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REVIEW OF GENETIC STUDIES
OF MASTIF-LIKE DOG BREEDS

Currently the genetic studies of dogs are carried out quite widely. However, there are more than 400
varieties and breeds of dogs in the world, and not all of them are equally well studied. Thus, the geneti-
cal characteristics of mastiff dogs, which include the Kazakh national breed of herding dogs Tobet, have
not been sufficiently studied. The purpose of this work is to review the genetic studies available in the
scientific literature in varieties of mastiff-like dogs. The review examines the genetic diversity of mastiff
dogs, the mechanisms of adaptation of breeds to living conditions, genetic factors of predisposition to
diseases, as well as phylogenetic relationships between different breeds. Revealing phylogenetic con-
nections of aboriginal dog breeds allows us to trace the correlation with the history and phylogeography
of the peoples who inhabited the areas where these breeds were formed. Analysis of the parameters of
genetic diversity and the level of inbreeding will allow us to apply science-based approaches to preserve
and improve national dog breeds. Genetic research will improve breeding programs, reduce the number
of hereditary diseases in dogs, help preserve the gene pool of the breed, as well as restore local breeds,
including Tobets, which are on the verge of extinction.

Key words: mastiff dog breeds, Tobet, genetic diversity, phylogeny.
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Mactud Topisai UT TyKbiIMAAPbIHbIH
reHeTuKasbiK 3epTreynepiHe wony

Kasipri yakblTTa uTTepre reHeTuKasblk 3epTTeyfnep KeHiHeH Xyprisinyae. [lereHMeH, anemae
400-peH actaMm Typriepi MeH TyKbiMaapbl 6ap, »oHe onapabliH 6api 6ipaen akcbl 3epTTeNMereH.
MaceneH, Ka3akTblH YITTbIK TebeT uttepiHe xataTblH MacTUd Topi3ai UTTep reHeTukanblk TYpFblaaH
XKETKINIKTI 3epTTenmereH. byn >YMbICTbIH MakcaTbl — FbinbiMM aaebueTTepaeri Mactud Tapisai
uTTepaiH apTypni Typnepi 6olblHWA reHeTuKanblk 3epTTeynepre wony xacay. Lonyaa mactud
TOpi3Ai UTTEPAIH reHeTVKanbIK anyaHTypainiri, TykbIMAapAbIH TipWwinik eTy XaraannapbiHa 6eimaeny
MexaHu3MAepi, aypynapra 6eriMainikTiH reHeTukanblk dakTopnapbl, COHAar-ak apTypni TyKbIMAap
apacblHAarbl dunoreHeTukanblk 6alnaHbiCTap KapacTbipbliFaH. XXeprinikTi UT TyKbiMAApbIHbIH
unoreHeT1kanblk 6anaHbICTapbiH aHbIKTay, OCbl TYKbIMZAP KasnblNTackaH alMakTapAbl MekeHaereH
XanblKTapAblH TapyxbiMEH XoHe dunoreorpadusicbiMeH 6alnaHbICbiH Kagaranayra MyMKiHAIK 6epegi.
FeHeTVKasbIK SPTYPAINIK NapaMeTpIEPiH XaHe MHEOPUAVHT AEHreliH Tanaay YITTblK UT TYKbIMAAPbIH
caKTay >XaHe XEeTinAipy YLWiH FulNbIMU HerisgenreH Tacingepai KongaHyra, onapabl ecipy XeHiHaeri
6argapnamManapabl XXakcapTyFa, UTTepAeri TYKbIM KyanalTblH aypynapablH CaHbiH a3aiTyFa, TYKbIMHbIH
reHooHAbIH caKkTayFa, CoHAalN-aK, XKOMbUTy WeriHAe TypFaH XeprinikTi TyKbiMAapabl, COHbIH iWiHAe
TebeTTepai KannbiHa KenTipyre MyMKiHAik 6epeai.

Ty#iH ce3pep: MacTud Topi3ai UT TyKbiMAapbl, TE6ET, reHeTUKanbIK SpTYpNiniK, dhunoreHus.
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0630p reHeTUYECKNX UCCIeA0BaHMIA
MacTucgoobpasHbix nopoa cobak

