusually diver-

gent genotypes, indicating a possible admixture with free-ranging dogs (Canis 

lupus familiaris Linnaeus, 1758). Such admixture could threaten the future of the 

species already weakened by anthropogenic pressure. Reports of hybrids in Belarus 

based on morphological characteristics have been steadily increasing in frequency 

since 2010, which can be tied with a growing food availability for feral dogs and 

low population density of grey wolf facilitating hybridisation. A limited number of 

genetic studies with sampling that partially covered Belarus did not detect any 

traces of hybridisation. Here we report our estimate of genetic diversity in the 

Belarusian population of grey wolf according to control region (D-loop) mtDNA 

sequence analysis. We analysed tissue samples from 35 specimens harvested dur-

ing legal hunts across 25 administrative districts from all 6 regions of Belarus 

between 2009 and 2022, with 9 of the specimens reported to have morphological 

characteristics of wolf–dog hybrids. We detected 6 haplotypes among those 35 

specimens, 4 of which were found among the likely wolf–dog hybrids. Clade anal-

ysis of the obtained sequences with 100 confirmed sequences of wolves, dogs, and 

their hybrids from the NCBI Genbank database has shown the presence of possible 

wolf–dog hybrids in our sample. The Belarusian wolf population has shown a low 

nucleotide and a relatively high haplotype diversity. The discovered genetic diver-

sity data of the Belarusian wolf population is mostly in line with studies of similar 

wolf populations across Europe. The persistence of large wolf metapopulations 

across Eastern Europe and Russia, combined with the high mobility of the animal, 

seems to be the probable cause of genetic diversity of wolf populations in Belarus, 

but some degree of wolf–dog hybridisation could also explain the observed genetic 

heterogeneity, which invites further research based on nuclear markers.  
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Генетичне різноманіття популяції вовка у Білорусі за даними мтДНК 

в умовах гібридизації зі псами 

 

Владислав Молчан, Костянтин Гомель, Арсеній Волністий,  

Михаіл Никифоров, Катерина Хейдорова 

 
Резюме.  Мета цього дослідження — оцінка генетичного розмаїття в популяції вовка (Canis lupus 

Linnaeus, 1758) на сучасному етапі та характеристика можливих гібридів зі псами (Canis lupus familiaris 

Linnaeus, 1758) у Білорусі на основі аналізу мінливості контрольного регіону (D-loop) мітохондріальної 

ДНК. Зразки біоматеріалу з білоруської популяції вовка, що використані в цьому дослідженні, отримані 

протягом 2009–2022 рр. Для проведення дослідження відібрано 35 зразків фрагментів м'язової тканини 

вовків, здобутих із 25 адміністративних районів, розташованих на території Брестської, Вітебської, Го-

мельської, Гродненської, Мінської та Могильовської областей Білорусі. При цьому 9 із 35 зразків отри-

мані від особин, що мали виражені морфологічні ознаки вовко-псових гібридів. У порівняльному аналізі 

використано 100 нуклеотидних послідовностей контрольного регіону мтДНК вовків і псів, а також один 

зразок гібридної особини з бази даних нуклеотидних послідовностей NCBI. Загалом у вибірці вовка з 

Білорусі виявлено 6 гаплотипів контрольного регіону мтДНК. Характеризуючи рівень генетичної різно-

манітності білоруської популяції вовка, можна відзначити низьку нуклеотидну різноманітність і віднос-

но високу гаплотипну різноманітність. Дев'ять особин, що можливо є вовко-псовими гібридами, пред-

ставлені 4 гаплотипами з 6 виявлених для дослідженої вибірки. Отримані дані щодо генетичної різнома-

нітності вовка в Білорусі узгоджуються з даними з наявних робіт зі схожої проблематики для європейсь-

ких популяцій вовка. Високий ступінь мобільності вовка, збереження великих метапопуляцій виду в 

північно-східній Європі та в Росії всупереч високому ступеню антропогенного навантаження, а також 

певний рівень вовчої-псової гібридизації можуть виступати можливими причинами виявленої генетич-

ної різнорідності у білоруській популяції вовка. Для отримання повнішої картини щодо генетичної різ-

номанітності, так само, як і щодо ступеню і рівня гібридизації з безпритульними псами у білоруській 

популяції вовка необхідні подальші дослідження із залученням ядерних маркерів. 
 

