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Modern scientific approaches, challenges and prospects in the field of domestic
dog breeding (Canis lupus familiaris), with an emphasis on combining genetic,
behavioural, social and ethical aspects of selection, are under constant attention of both
individuals and clubs, professional organisations that carry out targeted work in this
field. The complexity of making the right choice in breeding is due, on the one hand, to
recent changes in social demand for certain breeds and, on the other hand, to the wide
variety of dog breeds: toy (companion) and non-sporting (with unique or mixed
functions); sporting (for hunting); working (guard, rescue, sled dogs); herding; hounds
(search by scent or hunt by sight), terriers (for burrowing hunting). Each of these groups
must perform specific tasks, which historically determined the peculiarities of imprinting
and habituation of certain breeds. The process of domestication of dogs is analysed as a
multiphase phenomenon, with constant accompaniment and development of affiliative
behaviour, and as a result, a strong social bond with humans. Contemporary challenges
in dog breeding are considered, in particular the problem of uncontrolled crossbreeding,
the emergence of new breeds, the impact of inbreeding, standardisation and the reduction
of genetic diversity. Particular attention is paid to the possibilities of using genomic
technologies (GWAS, DNA sequencing, breeding value estimation, STR markers) to
predict the performance, behaviour and health traits of dogs for various purposes. The
need for a clear definition of selection goals and the use of genetic-statistical selection
criteria that take into account market demands, the social functions of dogs and welfare
requirements is justified. Modern approaches to breeding work in dog breeding are
considered, taking into account the achievements of genetics, biotechnology and
bioinformatics. The material is based on an interdisciplinary analysis of contemporary
scientific literature and leading research in biology, genetics, and genomics of dogs,
using analytical, synthetic, and comparative approaches. The results of the studies
indicate the need to rethink the goals of dog breeding — from narrow-breed aesthetics to
preserving the health, adaptability and social significance of dogs in modern society.
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CyuacHi Hayko8i nioxoou, GUKIUKU mMa Nnepcnekmusu y cghepi po3eedeHHs.
oomawnix cobax (Canis lupus familiaris), 3 axyenmom na noconanmsi eenemuunux,
NOBEOIHKOBUX, COUIAIbHUX MA eMUYHUX ACNEKMIE CelleKYil, 3HAX00MbCsl ni0 NOCMIUHO
V8a20i0 AK OKpemux jrodell max i Kuyois, npogecilinux opeanizayiil sKi npo8oosims
yinecnpamosany pobomy 6 yiu cghepi. Ckraouicms npaguibHO20 8UOOPY 8 PO368eOeHHI, 3
00H020 OOKY 3YMOBIEHO 3MIHAMU 8 OCMAHHI YACU COYIANbHO20 NONUMY HA Ne6HI Nopoou,
a 3 Opy2020 WUPOKOI0 PO32ATYHCEHICMIO NOPIO cOOAK HA: i2pAUKO8I (KOMNAHbIOHU) ma
HeCnopmueGHi (3 VHIKATbHUMU D0 3MIUAHUMU PYHKYIAMU), CROPMUBHI (OJ1s1 NOJII0BAHHS),
poboui (0xopoHa, nopsamyHoK, i3008i cobaku), nacmyuii, 20HYaKu (NOULYK 3a 3anaxom
abo nonOBaHHA 3a BI3VANbHUM 300paddceHHAM), mep'epu (0751 HOPHO20 NONIOBAHHS).
Kooicna 3 yux epyn nosunna sukoHysamu KOHKpemHi 3a60aHH5, WO iICMOPUYHO 3YMOBUILO
ocobaugocmi iMnpunmuHey ma eabimyayii nesHux nopio. Ananizyemvcs npoyec
ooomauwiHenHs cobak Ak 6azamoghasHe sAsuwe, 3 NOCMIUHUM CYNPOBOONCEHHAM MdA
PO36UMKOM AhiniamueHoi N08ediHKU, U K HACTIOOK CUIbHUM COYIAIbHUM 38 SI3KOM 3
Ja0ouHow. Poszensdaromecsa cyuacui GUKIUKU 8 COOAKIBHUYMEI, 30Kpema npobiemda
HEKOHMPONbOBAHO20 — CXPEWYBAHHs, NOA6A  HOBUX NOPIO, 6NAUE  THOPUOUHZ),
cmaunoapmu3ayii ma cKOpoOueHHs 2eHemuyHo2o pisnomanimms. Oxkpemy yeazy npuoileHo
mooicnueocmam  suxopucmanns cenomuux mexuonoeit (GWAS, cexsenysanns J{HK,
oyinka nieminnoi yinnocmi, STR-ymapkepu) ons npocHo3ysanHs 03HaK NPOOYKMUEHOCHII,
nogedinku i 300po8’si cobak pizHo2o npusnayenHs. OOIPYHMOBAHO HeOOXIOHICMb
YimKo20 BU3HAYeHHs yinell celeKyii ma BGUKOPUCMAHHS 2eHemUKO-CMAamucmudHux
Kpumepiig 8i1060py, AKi 8pAX08yI0OMb PUHKOBI 3anumu, coyiaibHri QyHKYii cobax i umoau
00 ixHb020 000pobymy. Poszenanymo cyuachi nioxoou 00 nposaddicenHs cenreKyiuHoi
pobomu y cobaxi@Huymei 3 YpaxyeauHAM OOCACHEeHb 2eHemuKu, Oiomexnonozii ma
bioingpopmamuxu. Mamepian 6a3zyemvcsi HA MINCOUCYUNTIHAPHOMY AHANI3L CYYACHOT
HAayKo8oi nimepamypu, nposiOHUX O0CTIONCEHHb 3 0i0102i1, 2eHeMUKU Ma 2eHOMIKU cobax
i3 BUKOPUCMAHHAM AHANIMUYHOR0, CUHME3- Md NOPIGHANIbHO20 Niox00is. Pezyiemamu
nposedeHux O0O0CNIOJNCeHb 6KA3VIOMb HA  HEOOXIOHICMb NepeoCMUCTIeHHS  yinell
cobaxisHuymea — 8i0 B8Y3bKONOPOOHOI ecmemuku 00 30epediceHHs 300pos s,
aoanmueHOCmi ma coyiaibHOI 3HAYYWoCmi cooaxku 8 Cy4acHomy CyChniibCmei.