leHeTU4Yeckne mccnenoBaHMs cobak B HacTosiLee BpeMsl NPOBOAATCS AOCTATOYMHO WMpoko. Oa-
Hako, B MMUpe HacuuTbiBaeTcs 6onee 400 pasHOBUAHOCTEN U Mopod cobak, U He BCE OHU U3YyYeHbl
04MHaKOBO Xopowo. Tak, MacTudoobpasHble cobaku, K KOTOPbIM OTHOCUTCSI Ka3axckasi HauMoHasb-
Has nopoga nacTywbnx cobak TobeT, B reHeTMUYECKOM MiaHe MccneaoBaHbl HeAOCTaTouHO. Llenbio
[laHHOW paboTbl ABNSIETCS 0630p UMEIOLUMXCS B HAYYHOW NIMTEpaType reHeTUYECKMX UCCNefoBaHuin y
pasfiMyHbIX pasHOBMAHOCTEN MacTMhOoobpasHbix cobak. B 0630pe paccMOTPeHbI reHeTUYeckoe pas-
Hoobpa3ne MacTngoobpasHbix cobak, MexaHM3Mbl MPUCMOCOBIEHHOCTM MOPOA K YCIOBUSM OBUTaHMS,
reHeTMyeckme (pakTopbl NPeapacnofioXXeHHOCTM K 3aboneBaHmaM, a Takxke (unoreHeTUYeckne ces-
31 MeXAy Pas/IMYHbIMK MOPOAAMU. YCTaHOBNEHNE DUTOrEHETUUECKUX CBSI3ENM abOpUreHHbIX Mopoj
cobak Nno3BOMISIET NPOCEANTb KOPPENSILUMIO C UCTopuen 1 dunoreorpadunein HapoaoB, HaceNaBLUNX
palioHbl (HOPMMPOBaHMSI AaHHbIX MopoA. AHaNM3 napaMeTpoB MEHETMYECKOr0 PasHOoOobpasvsi U YpPOBHS
MHOPMANHIA MO3BO/IUT NMPUMEHUTb HAay4YHO-OBOCHOBaHHbIE MOAXOAblI A1 COXPAHEHUS! U COBEpLLEH-
CTBOBaHMSI HaUMOHANbHbIX NopoA cobak, ynyylwmnTb NpOrpamMMbl Mo UX pa3BEAEHWUID, YMEHbLWUTL YMC/IO
HacneACTBEHHbIX 3aboneBaHuUii y cobak, CnocobCcTBOBaTh COXpaHEHMIO reHoOoHAa, a Takxe BOCCTa-
HOBJIEHMIO MECTHbIX MOPOA, B TOM Yncie n To6eToB, HaXoAALWMXCS Ha FPaHW UCYE3HOBEHMUSI.

KnroueBble cnoBa: MactudoobpasHble nopoabl cobak, TobeT, reHeTnyeckoe pasHoobpasue, du-

NioreHus.

Introduction

Mastiff-type dogs have been faithful compan-
ions of man since ancient times and were used main-
ly as guard and hunting dogs. Images of mastiff-type
dogs have been found on Egyptian monuments dat-
ing back to 3000 BC. During archaeological excava-
tions in the city of Nineveh, a vase dating back to
612 BC was discovered; the vase depicts a massive
dog with a large square head and armor [1]. Julius
Caesar mentioned the huge dogs of the Britons who
fought with their masters against the Roman legions
in 55 BC. [2]. These dogs came to Great Britain to-
gether with the Celtic tribes who came from Asia
Minor in the 4th-3rd centuries BC. There are dif-
ferent points of view on the origin of the breed, but
the exact origin is unknown. According to many
researchers, Tibetan mastiffs, which lived in the
mountains of Central Asia two thousand years ago,
are the most likely ancestors of modern mastiffs.
Considering that in ancient times the most important
trade routes passed through Asia, Asian dog breeds
could have spread throughout the world.

The beginning of purebred breeding of mastiffs
dates back to the 15th century. The breed underwent
various changes several times, as well as periods of
decline in numbers up to almost complete extinc-
tion, and periods of recovery. Thanks to thoughtful
selection, it was possible to recreate and significant-
ly improve the breed. Now mastiffs are widespread

throughout the world, the breed is gaining popular-
ity, and all new varieties are achieving official rec-
ognition.

In modern cynological science, there is a ten-
dency to reorient research of various dog breeds to
the genetic level of analysis, which contributes to
a deeper understanding of the genetic mechanisms
that determine the health, behavioral characteristics
and evolutionary development of dogs. And in gen-
eral, it should be noted that genetic research of dogs
is carried out quite widely. However, genetic stud-
ies of mastiffs are few and far between, and many of
their varieties, including the Kazakh Tobet, have still
been virtually unstudied at the molecular genetic
level. At the same time, the results of genetic analy-
sis can influence such important aspects as reducing
the genetic load and decreasing hereditary diseases,
improving the health and well-being of breeds, and
improving breeding and restoration programs.

In this paper, we reviewed literature on genetic
studies of mastiff-like dog varieties common in dif-
ferent countries of the world.