Ключові  слова:  вовк, собака, D-loop, мтДНК, гібридизація, генетичне різноманіття, Білорусь. 

 
Introduction 

The grey wolf (Canis lupus L., 1758) is one of the most widespread mammalian species in the 

world, with a range covering most of Eurasia and North America. Its numbers in Europe have signif-

icantly dwindled due to continuous human hunting efforts [Bibikov 1985], which also led to a dimin-

ished genetic diversity within populations, as well as a limit gene flow between them. In Belarus, the 

grey wolf is one of the most widespread large predators with significant presence across the country. 

Huge forested areas and low population density compared to Western and Central Europe create 

favourable conditions for wolf habitation. A 2013 study on the genetic structure of wolf populations 

across Europe reported the outcome of an SNP analysis of 177 wolves from 11 European countries, 

supplemented by mtDNA and microsatellite data [Stronen et al. 2013]. The analysis has shown 

anomalously high genetic diversity for the part of the sample originating from Belarus. As pointed 

out by the authors, the origin of this genetic diversity is unclear and requires further study [Stronen 

et al. 2013]. As no study into the genetics of Belarusian wolves has taken place since then, despite 

the species holding a crucial role in local ecosystems, we consider that this population requires more 

investigation into its genetic characteristics.  

Among the significant threats to the conservation of the grey wolf in Europe is hybridisation 

with free-ranging dogs, as continuous gene introgression from dog can lead to a loss of wild variant 

genotype, endangering the long-term survival of the population [Gompert 2016]. While natural hy-
bridisation can be associated with multiple positive evolutionary and conservational outcomes, such 

as genetic rescue [Brennan et al. 2014] or speciation [Lavrenchenko & Bulatova 2016], anthropo-

genic hybridisation is widely considered a threat to species conservation. Anthropogenic hybridisa-

tion is usually defined as hybridisation caused by deliberate or accidental human interference, such 
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as destruction of barriers between interfertile populations of different species, synanthropic inva-

sions, introductions or migration directed by anthropogenic habitat loss, and can lead to loss of adap-

tational fitness in the emergent hybrid population [Rhymer & Simberloff 1996]. 

The issue of wolf–dog hybridisation threatening the fitness of wild wolf populations has been 

raised for many regions across Europe, including Portugal [Torres et al. 2017], Bulgaria [Moura et 

al. 2014], Latvia [Andersone et al. 2002], Italy and others [Randi et al. 2000]. Timely detection and 

estimation of hybridisation levels in wolf populations increasingly becomes a vital instrument for 

conservation and management of this canid predator. For this purpose, hybrid detection based on 

molecular genetic data, such as STR markers or full genome sequences are currently the most effec-

tive and reliable, as shown by such studies conducted in Italy [Dolf et al. 2000] and Fennoscandia 

[Smeds et al. 2021]. Among the recent studies on the subject it is vital to point out a 2022 inquiry 

into the genetics of the Italian wolf population by Lorenzini and colleagues [Lorenzini et al. 2022], 

in which the authors proposed a novel method for wolf–dog hybrid identification based on Bayesian 

analysis of 22 STR loci amplified in a multiplex PCR reaction. The method allows reliable hybrid 

identification, including classification of hybrids by generation, and we currently work on adopting 

this approach into research on wolf–dog hybridisation in Belarus.  

Quantitative estimations of the degree and rate of wolf-dog hybridization in wild wolf popula-

tions are yet scarce. Such studies have been conducted in Bulgaria [Moura et al. 2014], Portugal 

[Torres et al. 2017], Latvia [Andersone et al. 2002], and the Iberian Peninsula [Ramirez et al. 2006; 

Godinho et al. 2011; Vilà & Wayne 1999], with results reporting hybrid presence with frequencies 

between 0% and 10.9% of the studied sample. In Belarus, the issue is particularly understudied. 

Probable cases of wolf–dog hybridisation based on morphological characteristics of animals have 

been since the 1980s, but limited genetic studies that partially covered Belarus did not detect any 

traces of hybridisation [Stronen et al. 2014]. In any case, reports of hybrids based on morphological 

characteristics have been steadily increasing in frequency since 2010, which can be tied with a grow-

ing food availability for feral dogs and low population density of the grey wolf facilitating hybridisa-

tion [Sidorovich & Rotenko 2019]. The situation invites a more thorough investigation of the hybrid-

isation issue in Belarus. 