KuarouoBi ciaoBa: cobaku, KiHONOTIS, MOPOAM cobak, Tporpamu Bigdoopy,
reHOMiKa, 610TEeXHOJIOT1s, CMIaKOBICTh, TEHETUYHE PI3HOMAHITTS.

186


https://orcid.org/0000-0003-4197-5034
https://orcid.org/0000-0002-6204-7571
https://orcid.org/0000-0002-8114-3665
https://orcid.org/0000-0001-9012-6835
https://orcid.org/0000-0002-0405-3367

:l
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne135 F=&

Introduction. Canis lupus familiaris, the domestic dog, belongs to the wolf
species (Canis lupus) and is a subspecies of mammals, one of the first to be domesticated
by humans, making this species an integral companion to societies on different continents.
In evolutionary biology, this process is considered "multiphase,” with the first phase
being when different groups of wolves were tamed by a specific anthropogenic niche, and
the second phase being characterised by the gradual formation of mutual, multifaceted
relationships between wolves and humans. D. Tancredi, I. Cardinali (2023) provided a
historical overview of the domestication of Canis familiaris, highlighting the ecological
differences between dogs and wolves, using the example of molecular mechanisms that
influenced affiliative behaviour first observed in foxes, and based on genetic studies of
ancient European dogs. Affiliative behaviour refers to actions that promote social bonding
and encompasses friendly interactions that promote, maintain, or strengthen them as a
whole. Such behaviour is common in many mammalian species, including humans, and
Is important for achieving social cohesion and shared well-being. Recently, genetic
research has played an increasingly important role in breeding programmes for most
domestic and farm animal species in order to achieve the desired results quickly. At the
same time, H.F. Proschowsky et al. (2024) note certain changes in the goals of purebred
dog breeding over the past decades, which have led to the following consequences: 1) a
decrease in the influence of traditional kennel clubs, with more dogs being sold without
pedigrees due to strict legal restrictions on dog breeding in these clubs; 2) an increase in
the popularity of uncontrolled crossbreeding of established breeds (i.e., the creation of
designer breeds) and a growing craze for breeding mixed-breed dogs. H.F. Proschowsky
et al. (2024) argue that newly invented designer and mixed breeds have health and
behavioural problems, are unpredictable in terms of body size and basic behaviour, and
require increased care. The authors suggest that breed clubs or their successor
organisations open breed registries, remove wording from breed standards that currently
promote extreme conformation, support selection against genotypes and phenotypes that
contribute to disease, and refocus dog shows and breeding to promote health and
appropriate behaviour.

The International Cynological Federation (FCI) attempts to ensure mutual
recognition of pedigrees and judges by all FCl member countries, but unlike national
cynological clubs, it does not issue pedigrees to individual dogs. Without denying the
importance of national clubs, E.D’Agaro et al. (2020) note that the general actions to be
taken as part of a dog breed genetic improvement programme should include: 1) genomic
identification and characterisation of individuals, highlighting individual potential in
terms of contribution to biodiversity, abilities and practical use; 2) monitoring
demographic parameters and assessing the risk of genetic variability decline; 3)
characterising and assessing intraspecific genetic variability for proper management.
Modern molecular methods can be useful for improving management strategies, even for
minor breeds and selection based on qualitative traits. The working hypothesis is to add
molecular data to classical schemes (auxiliary selection) to improve the accuracy of such
assessments. Traditionally, the first step in planning an improvement programme consists
of: 1) defining selection goals; 2) identifying the traits to be fixed; 3) assessing the gene
effect of the traits to be selected; 4) assessing the influence of the environment (epigenetic
effect) on the traits to be selected.

The long-standing partnership between humans and dogs has always involved a
desire to meet a wide range of shared needs, with human demand exceeding current
capabilities in breeding highly productive and, especially in recent times, healthy dogs.
New genetic-statistical approaches and genomic technologies have the potential to
accelerate this process by moving from phenotypic selection to methods that can preserve
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genetic diversity while increasing the proportion of successful dog breeds. To fully utilise
this technology, large data sets on hundreds of thousands of animals will be required.
F. L. Chen et al. (2021) reviewed recent advances in breeding and how a new approach
to dog breeding will meet the needs of working dog breeders today, as well as provide
them with a path to the next generation. Experts have already provided step-by-step
guidance for dog breeders to begin implementing selection based on estimated breeding
value in their programmes, based on genotyping and DNA sequencing. In this situation,
the task is to exchange data between breeding programmes (F. L. Chen et al., 2021,
Ruban, 2023) as a way to achieve a future that can be beneficial for all domestic animal
species and dog breeds, as well as their human partners. The long-standing partnership
between humans and dogs is constantly striving to meet emerging needs, as demand
exceeds our ability to safely breed highly productive and healthy dogs. New statistical
genetic approaches and genomic technologies have the potential to accelerate breeding
by moving away from traditional phenotypic selection to methods that can preserve
genetic diversity and increase the proportion of successful dogs. To fully utilise this
technology, very large datasets with hundreds of thousands of dogs will be needed.
Today, dog breeders are trying to apply the tools available to them, often ignoring the
accumulated experience in statistical genetics and genomics.