Literature review

Currently, the mastiff-like group of dogs in-
cludes 24 breeds, 14 of which are internationally
recognized and another 10 are not officially recog-
nized yet. All mastiffs are large, well-proportioned
and powerful animals, with an average weight of
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50 kg and an average height of at least 60 cm. All
varieties have a muscular build, a large head and a
flat, wrinkled forehead, a square muzzle with pro-
nounced flews, a powerful neck, a wide mouth, a
thick tail, slightly outwardly turned paws, and V-
shaped hanging ears. The length of the coat, color,
eye and nose color depend on the breed variety.
The Kazakh Tobet [3] also belongs to the mas-
tiff-like group of dogs. This is an ancient breed of
large and strong shepherd dogs, which was known
even before our era. Tobets are described in the
books of Marco Polo as large, donkey-sized, as-
sistant dogs for nomads. Tobets are strong, hardy,
unpretentious dogs, adapted to harsh climatic condi-
tions and a nomadic way of life. The coat is thick,
coarse, with a well-developed undercoat, the color is
black, brown, red, gray, their combinations are
possible. Height at the withers is 66-76 cm, weight
is 45-65 kg. The average life expectancy is 11-14

years. Tobets were faithful assistants of nomads,
they have long been used for grazing and guarding
livestock and protecting them from wolf attacks.
These are calm, balanced dogs with a pronounced
territorial instinct, natural guard dogs. They bark
little. One of the characteristic differences of the
Tobets from other wolfhounds is friendliness to a
peacefully minded person and a child. In an unfa-
miliar environment, the behavior is calm, confident.
It has a high intelligence, is able to assess the situa-
tion and make decisions.

Unfortunately, in recent years the population of
Tobets has significantly decreased. Today, the breed
is on the verge of extinction. To preserve the breed,
it is necessary to study it thoroughly, including ge-
netic research to study the genetic structure of the
population.

The appearance of some breeds from the Mas-
tiff-like dog group is shown in Figure 1.

Figure 1 — Appearance of some mastiff-type dog breeds.
A — Turkish Mastiff (Akbash), B — English Mastiff, C — Neapolitan Mastiff,
D — Kazakh Tobet, E — Bullmastiff, F — Tibetan Mastiff.
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One of the most studied genetically among mas-
tiff-like breeds is the Tibetan Mastiff (TM), which is
considered to be the ancestor of all mastiffs.

The TM is a breed of domestic Chinese dogs
well adapted to the high-altitude conditions of Ti-
bet, considered one of the most archaic, ferocious
and largest dogs in the world. There are a number of
studies, mainly by Chinese scientists, devoted to
the genetic mechanisms of adaptability of this breed
to the extreme environmental conditions of the
Qinghai-Tibet Plateau, such as low oxygen con-
centration, very cold and dry climate, strong UV
radiation. At high altitudes, high levels of UV ra-
diation can cause direct DNA damage. In addition,
hypoxia increases the production of reactive oxygen
species, which increase DNA damage. A number of
studies have revealed that the mechanisms of TM
adaptation to high altitude are determined by sev-
eral genes associated with adaptation to hypoxia, in
particular EPAS1 and HBB [4-7]. Based on ge-
nome-wide data analysis, Cai C et al. identified, that
families of DNA repair and damage response genes
are expanded in TM [8]. Contrariwise, the authors
revealed a limitation of the gene families associated
with ATPase activity. This allows cells to reduce
ATP production and oxidative phosphorylation of
mitochondria, and thus reduce ATP consumption
under hypoxic conditions. Genes involved in the
regulation of RNA polymerase 1 transcription (p65,
ATF3, EHF, Loc4981817, ZNF280D, MYPOP,
ATF5, and FOXI12), as well as some genes involved
in the hypoxia response and o/B-oxidation of fatty
acids, were shown to be under positive selection in
the Tibetan Mastiff [8].

Based on the SNP polymorphism studies, Li
Y. et al. conducted a comparative analysis of TM,
aboriginal Chinese dogs and gray wolves to iden-
tify candidate genes for high-altitude adaptation [9].
The investigation also confirmed the important role
of genes associated with the response to hypoxia
in adaptation to the Tibetan Plateau invironment in
different groups of organisms. Of the 16 genes that
showed positive selection signals, 12 genes were
associated with the body’s response to hypoxia,
including the genes EPAS1, SIRT7, PLXNA4 and
MAFG .

Studies of altitude adaptation in TM are mainly
related to genes localized in autosomes. However,
Hong Wu et al. focused on the X chromosome [10].
The advantage of this approach is the reduced popu-
lation size and the ability to analyze the hemizygous
state in males. Based on publicly available genome-
wide data from five TM and five dog populations
living at altitudes from 300 to 4000 m, the authors

identified five genes localized in the X chromosome
and showing signs of selection. One of these genes
was angiomotin (AMOT), which is associated with
the process of angiogenesis.