In the present study, we conduct an estimation of genetic diversity of the Belarusian grey wolf 

population as well as a preliminary investigation into the possible signs of wolf–dog hybridization 

according to mtDNA control region (D-loop) sequence polymorphism. 
 

Materials and Methods 

Tissue samples used in the present study were harvested from 35 animals killed in legal hunts or 

traffic accidents between 2009 and 2022 (Supplementary material, Table S1). We used soft tissues 

harvested with sterile tools and stored in ethanol under cryogenic conditions. The sampling area 

included all six administrative regions (oblasts) and 25 administrative districts (rayons) (Fig. 1).  

Additionally, nine of the samples were taken from specimens possessing atypical morphological 

characteristics, possibly indicating mixed wolf–dog ancestry (Supplementary material, Table S1, 

Fig. S1). No animals were harmed or killed specifically for the purpose of sampling.  

For the clade analysis, we assembled a selection of 100 wolf mtDNA control region sequences 

for specimens harvested across Europe and adjacent regions, as well as one sequence of a confirmed 

wolf–dog hybrid (JN182126). The sequences were grouped into 8 regions—Eastern Europe, North-

ern Europe, Western Europe, Southern Europe, Eastern Asia, Central Asia, Western Asia, and the 

Caucasus—according to their place of origin (Fig. 2). 

For DNA extraction, we used ‘Animal and Fungi DNA Preparation Kit’ (Jena Bioscience, Ger-

many) following the manufacturer’s protocol. Obtained DNA isolates were measured for DNA con-

centration using NanoPhotometer P 330UV/Vis (IMPLEN, Germany) nanospectrophotometer and 
stored at -20℃ for further use. We then amplified the control region’s HV1 fragment using primers 

L16462 (CATACTAACGTGGGGGTTAC) and H222 (AAACTATATGTCCTGAAACC) [Vilà et 
al. 1997] in standard 25 µl reactions with Taq polymerase using the following protocol: 1 cycle of 
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4 minutes at 94 ⁰С; 29 cycles of 30 seconds at 94 ⁰С, 45 seconds at 48 ⁰С, 1 minute at 72 ⁰С; and 

1 final cycle of 5 minutes at 72 ⁰С.  

Amplifications were carried out with a Bio-rad C1000 Touch (USA) thermo cycler. The ob-

tained amplicons were examined for undesirable byproducts via gel electrophoresis in a 1.4 % aga-

rose gel using a 15 cm MiniGel chamber (Bio-rad, USA) and Gel Doc™ XR+ gel documentation 

system (Bio-rad, USA). Sanger dideoxy sequencing of the amplified fragments was carried out using 

on base of the Institute of Bioorganic Chemistry of the NAS of Belarus. Amplicons were electropho-

retically separated in 0.8% agarose gel, target fragments were cut out from the gel and purified with 

NucleoSpin Gel and PCR Clean‑up (Macherey Nagel, Germany). Purified DNA fragments were then 

used in a sequencing reaction utilising BrilliantDye3.1 kit (Nimagen, Netherlands). Products were 

purified by ethanol/EDTA precipitation and separated with ABI3130 Genetic Analyzer (Thermo 

Fisher Scientific, USA). We then interpreted the obtained activity graphs into FASTA format se-

quences and aligned them with ClustalW algorithm using MEGA X v10.2.4. [Kumar et al. 2018].  
 

 

Fig. 1. Distribution of wolf sampling 

localities across administrative districts 

of Belarus. Black circles indicate that 

samples harvested in that district were 

used in the present study. Numbers with-

in the circle correspond to location num-

bers Table S1 (column ‘Location #’). 

Рис. 1. Розподіл місць збору вовка за 

адміністративними районами Білорусі. 

Чорні кола вказують на те, що зразки, 

зібрані в цьому районі, були викорис-

тані в даному дослідженні. Числа 

всередині кола відповідають номерам 

пунктів у Таблиці S1 (колонка «Номер 

пункту»). 
 

 

 

Fig. 2. Map showing locations from which wolf mtDNA D-loop region sequences from NCBI were taken.  