S. Wang et al. (2018) in their study on dog breeding and management in kennel
clubs indicate that national kennel clubs are key players in the management and regulation
of dog breeding to improve the health and welfare of breeding dogs. Fifteen kennel clubs
from 11 European countries (Austria, Belgium, Denmark, France, Germany, Ireland,
Latvia, the Netherlands, Norway, Sweden and the United Kingdom) and four non-
European countries (Australia, Mexico, Uruguay and the United States) took part in a
survey conducted to study the differences between kennel clubs in breeding policies and
the management of pedigree dogs. The most important concerns reported by dog club
representatives were exaggerated morphological traits and hereditary diseases. A wide
range of information, tools and strategies were used to address these issues, with
implementation varying by country and breed. The implementation of advanced breeding
tools, such as genetic evaluation and online mating advisory tools, as well as balanced
breeding strategies approved by clubs and breeders, remains a challenge and requires
further development.

The aim of the study was to analyse recent advances in animal breeding and how
these approaches could be implemented in dog breeding, as well as to explore the
potential for using breeding value selection in such programmes, using DNA genotyping
and sequencing procedures that are becoming more accessible and can be successfully
integrated into selection programmes.

Materials and methods. Research methods: analytical, synthesis approach,
interdisciplinary and search-comparative. A review of specialised scientific literature in
the fields of cynology, genetics and breeding was studied and analysed. The authors used
data from the journal Animals, which is indexed in Scopus, Web of Science, PubMed,
PMC, Embase, PubAg, and AGRIS. An analysis was conducted of 16 key publications
on cynology in various issues of this journal, which most fully and professionally reflect
the prospects for the application of genetic research in cynology.

Research results. The breeding of domestic dogs has led to the emergence of a
large number of breeds designed to perform various functional tasks. Despite the
heritability of behavioural traits typical for each breed, the identification of causal loci
has proven difficult due to the complexity of the Canis familiaris population structure.
D. Tancredi & 1. Cardinali (2023) conducted an analysis on three Mediterranean
peninsulas (Balkan, Pyrenean, and Italian), which together represent a geographical
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region with a diverse demographic composition. This feature of studying the dynamics of
domestication is characteristic of other geographical regions, since in the first case, the
genetic variability of dog populations was formed due to partial isolation and contact with
certain ethnic groups or historically formed communities of people with unique
characteristics of culture, language, origin, way of life, and awareness of their unity and
differences from others. Determining the genetic structure of dog breeds based on the
analysis of uniparental genetic markers (inherited from only one parent, either the mother
or the father) and their phylogeny revealed the most contrasting differences between these
groups. E.V. Dutrow et al. (2022) proposed a method for identifying genetic factors
associated with dog behaviour. This involved using genetic data for more than 4,000
domestic, semi-wild and wild canids, as well as behavioural research data for more than
46,000 dogs. The authors pointed to the influence of non-coding regulatory variations on
such behavioural differences when genes in co-expression neurodevelopmental networks
identify different manifestations of axon guidance functions (nerve cell processes that
conduct nerve impulses). This work provides a basis for the diversification of dogs and
positions the domestic dog as a unique system for identifying genetic diversity in the
manifestation of its own behaviour. This raises the question of why dogs are bred and
what their role is (apart from food) in social relationships with humans. K. Northrope et
al. (2024) investigated how people's relationships with dogs are related to mental health
and how this compares to their relationships with other people. The unexpected results
showed that owners who had a strong attachment to their dogs tended to have poorer
mental health outcomes. The link between strong attachment to their pets and poor mental
health may be partly due to these owners having an anxious style of relating to other
people, suggesting that these owners turn to their dogs for the emotional support they
need, which is caused by a lack of reliable connections among people. In addition to this
study, C. Sulonen et al. (2024) showed, based on an analysis of cortisol concentrations in
dog hair, that animals from shelters had higher levels of long-term stress than those that
had been rehomed. A.C. Johnson & C.D.L. Wynne (2024) also demonstrated that owners
who had a strong attachment to their dogs tended to have poorer mental health outcomes.

In their study of dog personality traits, J. llska et al. (2017) used dog owners'
knowledge to create a large dataset on the personality traits of Labrador Retrievers.
Taking into account key environmental factors, it was demonstrated that genetic variation
can be detected for dog personality traits assessed using questionnaire data. The
researchers found genetic variation for several traits, including retrieving propensity and
fear of loud noises, while other traits showed little heritability. Genetic correlations were
also estimated between traits; however, due to fairly large standard errors (SE), only a
few trait pairs yielded statistically significant estimates. Genomic analysis showed that
these traits are predominantly polygenic, meaning that individual genomic regions have
a small effect, and suggested chromosomal associations for six traits.