A number of investigations are also devoted to
the study of genetic diversity and structure of TM
populations. In the work of Ren D.R. et al., using 10
microsatellite loci, an assessment of the genetic
diversity of TM from 4 populations (Tibet, Gansu,
Qinghai and Beijing) was carried out [11]. The re-
sults of microsatellite analysis showed high genetic
diversity in all studied TM populations. Thus, the
number of alleles per locus (Na) ranged from 6 to
13, the observed heterozygosity Ho = 0.69, the ex-
pected heterozygosity He = 0.79, the average PIC
value was 0.758. Interestingly, within the popula-
tions there was a significant deficit of heterozygotes
(the average FIS value = 0.11,), as well as fairly high
inbreeding rates (the average FIT value = 0.12,
bootstrap 95% CI (0.06, 0.18)). Thus, inbreeding has
occurred quite frequently in TM populations, so the
breed needs effective breeding projects based on
genetic research.

In the work of Miao B. et al. the origin of genes
of high-altitude adaptation in TM was studied [12].
Comparative analysis of canine genomes showed that
the differences in haplotypes of the EPAS1 and HBB
loci in high-mountain dogs and dogs from lowland
areas are much greater than in high-mountain dogs
and wolves. Based on the calculation of the recombi-
nation rate, the authors excluded the influence of an-
cestral polymorphisms in the EPAS1 and HBB loci.
Lower sequence divergence compared to the genom-
ic background indicates a relatively recent splitting
of alleles and confirms the introgression hypothesis.
Thus, introgression of the EPAS1 and HBB loci in
mountain dogs helped them adapt to a hypoxic envi-
ronment in a relatively short period of time.

Research is underway to study the genetic poly-
morphism of STR loci to create a gene polymor-
phism database for the Tibetan Mastiff. Using fluo-
rescent multiplex amplification of STR loci, Xiong
X et al. analyzed the polymorphism of 16 STR loci
in 449 TM [13]. As a result, it was shown that all the
studied loci are highly polymorphic. Thus, the
FH2010 locus had 10 alleles, the PEZ21 locus had
12 alleles, and the PEZ05 locus had 13 alleles. The
remaining 13 loci had more than 15 alleles. Thus, the
analysis of polymorphic STR loci provides the
opportunity for individual identification and can be
used to determine paternity in TM. The high degree
of polymorphism of the studied loci provides the
basis for the creation of a TM gene polymorphism
database.
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The mitochondrial genome of Tibetan Mastiffs
has been extensively studied. Since mitochondrial
DNA is not highly conserved and has a fairly high
mutation rate, the mitochondrial genome sequence
can be used to identify and reveal phylogenetic re-
lationships between different groups of organisms,
and in particular, between dog breeds.

Deng LX and He S. revealed the complete se-
quence of the TM mitochondrial genome [14]. The
authors showed that the TM mitochondrial genome
consists of 16,729 bp and has a typical structure: 13
protein-coding genes, 22 transfer RNA genes, 2 ri-
bosomal RNA genes, and a non-coding region. The
non-coding region (D-loop region) has common fea-
tures with the mitochondrial genomes of other mam-
mals, and the largest number of variable sequences
is located in this region.

The complete mitochondrial genome sequence
of TM was also characterized by Guo X. et al. in
another study using lllumina high-throughput se-
guencing technology [15]. The authors showed that
the total length of the circular mitochondrial DNA
included 16,730 bp. Similar to the previous study the
mitogenome structure was characterized as typi- cal
for vertebrates and included the same genomic
components. The authors identified transcription ini-
tiation codons, as well as 3 types of stop codons for
mitochondrial genes. According to the nucleotide
composition, the mitogenome of TM is distributed
as follows: 31.6% A, 25.5% C, 14.2% G and 28.7%
T. Thus, TM mtDNA is significantly enriched in A-
T pairs, which make up 60.3%.

In a study of mtDNA of purebred Chinese Ti-
betan Mastiffs by Li YX et al., the mtDNA control
region (D-loop region), which is non-coding but
regulates the processes of mitochondrial replica-
tion and transcription, was analyzed [16]. The au-
thors found that this region in TM contained blocks
of conserved sequences, a central domain, and se-
quences associated with termination, and the length
of the sequence varied due to a different number of
10-nucleotide repeating units. In the control region
of TM mtDNA, the authors identified 75 polymor-
phic sites that constitute 37 haplotypes; the diversity
of the haplotype was 0.990, and the diversity of nu-
cleotides was 1.201. Based on the sequences of the
control regions, a phylogenetic tree was constructed
in which Chinese TM were divided into three cat-
egories according to the origin and geographical
classification of TM. Phylogenetic analysis of the
hypervariable sequence HVR-I showed a close rela-
tionship between TM and Labrador retrievers.

Cai Z.F. et al. analyzed the mtDNA genomes of
TM using long-range sequencing technology [17].
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Since this technology increases the accuracy of
reads, the authors were able to analyze high-quality
reads from the mitochondrial genomes of 79 TMs.
As a result, it was found that Tibetan Mastiffs liv-
ing outside the Tibetan Plateau have hybridized with
other dogs.