Рис. 2. Карта, що показує місця, з яких були взяті послідовності області D-петлі мтДНК вовка з NCBI. 
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We used the same software to determine the number of polymorphic and parsimoniously in-

formative sites in the obtained alignment. Estimation of genetic diversity indicators—nucleotide 

diversity (π), number of haplotypes (h), average number of nucleotide differences (k), and haplotype 

diversity (Hd)—was carried out in DnaSP ver. 6.12.03 [Rozas et al. 2017].  

For the clade analysis, we aligned 100 wolf mtDNA control region sequences for specimens 

harvested across Europe and adjacent regions (Fig. 2) with the 35 sequences we obtained for the 

present study, and used this alignment to build a phylogenetic tree with MrBayes v3.2.7 

[Huelsenbeck & Ronquist 2001]. We used the Hasegawa-Kishino-Yano model with Gamma distri-

bution and invariant sites. Tree searches were conducted with 4 Markov chains (3 heated and 1 cold 

chain) with 2 million generations, sampling every 500 generations and with 25% of burn-in trees 

discarded. We then visualised this tree with FigTree v1.4.41. We also built a haplotype network from 

the same alignment using median joining algorithm in Network 4.6.1.1 [Bandelt et al. 1999]. 

Fu’s Fs, Tajima’s D demographic tests were calculated in Arlequin ver. 3.5.2.2 [Excoffier & 

Lischer 2010], and Ramos-Onsin’s and Roza’s R2 in DnaSP ver. 6.12.03 [Rozas et al. 2017]. 

Significant low values of R2 and negative values of Fs and D indicate population expansion in the 

past [Ramos-Onsins & Rozas 2002]. P-values for R2 was determined via coalescent simulation in 

DnaSP. Raggedness index (quantitative assessment of the smoothness of the mismatch distribution 

for the demographic scenarios of population expansion and stability in the past) and the sum of 

squared deviations (SSD) from the sudden expansion model [Rogers & Harpending 1992; Harpend-

ing 1994] were calculated in Arlequin by generating 10 000 simulated samples [Excoffier & Lischer 

2010]. The abovementioned demographics tests included a sample of 32 wolf specimens, excluding 

the 3 most probable wolf–dog hybrids. 
 

Results and Discussion 

We managed to obtain control region sequence fragments for all 35 C. lupus specimens, with an 

aligned length of 302 base pairs. The alignment contained 9 polymorphic sites, 7 of which were 

parsimoniously informative. The sample presented six haplotypes. The nucleotide diversity index 

has shown a low value, while the haplotype diversity can be characterised as relatively high (Ta-

ble 1). Table 2 presents a selection of estimates of genetic diversity in wolf populations from a num-

ber of similar studies.  

As a main conclusion, the level of genetic diversity for the Belarusian wolf population is con-

sistent with similar data from earlier studies of the wolf populations in Europe and can be character-

ised as moderately high. 
 

Table 1. Genetic diversity and demographic history estimates for the Belarusian wolf population according mtDNA 

control region polymorphism  

Таблиця 1. Оцінка генетичного різноманіття та демографічної історії білоруської популяції вовка за полімор-

фізмом контрольної ділянки мтДНК 

Metric Value Metric Value 

N 35 Fu’s Fs  2.497 NS 

h 6 Tajima’s D  1.59 NS 

Hd ± SD 0.745±0.038 SSD  0.071 * 

π ± SD 0.00977± 0.00075 Hri 0.163 NS 

k 2.931 Ramos-Onsin’s and Roza’s, R2 0.1893 NS 

Note. N—sample size; h—number of haplotypes; k—average number of nucleotide differences; SD—standard devia-

tion; Fu’s Fs, Tajima’s D, Ramos-Onsins and Rozas, R2—population demography tests; SSD—sum of squared devia-

tions from the sudden expansion model [Rogers & Harpending 1992]; Hri—Harpending’s Raggedness index (r) 
[Harpending’s 1994]; NS—statistically insignificant; *—p < 0.05. 