K. Vékony et al. (2024) investigated whether social rank could be a factor in
individual variability in dogs' tolerance to frustrating situations (the presence of obstacles)
when a person cannot achieve their goals or satisfy their needs and experiences irritation,
frustration, and negative emotions. The results show that the social rank of dogs
influences their resource-related behaviour in such cases. A. Lamontagne et al. (2025)
presented the first direct comparison of dogs' ability to synchronise their behaviour with
both other dogs and humans, with noticeable differences depending on whether they had
interacted with individuals of the same or different species before. The study also
highlights the influence of daily experience.

To achieve stable olfactory characteristics and meet usage-oriented needs, Chinese
breeders continue to carry out the same artificial selection. Although olfactory behaviour
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is a genetic behaviour in dogs, the genotypes of OR genes formed by breeding patterns
are largely unknown. In this regard, M. Yang et al. (2022) characterised 26 SNPs, 2
deletions, and 2 insertions of 7 OR genes between search dogs and guide dogs to identify
candidate alleles associated with specific working traits. The results showed that there
were candidate alleles of functional SNPs at one locus that had statistically significant
differences between the two subpopulations. In addition, polymorphism levels were not
high at all loci, and linkage disequilibrium occurred only within one OR gene. The
scientists concluded that artificial selection for working abilities affected the SNP alleles
of OR genes in the dog breed and directed evolution in line with human intentions,
although the changes are limited to decades of strategic selection.

H.G. Molinaro et al. (2025) concluded that dogs' emotional states could be assessed
using an attention bias test, indicating that such a test is a promising tool for this type of
assessment. Using this test could improve our understanding of dogs' emotions and,
consequently, improve our ability to provide dogs with quality care. L.P. Case (2023),
considering dog breeds, their selection methods and genetic testing programmes, focused
on their sporting and social purposes, highlighting the threats posed by specific diseases,
infectious and atopic diseases (allergic skin diseases), as well as the importance of
effective vaccines and vaccination schedules for R. R. Ha et al. (2024) examined the
impact of inbreeding on behavioural problems (anxiety and aggression) and how this
potentially affects the future health of the breed. The authors pointed to the dominant
significance of breed as an indicator of behaviour and other individual differences.

P. Verbeek et al. (2024) studied how the relationship with a human partner affects
a dog's well-being. According to the Five Freedoms of Animals concept contained in the
World Declaration of Animal Welfare (https://europaregina.eu/wp-
content/uploads/2023/05/udaw-universal-declaration-on-animal-welfare-wspa.pdf),
animals have the right to: freedom from hunger and thirst; freedom from discomfort;
freedom from pain, injury and disease; freedom to express normal behaviour; freedom
from fear and distress. Researchers found 706 publications on the relationship between
humans and dogs, 246 of which were devoted to welfare studies, and found that the
characteristics and origins of the dog and its owner influence both the nature of their
relationship and the welfare of the dog, both positively and negatively. The concept of
welfare is based on a certain contradiction between the biological characteristics of the
animal on the one hand, and the economics, ethics and psychological satisfaction of the
human on the other (Ruban, 2023). In general, dog breeding requires the definition of
goals and specific selection criteria (a clear numerical value for the assessment of a
particular trait or characteristic for each animal) according to which information is
regularly collected (Fig. 1).

In such a situation, it is necessary to focus on market demand, which in dog
breeding is often linked to people's preferences. It is relatively easy to establish selection
criteria for service dogs, dogs for sports and hunting, although personal "aesthetic"
preferences are sometimes also incorporated into certain clear requirements. Australian
researchers E.S. Power et al. (2024) conducted a survey of residents about what the ideal
dog should be like. The results of these responses included: being medium-sized, with
short hair that sheds little or not at all; being affectionate, healthy, non-aggressive, safe
with children; house-trained, harmless when left alone, and not running away from the
territory. Breeders, potential owners, and policymakers can benefit from this research,
which may help reduce animal abandonment and impr ove human-dog relationships.
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Fig. 1. Schematic diagram of the organisation of a breeding programme with

domestic animals and companion animals
Source: https://wiki.groenkennisnet.nl/space/TAB

At the same time, it is important to understand that the correct evaluation and selection
of animals is based on certain genetic and statistical methods (Table 1), which are widely
used in selection programmes for domestic and farm animals.

The very system of selecting traits for breeding depends on the breeding goals and
is quite diverse in dog breeding. Thus, L. Peterca et al. (2025) studied how well French
bulldogs understand non-verbal communication, in particular, whether a close
relationship with the owner helps them interpret training gestures. The authors suggest
that future studies should include more dog breeds to better understand how the
relationship between the owner and the dog affects social skills over time. P. Dobos and
P. Pongracz (2025) tested companion dogs in a scenario of copying their owner's
behaviour or independently solving a specific task, which made it possible to determine
the degree of socialisation of the dogs (copying the solution suggested for the dog by the
owner). B. McGuire et al. (2025) based their research on the possibility of focusing
training efforts on dogs that grab the leash during walks. E.L. Buckland et al. (2025)
studied the results of the "Post-Adoption Support” project, launched in 2018 by Dogs
Trust in the UK, which aimed to monitor the behaviour and health of dogs after rehoming
(rehoming - relocating dogs or placing them with a new owner, which involves finding a
new home for an animal that for some reason cannot remain in its previous home). These
studies provided insight into the welfare of dogs during the first four months after
rehoming. S.B. Sidel et al. (2025) developed and tested methods for protecting dogs
during psychological stress tests, based on a scale that measures fear and anxiety through
body language. This method made it possible to identify the most effective ways to create
comfortable conditions. V. Bakos et al. (2025) proved that rank among dogs can influence
each dog's attachment to its owner, mainly under the influence of competition from other
dogs living together.
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Table 1