To preserve the population of TM, studies on
their genetic diversity are of great importance. Ren
Z. et al. conducted a comparative analysis of
mtDNA of individuals from Gansu Province and the
Tibetan region [18]. As a result of sequencing the
hypervariable region | of mtDNA, the authors
identified twelve polymorphic sites and eight haplo-
types. Haplotypes H4 and H8 were found only in the
Tibetan population. In Gansu Province, the genetic
diversity of the TM population was higher than in
the Tibetan region. Genetic variability in the gen-
eral population was low, which indicates the need
for measures to protect the TM gene pool. Based on
the results of sequencing the hypervariable region |
of mtDNA, the authors constructed a phylogenetic
tree and found that TM originated from gray wolves
and had different maternal lines.

The work of Zhang S. and co-authors is devoted
to the study of biological characteristics of mesen-
chymal stem cells of TM bone marrow [19]. As is
known, pluripotent stem cells can differentiate into
various cell types and have great potential for use in
therapy and restoration of tissues and organs. The
authors cultured TM bone marrow stem cells for 23
passages and then analyzed their karyotype. As a
result, it was shown that the mesenchymal stem cells
were diploid, genetically stable and had the po-
tential to differentiate into adipocytes, hepatocytes,
osteoblasts, cartilage cells and insulin-secreting
cells. Using semi-quantitative PCR and ELISA, it
was shown that TM stem cells express cluster of
differentiation (CD) 73, CD90, CD105, CD166 and
vimentin. It was revealed that these cells can self-re-
new, but their proliferation rate decreases with age.
The study showed the potential of TM stem cells for
therapy and regeneration processes.

There are far fewer published studies on other
mastiff varieties, even for common breeds such as
the English Mastiff and Bullmastiff. The available
studies focus primarily on health issues related to
longevity and mortality. Health issues may be the
result of complex interactions between many genes,
or may be due to limited genetic variation within
a breed, which favors the inheritance of defective
genes.

A study by Bell L et al. reported morbidity and
mortality data for mastiffs based on a survey of dog
owners [20]. According to the survey results, the av-
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erage age at death was 8 years, with the average age
at death in Europe being 7.72 years and in North
America 8.17 years. The most common causes of
death for all dogs were cancer (47%), old age (16%),
heart problems (8%), and stomach problems (7%).
The average age at death from cancer in dogs was
7.85 years, with 23 types of cancer identified, the
most common being osteosarcoma, especially in
neutered animals.

Familial cerebellar ataxia with hydrocephalus in
Bullmastiffs has been previously described as a
monogenic autosomal recessive trait [21]. Christen
M. et al. examined two bullmastiffs with disease-
onset traits at a young age [22]. They sequenced the
affected bullmastiff’s genome and compared it with
genomes from different dog breeds, as well as with
archival samples from two other affected bullmas-
tiffs. They found that the affected dogs had a patho-
genic homozygous frameshift variant in the MFF
gene that shortens the wild-type open reading frame
and is the most likely cause of the disease. Because
the phenotype of this disease in bullmastiffs is simi-
lar to that in humans, the authors propose renaming
it “mitochondrial fission encephalopathy (MFE)”.

Lymphoma is a fairly common disease among
bullmastiffs. Lymphoma is a disease with a heredi-
tary predisposition. The study by Mortlock S.A. et
al. was devoted to identifying risk loci predispos-
ing to the disease in this breed [23]. Based on a ge-
nome-wide association analysis (GWAS) of 49 sick
mastiffs and 281 control cases, the authors identi-
fied genomic regions associated with the risk of
lymphoma, localized to CFA13 and CFA33. SNPs
with both genome-wide and chromosomal signifi-
cance were identified in these regions. The authors
identified potential candidate genes associated with
lymphoma, including the MY C proto-oncogene, the
bHLH (MYC) transcription factor, the Pvtl IncRNA
oncogene (PVTL), and a region syntenic with hu-
man and mouse INCRNA Pvtl. The authors suggest
that the increased risk of developing lymphoma may
also be due to a predisposing genetic background.

Among other tumors in mastiff-like dogs, cases
of sarcoma have been described, the incidence rate
is also quite high [24-25]. Genetic factors are also
involved in the development of this disease, since
familial cases of the disease have been described.
Based on the expression of the CD28, abca5, CCDC3
and SMOC2 genes, three molecular subgroups of
lymphoma were identified and demonstrated the
possibility of predicting the development of the dis-
ease and a correlation with survival. Prognostic fac-
tors also include the expression of the p53 and p16
genes, as well as the expression of the VH1-44 gene,

encoding the variable region of the immunoglobulin
heavy chain [26-28].