 

                                                           
1 https://github.com/rambaut/figtree/releases 

https://github.com/rambaut/figtree/releases
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Table 2. A comparison of genetic diversity estimates for European wolf populations according to mtDNA control 

region polymorphism 

Таблиця 2. Порівняння оцінок генетичного різноманіття європейських популяцій вовка за поліморфізмом 

контрольної ділянки мтДНК 

Metric 
Source 

N h Hd ± SD π ± SD 

947 27 0.88 0.022 [Pilot et al. 2010] 

192 6 0.775 ± 0.014 0.020 ± 0.011 [Djan et al. 2014] 

643 1–11 0–0.84 0.017 ± 0.009 [Pilot et al. 2006] 

91 4 0.711 ± 0.018 0.018 ± 0.0096 [Gomerčić et al. 2010] 

259 34 – 0.026 ± 0.014 [Vilà & Wayne 1999] 

11 7 0.88 0.014 [Osman et al. 2016] 

43 (Caucasus) 9 0.87 0.012 [Pilot et al. 2014] 

74 (Bulgaria) 11 0.87 0.016 [Pilot et al. 2014] 

7 (Spain) 2 0.29 0.004 [Pilot et al. 2014] 

Note. N—sample size; h—number of haplotypes; Hd—haplotype diversity; π—nucleotide diversity; SD—standard 

deviation. 

 

Analysis of the continental-scale Bayesian phylogenetic tree has revealed two main clades 

(Fig. 3). The first clade included mostly confirmed wolf specimens, with two dogs from Poland 

(GenBank: HM007199 and HM007196) and a confirmed wolf–dog hybrid from Estonia 

(JN182126), while the second clade was made up mostly from confirmed dogs, plus wolves from 

Mongolia (KU696392, KU696394, KU696395, and KU696396). All 35 Belarusian specimens ob-

tained in this study ended up in the first clade, with mostly wolves, with 8 of those being specimens 

reported as likely hybrids due to morphological characteristics. One Belarusian specimen (CL87), 

also a morphologically likely hybrid, was assigned to clade 2. Two of our Belarusian specimens 

(CL54 and CL83) were also confirmed as wolf–hybrids by microsatellite analysis data (unpublished 

data). We see the distribution of Belarusian specimens across the tree as an indicator of high genetic 

heterogeneity of mtDNA lineages in the Belarusian grey wolf population, and a likely mixed origin 

of the population. The clade position of specimen CL87 also suggests the presence of rare wolf–dog 

hybridisation with matrilineal dog ancestry [Hindrikson et al. 2016]. 

Overall, the clade analysis seemingly indicates heterogeneous ancestry of the Belarusian 

wolves, as well as likely hybridisation. But due to inherent limitations of mtDNA data, we suggest 

that a more thorough inquiry utilising nuclear markers is required in order to resolve the issue of 

hybridisation in the studied population, as well as to model its genetic structure with sufficient accu-

racy and resolution for conservation purposes.  

Our analysis of haplotype diversity shows the presence of 6 haplotypes among the 35 sampled 

specimens (Fig. 4, Supplementary material, Table S2), which largely agrees with earlier studies of 

mtDNA haplotype diversity in European wolf populations [Pilot et al. 2010]. The most common of 

those were haplotypes H1 (frequency of 37%), H6 (28%), and H8 (23%), while all the remaining 

haplotypes had occurrence rates between 3% and 6%. The three common haplotypes are encountered 

across most of Belarus, while the rare haplotypes H2 and H11 were only present in the south-eastern 

and south-western parts of the country, respectively, and haplotype H9 was detected in two locali-

ties. The limited sample size does not allow considering the presented variety and distribution of 

haplotypes complete for the studied region, but it does indicate a high degree of diversity and proba-

bly lack of structuring in the population of the species.  

The alleged hybrids according to morphological characteristics belonged to four of the discov-

ered haplotypes: Н6, Н8, Н9, and Н11 (Fig. 4). The distribution of the latter haplotypes is mainly 
tied to the central part of Belarus, but it hardly shows real presence of hybrid animals and rather 

reflects the data about possible wolf–dog hybrids based on information provided by hunters.  
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Fig. 3 (◄). Bayesian phylo-

genetic tree of wolves, dogs, 

and potential wolf–dog 

hybrids based on the analysis 

of mtDNA control region 

sequences.  

Colours:  

green—dogs, blue—wolves, 

red arrows—potential hy-

brids based on morphological 

features; purple labels—

samples from this study. 
 

Рис. 3 (◄). Байєсівське фі-

логенетичне дерево вовків, 

псів та потенційних вовко-

псових гібридів на основі 

аналізу послідовностей 

контрольних ділянок 

мтДНК.  