List of the main methods used in the system of assessing the genetic (breeding)

value of animals

Method

Purpose, brief description of input information

Family selection index

Assessment of the breeding value (BV) of an animal based
on its own data and that of its relatives (parents, siblings,
half-siblings, offspring)

Best linear unbiased pred

iction — BLUP

Father (sire) model

Evaluation of BV, taking into account "father-offspring"
family ties. When including the kinship matrix between
sires, "father-son"™ and "father-mother-grandchildren”
family ties are also taken into account.

Father-mother's father | PC evaluation, taking into account the family relationships

model "father - offspring” and "father of the mother -
granddaughter”, the breeding value of the father of the
mother. When including the kinship matrix between sires,
the family relationships "father - son" and "father of the
mother - grandson" are also taken into account.

Animal model PC evaluation takes into account all family relationships
between animals.

Animal model with | Increased accuracy of PC by reducing residual variance

multiple trait

measurements

Animal model with | PC evaluation, taking into account the influence of the

inclusion of maternal
effect

mother on the traits of the offspring

Animal  model for | Estimation of breeding value, taking into account genetic

multiple traits and environmental correlations between traits, thereby
increasing the accuracy of the estimation of the breeding
value of animals for each trait and allowing predictions of
breeding values for missing traits to be obtained.

Animal model with | PCevaluation, taking into account additive and non-additive

inclusion  of  non- | (epistatic: dominant, additive-additive, additive-dominant,

additive effects etc.) genetic effects

Animal  model for | PC evaluation, taking into account the influence of breed on

several breeds the breeding value of an animal, the effect of heterosis,
recombination losses and possible heterogeneity of genetic
and environmental dispersions and covariances across breed
groups.

Animal model with | PC evaluation, taking into account genetic differences

genetic groups between groups

Animal model with | PC estimation, genetic value is expressed by one or more

random regression | (equations) random regression coefficients

coefficients

Animal model | PC evaluation, taking into account the effects of individual

incorporating the effects
of individual markers

genetic markers

Genomic BLUP

PC evaluation is based on the use of a large number of
genetic markers covering the entire genome
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Auxiliary methods
Restricted ~ maximum | Calculations of variance and covariance components for the
likelihood - REML estimation of genetic parameters (heritability, repeatability,
genetic and environmental correlations between traits).
Economic selection | Calculation of the total economic value of an animal by
index combining breeding value estimates for individual traits,
taking into account their economic weights

J. Kim et al. (2018) compared whole genome sequence data between sporting and
hunting breeds and terrier breeds and demonstrated that genes controlling cardiovascular,
muscle and neural functions are under strong selection in sporting and hunting breeds,
including ADRB1, TRPM3, RYR3, UTRN, ASIC3 and ROBOL1. The scientists identified
the TRPM3 allele, which was significantly associated with increased speed in whippets,
accounting for 11.6% of the total variance in racing performance. The researchers also
observed a significant association of ROBO1 with breed-specific achievements in
obstacle course competitions. These results provide strong evidence that breeds designed
for sporting hunting have been adapted to their professions through improved endurance,
cardiac function, blood flow, and cognitive abilities, demonstrating how strong
behavioural selection alters physiology, creating breeds with different capabilities.

Discussion. The development of dog breeds from wild ancestor populations is a
successful model for studying domestication and genetic diversification. The initial
domestication processes created genetic bottlenecks, which have since been exacerbated
by further selective pressure in the creation of specific breeds (Hsu et al., 2023), and now
almost every breed is classified according to a standard that includes morphological
criteria, behavioural traits and coat colour. These recommendations were applied during
the development of modern purebred dogs, resulting in a significant reduction in
phenotypic and genetic heterogeneity within breeds, while maintaining diversity between
breeds. Previous studies of genomic diversity have used summary statistics to measure
locus-specific divergence in allele frequencies. J.M. Akey et al. (2002) demonstrated that,
in combination with high-density SNP markers, statistics were a powerful tool for
scanning the dog genome for selection signatures (unique sequences), and developed a
modified approach to identify breed-specific loci.

The dog gut microbiome plays a vital role in overall health and well-being by
regulating various physiological functions, including digestion, immune responses,
energy metabolism, and even behaviour and temperament (Kim et al., 2025). Thus, a
comprehensive understanding of the diversity and functional roles of the canine gut
microbiome is crucial for maintaining optimal health and well-being. Maintaining
eubiosis (eubiosis is a state of healthy microbial balance in a living organism, particularly
in the context of the gut microbiome) requires individualised management strategies that
take into account both physiological characteristics and environmental influences. H. Kim
et al (2025) outline the structure and function of the canine gut microbiome, with a
particular focus on its role in health and the key factors that support it.