There are a number of works in the literature
devoted to the study of hereditary ophthalmologi-
cal diseases. This is a rather heterogeneous group of
eye diseases described in various dog breeds. Ki- jas
JW. and co-authors studied the inheritance of
progressive retinal atrophy (PRA) in the English
Mastiff [29-30]. The disease has a dominant type of
inheritance. Analysis of candidate genes allowed to
characterize two synonymous and one non-syn-
onymous mutation in the canine rhodopsin gene.
The authors found that the non-synonymous muta-
tion (T4R) causes progressive retinal atrophy in the
English Mastiff. At the same time, this mutation was
not detected among dogs suffering from PRA and
belonging to other studied breeds. Thus, testing of
bullmastiffs for the presence of T4R revealed that
one of them was heterozygous for this mutation, and
the second was homozygous for the wild type. This
fact allowed the researchers to conclude that the T4R
mutation is specific to the English Mastiff breed.
The authors described the disease phenotype in the
English Mastiff as similar to the phenotype of people
with mutations in the rhodopsin gene. Thus,
studying this disease on a canine model will allow
us to better understand the mechanisms of disease
development and open up new prospects for the de-
velopment of therapeutic methods.

Caduff M. et al. studied the mechanisms of ocu-
locutaneous albinism development in bullmastiffs
[31]. It is known that this disease in humans and
many animal species is caused by variants of the
SLC45A2 gene. Caduff M et al. analyzed the ge-
nome sequence of a highly inbred bullmastiff with
oculocutaneous albinism. As a result of the genomic
data analysis, the authors were able to identify a sin-
gle nucleotide deletion in exon 6 of the SLC45A2
gene (NM_001037947.1:¢c.1287delC), previously
not registered in known databases. According to the
predictors, this deletion will lead to an early prema-
ture stop codon. The authors validated the obtained
result using the Sanger sequencing method, the re-
sults of which coincided with the phenotypes of the
family members of the affected bullmastiff. Geno-
typing results from 174 unrelated dogs of different
breeds showed that they were homozygous for the
wild type. This allowed the authors to conclude that
SLC45A2:¢c.1287delC is the cause of oculocutane-
ous albinism in the affected bullmastiff.

Overall, it should be noted that studies of inher-
ited ophthalmologic diseases in dogs are important
for the search for candidate genes responsible for the
development of the disease, as well as for the
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development of animal models that mimic human
diseases.

Among other inherited diseases, familial juve-
nile glomerulonephropathy has been described in
French Mastiffs [32]. In addition to analyzing clini-
cal and histological data, the authors also studied
the pedigrees of the affected mastiffs. It was found
that individuals of both sexes were affected by glo-
merulopathy with the same frequency, therefore, the

genes associated with the development of the dis-
ease are not linked to the X chromosome, but are
inherited autosomal. Analysis of the inheritance of
glomerulonephropathy in a number of generations
allowed the authors to assume an autosomal reces-
sive type of inheritance, although more complex
variants cannot be ruled out, for example, autosomal
dominant with incomplete penetrance or polygenic.

Since mastiffs are large dogs, they are suscepti-
ble to various joint diseases. Cases of elbow and hip
dysplasia have been reported in various dog breeds
[33-35]. These diseases often occur together with
osteoarthritis. Ginja M. et al. searched for candidate
SNPs to identify associations with various joint dis-
eases and assess genetic risk, but did not identify
significant polymorphisms [35]. Presumably, this is
due to the complex multifactorial nature of the dis-
eases under study, which may include polygenic in-
heritance and significant influence of environmental
factors. Research to identify the molecular genetic
basis of joint dysplasia continues, but progress in
this direction is slow.

A number of studies have been devoted to the
investigation of the genetic diversity of different dog
breeds. Thus, in the study by Mortlock S.A. et al.,
the genomic diversity of Bullmastiffs was stud- ied
using genealogical and molecular analysis. [36]. The
genealogical analysis took into account the data on
the pedigrees of Bullmastiffs for more than 30 years.
The inbreeding coefficient based on the ge-
nealogical analysis averaged 0.044, the number of
common founders (142) was greater than the effec-
tive number of founders (79). The assessment of ge-
netic diversity and population structure was based
on the analysis of genome-wide genotyping data of
170,000 single nucleotide polymorphisms in 185
Bullmastiffs. Main indicators were calculated on the
basis of the molecular analysis of SNPs. The aver-
age inbreeding coefficient was 0.033, multilocus
heterozygosity (MLH) — 0.206, the effective popu-
lation size (Ne) — 29.1. In general, it can be noted
that the molecular and genealogical estimates of the
inbreeding coefficients for genotyped dogs show a
positive correlation. Given the relatively small ef-
fective population size, reducing the level of in-
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breeding may be beneficial to the overall welfare of
the breed. To determine the phylogenetic relation-
ships of the Bullmastiff, the authors constructed a
neighbor joining tree, which showed a close rela-
tionship with the English Bulldog, one of the ances-
tors of the Bullmastiff breed.