Кольори:  

зелений — пси, синій — 

вовки, червоні стрілки — 

потенційні гібриди за 

морфологічними ознаками, 

фіолетові мітки — зразки з 

цього дослідження. 
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Fig. 4. Distribution of wolf 

and alleged hybrid haplo-

types by sampling localities. 

Probable hybrids have their 

haplotypes given in bold 

red. 

Рис. 4. Розподіл гаплоти-

пів вовка та ймовірних 

гібридів за місцями збору. 

Гаплотипи ймовірних 

гібридів виділені жирним 

червоним кольором. 
 

 

Fig. 5. A median joining 

network of haplotypes built 

from an alignment of 135 

wolf and dog control region 

sequences.  

Nodes correspond to haplo-

types and are accompanied 

by haplotype names. Node 

size corresponds to the 

number of sequences assig-

ned to the haplotype. Node 

colour denotes the geogra-

phic origin of samples 

assigned to the haplotype. 

Arrows indicate ambiguous 

haplotypes. Turquoise aste-

risk points out the haplo-

types with samples from 

Belarus. Dashed green line 

isolates haplotypes found 

mostly in samples assigned 

to dogs. 

Рис. 5. Медіанна мережа з’єднання гаплотипів, побудована на основі вирівнювання 135 послідовностей 

контрольних ділянок вовків і псів. Вузли відповідають гаплотипам і супроводжуються назвами гаплотипів. 

Розмір вузла відповідає кількості послідовностей, що відповідають гаплотипу. Колір вузла вказує на 

географічне походження зразків, віднесених до гаплотипу. Стрілками позначено неоднозначні гаплотипи. 

Бірюзовою зірочкою виділено гаплотипи зі зразками з Білорусі. Пунктирною зеленою лінією виділено 

гаплотипи, що зустрічаються переважно у зразках, які належать псам. 
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The analysis of the expanded alignment augmented by a continental selection of C. lupus 
mtDNA control region sequences obtained from NCBI Genbank database has shown a haplotype 

distribution similar to one shown in earlier studies of grey wolf phylogeography [Ersmark et al 

2016]. We have observed 32 haplotypes in the alignment, with 19 of them being limited to Europe, 

10 to Asia, and 3 being present in both regions (Fig. 5, Supplementary material, Table S2). Similar 

to the phylogenetic tree, the haplotype network created from the alignment does not indicate any 

clear ancestral structure for Belarusian grey wolves, or Eastern European wolves in general, as most 

haplotypes in question were spread across multiple regions. We interpret this as another indicator of 

mixed ancestry of the Belarusian wolf population.  

Results of demographic tests for the Belarusian wolf population conclusively show the absence 

of drastic population growth events in the past, as indicated by non-significant test values of Fu’s F, 

Tajima’s D and R2, and a significant deviation for the sudden expansion model (Table 1), agreeing 

with the structure of the obtained network of haplotypes.  

We suggest that the modern Belarusian population of C. lupus originating in gradual admixture 

from multiple sources serves as the most likely explanation for the presented characteristics. Moreo-

ver, while large metapopulations of C. lupus inhabiting the neighbouring regions might be the main 

source of this admixture, our data does not exclude the possibility of feral dogs contributing a signif-

icant portion of contemporary grey wolf gene pool in Belarus. In fact, even the limited conclusions 

that can be drawn from mtDNA data seem to support the possibility of significant wolf–dog hybridi-

sation occurring in Belarus. Further studies utilising nuclear markers would serve to decisively con-

clude on the degree of hybridisation in the population and on the severity of the issue. Increasing 

anthropogenic pressure on the wolf population and habitat fragmentation make dog admixture and 

its threat to the stability of the wolf population more probable with time. In this light, efficient man-

agement of the grey wolf in Eastern Europe is going to require a greater degree of genetic monitor-

ing in order to retain the species’ current degree of fitness and diversity.  
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Appendix: Supplementary material 

 

   

CL83 CL84 CL109 
   

  
CL110 CL95 

Fig. S1. Photographs of presumably wolf specimens with morphological characteristics that suggest a possible dog 

ancestry (see relevant records in the Table S1). 