T. Gong et al. (2024) conducted the largest (n=97552) genome-wide association
study (GWAS) of dogs of European origin, which expanded our understanding of the
genetic architecture of certain groups. E. Strandberg et al. (2025) assessed the genetic
parameters of behavioural heritability based on a new scale, BPH (behaviour and
personality assessment dogs), for eight breeds: American Staffordshire Terrier; Golden
Retriever; Labrador Retriever; Lagotto Romagnolo; Nova Scotia Duck Tolling Retriever;
Perro de Agua Espanol; Rhodesian Ridgeback; Staffordshire Bull Terrier. It was
concluded that it is possible to successfully select dogs based on BPH, which will lead to
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changes in their behaviour in subsequent generations. |. Zapata et al. (2022) confirmed
previous findings that small body size is associated with many problematic behaviour
patterns, while large size is associated with increased learning ability. Using threshold
models of body weight in Pit Bull Terriers, the possibility of a reduced risk of aggression
towards the owner and an increased risk of fear towards other dogs was demonstrated.

A. Halvonik et al. (2025) investigated HRR (Homologous Recombination Repair)
genetic regions (a group of genes that encode proteins responsible for repairing DNA
damage through homologous recombination), expanding the understanding of their
significance, which may help in identifying disease-related genes, thereby improving
veterinary care and treatment strategies. J. A. Thorsrud et al. (2025) conducted research
to improve the breeding of guide dogs by using genetic information to predict important
health and behavioural traits. Genetic analysis data on German Shepherds, Golden
Retrievers, Labrador Retrievers, and their crossbreeds can be used for further genetic
prediction. T. Sugasawa et al. (2024) developed a method for sequencing mitochondrial
DNA (mtDNA) using faecal samples. This method has been proven to be a form of
genetic sampling that provides a suitable sample for mtDNA decoding. The results
presented will contribute to the future development of veterinary medicine and animal
welfare. There is growing concern that excessive breed standardisation contributes to a
reduction in effective population size and high levels of inbreeding, leading to a loss of
genetic diversity in many breeds. A. Radko and A. Podbielska (2021) examined genetic
diversity among eight popular dog breeds in Poland and evaluated the effectiveness of a
panel of 21 microsatellites (STRs) recommended by the International Society for Animal
Genetics (ISAG) for parentage testing. The breeds characterised were German Shepherd,
Maltese, Irish Wolfhound, Yorkshire Terrier, Beaver Yorkshire Terrier, Golden
Retriever, Labrador Retriever and French Bulldog.

J. M. Akey et al. (2010) described a genome-wide scan for selection in 275 dogs
from 10 phenotypically diverse breeds that were genotyped on more than 21,000
autosomal SNPs. They found 155 genomic regions with strong signatures of recent
selection and candidate genes for phenotypes that are most different between breeds,
including coat size, colour, and texture, behaviour, skeletal morphology, and physiology.
The study also demonstrated a significant association between HAS2 and skin wrinkling
in Sharpeis and provided evidence that regulatory evolution played an important role in
the phenotypic diversification of modern dog breeds. These results illustrate how genetic
maps can rapidly identify the genetic basis of phenotypic variation in dogs and provide a
basis for determining the mechanistic basis of how artificial selection contributes to rapid
and pronounced phenotypic evolution.

H.S. Kim et al. (2023) investigated conservative and global molecular transitions
in transcriptional remodelling (transformation) in dogs of 15 breeds, proving that genes
underlying hormone regulation and developmental programmes were differentially
regulated during ageing. These results emphasise that the rate of age-related
transcriptional remodelling is influenced not only by lifespan but also by the timing of
critical physiological stages. N. Bhowmikwe et al. (2024) used data from 615 dogs to
assess heritability and conducted a genome-wide associative study of behavioural
phenotypes in dogs in a commercial breeding group. An allele and weighted risk scores
were identified where fear-related behaviour may be amenable to genetic improvement.

Using next-generation whole-genome sequencing technology combined with
unsupervised machine learning for pattern recognition, Z. Li et al. (2023) created and
analysed a high-resolution sequence map for 76 breeds. Genomic structures, including
new single nucleotide polymorphisms (SNPs), SNP clusters, insertions, deletions
(INDELS), and short tandem repeats (STRs) among breeds, can serve as specific markers

194



:l
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne135 F=&

for their identification and, most importantly, be used in selection programmes.

Conclusions. In modern cynology, genetic research is beginning to be widely
used in selection programmes, gradually creating a dominant environment alongside
traditional approaches. Direct and predictive (indirect) traits that characterise dog
behaviour are becoming increasingly important. The following conclusions were drawn
from the analytical study.

1. The affiliative behaviour of dogs, which refers to actions that promote social
bonding, has been proven. Such behaviour is common in many species of mammals,
including humans, and is important for achieving social cohesion and shared well-being,
which makes companion dogs popular among different ethnic groups.

2. When breeding dogs, genetic testing programmes are used that focus on their
athletic and social purpose, while considering the threats posed by breed-specific
diseases, infections and atopic diseases.

3. Breed remains an indicator of behaviour and other individual differences, with
proven effects of inbreeding on behavioural problems (anxiety and aggression) and how
this potentially affects the future health of dogs of this breed.

4. The use of genome-wide association studies (GWAS) reveals the potential for
rapidly achieving breeding goals and implementing successful programmes for working
with different dog breeds.

Acknowledgements. The authors would like to express their gratitude to the
National University of Life and Environmental Sciences of Ukraine.