In another study by the same authors [37], ge-
netic variants specific to the Bullmastiff breed were
identified using high-density signal intensity data
and whole genome sequencing. The genome-wide
analysis identified approximately 3000 copy num-
ber variants (CNVSs) in Bullmastiffs. After sequence
alignment, 82 CNV regions were identified, of
which 50 regions had not been previously identi-
fied in other dog breeds and are potentially breed-
specific. Finding specific genetic markers may be
important for future studies of breed-specific char-
acteristics or diseases.

In recent years, the number of studies devoted to
the phylogenetic relationships and the evolution of
various dog breeds has increased.

In the study by Cai C et al., a comparative analy-
sis of the genomes of Tibetan Mastiff, Mongolian
Mastiff and Canis Lupus was carried out [8]. The au-
thors performed de novo sequencing of the Tibetan
and Mongolian mastiffs and Canis Lupus genomes
and conducted a comparative analysis of repetitive
sequences in their genomes. Based on the genomic
sequence data, the authors constructed a maximum
likelihood phylogenetic tree and determined the
taxonomic status of the studied dog breeds. As a re-
sult, a close relationship was revealed between the
Tibetan and Mongolian mastiffs, which turned out
to be very close in phylogenetic terms. In addition,
TM and Mongolian mastiff formed a common clade
with Canis Lupus, despite the diversity of their habi-
tats. This suggests that the Tibetan and Mongolian
mastiffs originated from Canis Lupus.

Similar results were obtained when analyzing
the results of mtDNA sequencing of TM. The work
of Li Q. et al., based on the analysis of mitochondrial
DNA sequences, is devoted to the study of the origin
of Tibetan mastiffs [38]. The authors determined the
complete mitochondrial genome (MtDNA) sequence
of the Tibetan mastiff and analyzed the phylogenetic
relationships between the Tibetan mastiff and other
Canidae species using the coyote (Canis latrans) and
The gray wolves (Canis lupus) as the outgroups. As a
result, the authors showed that TM and other dog
breeds are grouped together with the gray wolf,
while coyotes are grouped separately. This proves
the origin of TM and other dog breeds from the gray
wolf. At the same time, TM is grouped with large
dog breeds, while smaller ones are grouped sepa-
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rately. Therefore, the origin of large breeds such as
the Old English Sheepdog, Leonberger, and Saint
Bernard from TM seems quite likely. The authors
also showed that the approximate time of TM di-
vergence from the gray wolf turned out to be 16,000
years earlier than in other breeds.

Similar data on the origin of the Tibetan Mastiff
were obtained using DNA barcoding, which is also
an effective method for species identification and
analysis of phylogeny and evolutionary relation-
ships [39]. For the first time, the authors applied the
method of DNA encoding of the cytochrome oxidase
C gene subunit I in various representatives of the ca-
nine family. The authors constructed a phylogenetic
tree and identified 4 different maternal lineages in
dogs (A-D). They revealed, that TM is of East Asian
origin, as it belongs to the A line, and is probably the
ancestor of a number of large dog breeds.

The study by Australian scientists Hsu WT,
Williamson P, Khatkar M is devoted to the analy- sis
of genomic differences and similarities between
groups of individuals of many breeds. [40]. The au-
thors combined the available genetic resources of
their own laboratory biobank with publicly avail-
able data on the genotypes and phylogenetic struc-
ture of 23 breed clades to detect genomic regions
specific to bullmastiffs. In total, more than 8,000
dogs belonging to 250 breeds were examined. As a
result, significant genomic regions specific to bull-
mastiffs were identified on 15 chromosomes and the
similarity of bullmastiffs with the ancestors of the
breed: mastiffs and bulldogs was shown. The most
specific regions were found on chromosomes CFAL,
CFA9 and CFA18. Significant regions were
identified on 15 chromosomes, with the most dif-
ferentiated regions found on CFA1, CFA9 and
CFA18. The study contributes to the understanding
of the processes of genetic drift in the formation
of a breed, as well as the relationship of genetic
determinants with its characteristic features and
morphological traits.

The population structure of Chinese dog breeds
was studied in the work of Yang Qiu et al. [41]. To
analyze genetic diversity and determine family re-
lationships, the authors genotyped 157 unrelated
dogs belonging to 15 different Chinese breeds. For
comparison with some Western breeds (Rottweiler,
Papillon) and the Asian wolf, data from open sourc-
es (LUPA database) were used. As a result, it was
found that the indigenous breeds of Chinese dogs
had a lower LD index, as well as a lower level of het-
erozygosity. When constructing a phylogenetic tree,
a clear division of Chinese and Western dog breeds
into two clades was found. The authors included Ka-