Рис. S1. Фотографії імовірно вовчих особин з морфологічними ознаками, які вказують на можливе собаче 

походження (див. відповідні записи в таблиці S1). 
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Table S1. List of wolf and alleged wolf–dog hybrid specimens obtained in the present study  

Таблиця S1. Перелік зразків вовка та ймовірних гібридів вовка і пса, отриманих у цьому дослідженні 

Location 

# 

Sample ID Harvesting 

date  

Harvesting location Hybridisation clues 

1 TH01867 03.04.2021 Bresсkaja vobl., Ivacevicki rajon, v. Vyhanaščy  

2 TH02703 20.12.2021 Bresсkaja vobl., Ivanaŭski rajon, v. Tyškavičy  

3 TH02704 28.12.2021 Bresсkaja vobl., Kobrynski rajon, v. Haradziec  

4 TH02705 11.12.2021 Bresсkaja vobl., Malarycki rajon, h. Malaryta  

5 TH02242 22.01.2018 NP Belaviežskaja pušča, Karaliova-Mastoŭskaje 

lias. 

 

6 CL87 March 2021 Bresсkaja vobl., Bresсki rajon Oral suggestion from the hunter 

7 TH01870 January 2021 Vitiebskaja vobl., Rassonski rajon, TC ‘Krasny 

Bor’ 

 

8 TH00022 01.02.2016 Vitiebskaja vobl., Dokšycki rajon, h.p. Bjahomĺ  

9 CL37 2009 Vitiebskaja vobl., Polacki rajon  

9 CL39 2009 Vitiebskaja vobl., Polacki rajon  

9 CL40 2009 Vitiebskaja vobl., Polacki rajon  

10 CL107 03.04.2022 Homeĺskaja vobl., Lojeŭski rajon, v. Byvaĺki  

11 TH00263 20.01.2016 Homeĺskaja vobl., Brahinski rajon  

12 TH00287 winter 2016 Homeĺskaja vobl., Petrykaŭski rajon  

12 TH00291 winter 2016-

2017 

Homeĺskaja vobl., Petrykaŭski rajon  

13 TH00339 28.11.2016 Homeĺskaja vobl., Chojnicki rajon, Radzinskaje 

lias. 

 

14 CL83 26.04.2021  Hrodzenskaja vobl., Slonimski rajon, v. 

Azaryčy 

Microsatellite data (unpublished 

data), morphological characteris-

tics (Fig. S1)  

14 CL84 26.04.2021 Hrodzenskaja vobl., Slonimski rajon, v. 

Azaryčy 

Morphological characteristics 

(Fig. S1) 

14 CL85 26.04.2021 Hrodzenskaja vobl., Slonimski rajon, v. Akačy  

15 CL54 2016 Hrodzenskaja vobl., Iŭieŭski rajon Microsatellite data (unpublished 

data) 

15 CL55 2016 Hrodzenskaja vobl., Iŭieŭski rajon  

16 CL86 2021 Hrodzenskaja vobl., Smargoński rajon  

17 CL106 25.11.2020 Hrodzenskaja vobl., Astravecki rajon, v. Belaja 

vada 

 

18 CL95 03.11.2021 Minskaja vobl., Kliecki rajon Morphological characteristics 

(Fig. S1) 

18 CL109 02.09.2022 Minskaja vobl., Kliecki rajon Morphological characteristics 

(Fig. S1) 

19 CL96 02.11.2021 Minskaja vobl., Lahojski rajon, v. Plieščanicy  

19 CL102 10.10.2020 Minskaja vobl., Lahojski rajon, v. Plieščanicy  

20 CL99 24.10.2021 Minskaja vobl., Krupski rajon, h. Krupki  

21 CL100 25.02.2021 Minskaja vobl., h. Bierazino black wolf 

21 CL101 15.02.2021 Minskaja vobl., h. Bierazino light red coat colored wolf 

22 CL110 08.12.2022 Minskaja vobl., Salihorski rajon, v. Rožan Morphological characteristics 

(Fig. S1) 

23 CL98 24.10.2021 Mahilioŭskaja vobl., Bialynicki rajon, v. Bi-

alyničy 

 

24 TH02111 01.03.2021 Mahilioŭskaja vobl., Škloŭski rajon  

25 TH02543 December 

2021 

Mahilioŭskaja vobl., Asipovicki rajon, 

Asipovickaje lias. 

 

25 TH02544 December 

2021 

Mahilioŭskaja vobl., Asipovicki rajon, 

Asipovickaje lias. 