References

Akey, J. M., Ruhe, A. L., Akey, D. T., Wong, A. K., Connelly, C. F., Madeoy, J., &
Neff, M. W. (2010). Tracking footprints of artificial selection in the dog genome.
Proceedings of the National Academy of Sciences, 107(3), 1160-1165.

Akey, J.M. (2002). Interrogating a high-density SNP map for signatures of natural
selection. Genome Research, 12(12), 1805-1814.
https://doi.org/10.1101/gr.631202

Bakos, V., Vékony, K., & Pongracz, P. (2025). Hierarchy-Dependent behaviour of dogs
in the strange situation test: High-ranking dogs show less stress and behave less
friendly with a stranger in the presence of their owner. Animals, 15(13), 1916.
https://doi.org/10.3390/ani15131916.

Bhowmik, N., Cook, S.R., Croney, C., Barnard, S., Romaniuk, A.C., & Ekenstedt, K.J.
(2024). Heritability and genome-wide association study of dog behavioral
phenotypes in a commercial breeding cohort. Genes, 15(12), 1611.
https://doi.org/10.3390/genes15121611.

Buckland, E.L., Giragosian, K., Jordan, E.J., Da Costa, R.E.P., Woodward, J. L., &
Casey, R.A. (2025). New strategies of canine post-adoption support: Methods for
a prospective longitudinal cohort study. Animals, 15(9), 1232.
https://doi.org/10.3390/ani15091232.

Chen, F.L., Zimmermann, M., Hekman, J.P., Lord, K.A., Logan, B., Russenberger, J.,
Karlsson, E. K. (2021). Advancing genetic selection and behavioral genomics of
working dogs through collaborative science. Frontiers in Veterinary Science, 8.
https://doi.org/10.3389/fvets.2021.662429.

D’Agaro, E., Favaro, A., & Rosa, D. (2021). Canine Genetics and Genomics. IntechOpen.
https://doi.org/10.5772/intechopen.95781.

Dobos, P., & Pongracz, P. (2025). Body awareness does not need a pedigree: Mixed-
breed dogs rely more on self-representation than social learning in a spatial task.
Animals, 15(3), 432. https://doi.org/10.3390/ani15030432.

195



P
g" Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 135

Dog: Its behavior, nutrition, and health. (2023). Wiley & Sons, Limited, John.

Dutrow, E.V., Serpell, J.A., & Ostrander, E.A. (2022). Domestic dog lineages reveal
genetic drivers of behavioral diversification. Cell, 185(25), 4737-4755.e18.
https://doi.org/10.1016/j.cell.2022.11.003.

Gong, T., Karlsson, R., Yao,S., Magnusson, P.K.E., Ajnakina, O., Steptoe, A.,
Almaqvist, C. (2024). The genetic architecture of dog ownership: Large-scale
genome-wide association study in 97,552 European-ancestry individuals. G3:
Genes, Genomes, Genetics. https://doi.org/10.1093/g3journal/jkae116

Ha, R.L., & Brad, T.L. (2024). Breed differences in dog behavior: Why tails wag
differently. CABI.

Halvonik, A., Morav¢ikova, N., Vostry, L., Vostra-Vydrova, H., Mészaros, G.,
Demir, E., Kasarda, R. (2025). Heterozygosity-Rich regions in canine genome:
Can they serve as indicators of balancing selection? Animals, 15(4), 612.
https://doi.org/10.3390/ani15040612.

Hsu, W.-T., Williamson, P., & Khatkar, M.S. (2023). Analysis of dog breed diversity
using a composite selection index. Scientific  Reports,  13(1).
https://doi.org/10.1038/s41598-023-28826-3

Ilska, J., Haskell, M. J., Blott, S. C., Sanchez-Molano, E., Polgar, Z., Lofgren, S. E., &
Wiener, P. (2017). Genetic characterization of dog personality traits. Genetics,
206(2), 1101-1111.

Johnson, A.C., & Wynne, C.D.L. (2024). Comparison of the efficacy and welfare of
different training methods in stopping chasing behavior in dogs. Animals, 14(18),
2632. https://doi.org/10.3390/ani14182632.

Kim, J., Williams, F. J., Dreger, D. L., Plassais, J., Davis, B. W., Parker, H. G., &
Ostrander, E. A. (2018). Genetic selection of athletic success in sport-hunting
dogs. Proceedings of the National Academy of Sciences, 115(30), E7212-E7221.

Kim, H.S., Jang, S., & Kim,J. (2023). Genome-Wide integrative transcriptional
profiling identifies age-associated signatures in dogs. Genes, 14(6), 1131.
https://doi.org/10.3390/genes14061131.

Kim, H., Chae, Y., Cho, J.H., Song, M., Kwak, J., Doo, H., Kim, H.B. (2025).
Understanding the diversity and roles of the canine gut microbiome. Journal of
Animal Science and Biotechnology, 16(1). https://doi.org/10.1186/s40104-025-
01235-4.

Lamontagne, A., Legou, T., Brunel, M., Bedossa, T., & Gaunet, F. (2025). Familiar dog
or familiar person: Who do pet dogs best synchronize with? Animals, 15(4), 505.
https://doi.org/10.3390/ani15040505.

Li, Z., Wang, Z., Chen, Z., Voegeli, H., Lichtman, J.H., Smith, P., Hoh, J. (2023).
Systematically identifying genetic signatures including novel SNP-clusters,
nonsense variants, frame-shift INDELS, and long STR expansions that potentially
link to unknown phenotypes existing in dog breeds. BMC Genomics, 24(1).
https://doi.org/10.1186/512864-023-09390-6.

McGuire, B., Guy, B., Garland, M., & Jackson, A. (2025). Behaviors of shelter dogs
during harnessing and leash walks: Prevalence, demographics, and length of stay.
Animals, 15(6), 856. https://doi.org/10.3390/ani15060856.

Molinaro, H.G., Smith, E., Crawford-Paz Soldan, E., & Wynne, C. D. L. (2025).
Modifying the attention bias test to assess the emotional state of dogs. Animals,
15(6), 840. https://doi.org/10.3390/ani15060840.

Northrope, K., Ruby, M.B., & Howell, T.J. (2024). How attachment to dogs and to other
humans relate to  mental health. Animals, 14(19), 2773
https://doi.org/0.3390/ani14192773

196



:l
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne135 F=&

Peterca, L., Gobbo, E., & Zupan Semrov, M. (2024). Dog—Owner relationship and its
association with social cognition in french bulldogs. Animals, 15(1), 17.
https://doi.org/10.3390/ani15010017.

Power, E.S., Dawson, J., & Bennett, P. C. (2024). The ideal canine companion: Re-
exploring australian perspectives on ideal characteristics for companion
dogs. Animals, 14(24), 3627. https://doi.org/10.3390/ani14243627.

Proschowsky, H.F.,  Arendt, M.L., Bonnett, B.N.,  Bruun, C.S.,  Czycholl, I.,
Fredholm, M., Sandge, P. (2025). A new future for dog breeding. Animal Welfare,
34. https://doi.org/10.1017/awf.2024.66

Radko, A., & Podbielska, A. (2021). Microsatellite DNA analysis of genetic diversity and
parentage testing in the popular dog breeds in poland. Genes, 12(4), 485.
https://doi.org/10.3390/genes12040485.

Ruban, S., Danshin, V., Litvinenko, T., & Sydorenko, O. (2023). Genetic resources in
livestock breeding. Kyiv: CP "Komprint".

Sidel, S.B., Gandenberger, J., Murphy, K., & Morris, K.N. (2025). Recognizing and
mitigating canine stress in human-canine interaction research: Proposed
guidelines. Animals, 15(11), 1665. https://doi.org/10.3390/ani15111665.

Strandberg, E., Nilsson, K., & Svartberg, K. (2025). Genetic parameters of personality
traits in dogs based on behavioral assessment and questionnaire
information. Applied Animal Behaviour Science, 1066109.
https://doi.org/10.1016/j.applanim.2025.106619.

Sugasawa, T., Nguyen, K.D.M., Otani, N.,, Maehara, K., Kamiya, F., Hirokawa, A.,
Kanki, Y. (2024). Whole mitochondrial DNA sequencing using fecal samples
from domestic dogs. Animals, 14(19), 2872. https://doi.org/10.3390/ani14192872.

Sulonen, C., Lof, J., Jensen, P., Lasses, K., Theodorsson, E., Quist, H., & Roth, L. S. V.
(2024). Behavior, long-term stress and relationship to owner in relinquished dogs.
Frontiers in Animal Science, 5. https://doi.org/10.3389/fanim.2024.1384155.

Tancredi, D., & Cardinali, I. (2023). Being a dog: A review of the domestication process.
Genes, 14(5), 992. https://doi.org/10.3390/genes14050992.

Thorsrud, J.A., Evans, K.M., Quigley, K.C., Srikanth, K., & Huson, H.J. (2025).
Performance comparison of genomic best linear unbiased prediction and four
machine learning models for estimating genomic breeding values in working
dogs. Animals, 15(3), 408. https://doi.org/10.3390/ani15030408.

United Nations Declaration on Animal Welfare. (n.d.). Retrieved from https://animal-
interfaith-alliance.com/campaigns/united-nations/

Vékony, K., Bakos, V., & Pongracz, P. (2024). Rank-Related differences in dogs’
behaviours  in  frustrating  situations.  Animals,  14(23), 3411
https://doi.org/10.3390/ani14233411.

Verbeek, P., Majure, C.A., Quattrochi, L., & Turner, S.J. (2024). The welfare of dogs as
an aspect of the human—dog bond: A scoping review. Animals, 14(13), 1985.
https://doi.org/10.3390/ani14131985.

Wang, S., Lalog, D., Missant, F. M., Malm, S., Lewis, T., Verrier, E., & Leroy, G. (2018).
Breeding policies and management of pedigree dogs in 15 national kennel clubs.
The Veterinary Journal, 234, 130-135.

Yang, M., Zhang, H. X., Geng, G. J., Wang, F. J.,, Liu, C. W., & Liu, J. L. (2022).
Avtificial selection drives SNPs of olfactory receptor genes into different working
traits in labrador retrievers. Genetics Research, 2022(1), 8319396.

Zapata, I., Lilly, M.L., Herron, M.E., Serpell, J.A., & Alvarez, C.E. (2022). Genetic
testing of dogs predicts problem behaviors in clinical and nonclinical samples.
BMC Genomics, 23(1). https://doi.org/10.1186/s12864-022-08351-9.

197


https://animal-interfaith-alliance.com/campaigns/united-nations/
https://animal-interfaith-alliance.com/campaigns/united-nations/
https://doi.org/10.1186/s12864-022-08351-9