 

Note. Alleged hybrids have their Sample IDs given in bold; vobl.—region; v.—village; h.—town; h.p.—urban-type 
village; lias.—forestry.  
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Table S2. List of Canidae (wolves and dogs) mitochondrial DNA control region haplotypes according to a 302 bp 

alignment of 135 sequences including the Belarusian specimens obtained in the present study and 100 sequences 

obtained from the NCBI Genbank database  

Таблиця S2. Список гаплотипів контрольної ділянки мітохондріальної ДНК Canidae (вовки, собаки) за вирів-

нюванням 302 п.н. 135 послідовностей, включаючи білоруські зразки, отримані в цьому дослідженні, та 100 

послідовностей, отриманих з бази даних NCBI Genbank 

Haplotype Number of 

sequences 

Sequences belonging to haplotype 

H1 25 Ukraine KU696397, Latvia JN182063, CL39, CL40, TH287, CL98, TH2705, CL37, TH291, 

TH339, TH2543, TH2544, CL96, CL99, TH2704, China MG818352, w8latvia JN182063, 

w10latvia JN182065, w15latvia JN182070, w22latvia JN182077, w24latvia JN182079, 

w26latvia JN182081, w27latvia JN182082, w13latvia JN182068, w28latvia JN182083 

H2 2 CL107, w7c KJ195895 

H3 1 w77 Georgia KJ195897 

H4 1 w29 Israel KJ490942 

H5 1 w47 KJ490943 

H6 12 TH1867, CL95, CL101, CL109, CL85, TH1870, CL102, TH22, TH263, CL110, Russia2 

KF661044, Poland2 KF661049 

H7 1 w78 Spain KJ195898 
   

H8 61 Estonia JN182126 hyb, Latvia JN182087, CL83, CL84, CL54, TH2242, CL55, CL106, 

CL86, TH2703, w2estonia JN182020, w4estonia JN182022, w5estonia JN182023, w8estonia 

JN182026, w1estonia JN182019, w11estonia JN182029, w22estonia JN182040, w3estonia 

JN182021, w6estonia JN182024, w7estonia JN182025, w9estonia JN182027, w13estonia 

JN182031, w12estonia JN182030, w15estonia JN182033, w18estonia JN182036, w14estonia 

JN182032, w16estonia JN182034, w17estonia JN182035, w26estonia JN182044, w19estonia 

JN182037, w19latvia JN182074, w10estonia JN182028, w20estonia JN182038, w23estonia 

JN182041, w25estonia JN182043, w29estonia JN182047, w1latvia JN182056, w9latvia 

JN182064, w11latvia JN182066, w12latvia JN182067, w23latvia JN182078, w21estonia 

JN182039, w24estonia JN182042, w30estonia JN182048, w2latvia JN182057, w14latvia 

JN182069, w21latvia JN182076, w27estonia JN182045, w28estonia JN182046, w6latvia 

JN182061, w4latvia JN182059, w7latvia JN182062, w16latvia JN182071, w17latvia 

JN182072, w18latvia JN182073, w5latvia JN182060, w20latvia JN182075, w29latvia 

JN182084 w30latvia JN182085, w25latvia JN182080, w3latvia JN182058 

H9 3 CL100, TH2111, Norway MZ337539 

H10 1 Norway MZ337538 

H11 5 Hungary MF113216 CLf, Hungary MF113215 CLf, Poland HM007198 CLf, CL87, China 

MG818367 CLf 

H12 1 Poland HM007200 CLf 

H13 1 Poland HM007197 CLf 

H14 1 Poland HM007199 CLf 

H15 2 Poland HM007196 CLf, Ukraine KF661047 

H16 3 w32A KJ490944, w76 KJ195896, Iran KF661051 

H17 2 Mongolia1 KU696392, Mongolia5 KU696396 

H18 1 Mongolia3 KU696394 

H19 1 Mongolia2 KU696393 

H20 1 Finland KF661038 

H21 1 Sweden KF661040 

H22 1 Sweden3 KF661052 

H24 1 Israel1 KF661042 

H25 1 Croatia KF661054 

H26 1 Israel2 KF661055 

H28 1 Russia3 KF661046 

H29 1 Poland1 KF661045 

H30 1 Italy KF661048 

H31 1 Switzerland1 KF661087 

H32 1 Mongolia4 KU696395 
 