zakh Shepherd Dogs and Mongolian Si Dogs among
the indigenous Chinese breeds. Evidence of intro-
gression of Western dogs into the genomes of Chi-
nese and Kazakh Shepherd Dogs and Mongolian Si
Dogs was obtained. It is noteworthy that the largest
number of polymorphic SNPs were found in Kazakh
Shepherd Dogs. The authors identified candidate
genes that may be responsible for certain phenotypic
traits of Chinese indigenous dog breeds. All the dog
breeds studied that inhabit the Qinghai-Tibet Pla-
teau, including the TM, were grouped together and
showed signs of genetic adaptation to high altitude.
At the same time, breeds belonging to the moun- tain
hound group had the genes KRT9, CAMTA1, NOL8
and RORB, which are supposedly candidate genes
that affect running speed. The authors also
calculated the genetic distances between the breeds,
which turned out to be greater between Chinese
breeds than between Western breeds. This suggests
greater differences between Chinese breeds, which
is likely due to earlier domestication and less strict
breeding programs for Chinese dogs. Based on the
results of the phylogenetic analysis, the authors sug-
gested that Western breeds such as the Papillon,
Eurasier and Greenland Sled Dog may have Chinese
origins, since these dogs were grouped with Chinese
populations.

Genetic studies of the Kazakh Tobet breed of
dogs were initiated by Perfilieva A. et al. To date,
studies of the genetic structure of the Tobet popula-
tion from southern Kazakhstan have been conducted
using minisatellite markers. Based on the analysis of
allele frequencies of 19 microsatellite loci rec-
ommended by the International Society of Animal
Genetics for dogs, the authors determined the main
indicators of genetic variability in the studied sam-
ple [42]. The obtained data were analyzed in a com-
parative aspect with other dog breeds. The authors
revealed a high level of heterozygosity and poly-
morphism in the studied population. The percentage
of polymorphic loci was 100%, with 5-10 alleles per
locus. The Hardy-Weinberg equilibrium assess-
ment showed a deviation for two loci AHT137 and
AHTh260. The average number of alleles and the
average effective number of alleles in Tobets were
higher than in other molossoid dog breeds. The lev-
el of PIC polymorphism exceeded 60% for all loci.
The high level of genetic diversity and the overall
low level of inbreeding, quantitatively assessed us-
ing microsatellite loci, were comparable with similar
indicators characteristic of mongrel dogs. Accord-
ing to the authors, the high observed heterozygosity
indicates the presence of crosshreeding processes in
the studied sample [42].
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These data were confirmed by the authors on a
larger sample, including dogs from different regions
of Kazakhstan and Mongolia [43]. In addition to the
microsatellite analysis data, this work analyzed the
results of whole-genome sequencing of two Tobet
dogs. The authors confirmed the high level of het-
erozygosity and polymorphism characteristic of the
Tobet breed. The analysis of genomic data showed
a complex genetic structure of Tobets, characterized
by seven different clusters found in all studied popu-
lations from three regions of Kazakhstan and Mon-
golia. Based on the genomic data of 45 dogs from 25
breeds, including two Tobets, the authors construct-
ed a phylogenetic tree that showed a genetic rela-

tionship between the Kazakh Tobets, Central Asian
Shepherd Dog, and Turkish Akbash. The presence
of the A18 haplotype in Kazakh Tobets confirms the
hypothesis of the ancient origin of the breed, which
was previously suggested based on archaeological
finds and written sources.

To summarize, it can be noted that the Tibetan
Mastiff is the most studied genetically among mas-
tiff-like dog breeds. It is followed by the Bullmas-
tiff, English Mastiff, Kazakh Tobets, Neapolitan
Mastiff, and French Mastiff, with a fairly large gap
(Figure 2). For many other mastiff-like breeds, there
is no information on genetic studies in the scientific
literature.

m Tibetan Mastiff

Kazakh Tobets

Bullmastiff

English Mastiff

m Neapolitan Mastiff ® French Mastiff

Figure 2 — Number of genetic studies for different mastiff-type dog breeds

The largest number of studies are devoted to the
study of diseases among different dog breeds, since
hereditary pathology can play an important role in
selection work to improve breed characteristics. Re-
searchers are also interested in the origin and phylo-
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genetic relationships with other breeds, since these
aspects help to better understand the processes of
ancient migrations. Many works are devoted to the
study of genetic diversity and population structure,
as well as adaptation resources (Figure 3).
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2%

m1

m3
m4

5

1 —diseases; 2 — phylogenetic relationships; 3 — genetic diversity and population structure;
4 — adaptive capabilities; 5 — stem cell research.

Figure 3 — Share of research on different topics.

Conclusion

Thus, genetic studies of dogs allow us to iden-
tify genetic markers specific to a particular breed,
characterize the population structure, assess genetic
diversity and trace phylogenetic relationships be-
tween different breeds, and assess the contribution
of genetic variants to the development of diseases.
In most cases, known dog breeds have limited ge-
netic diversity, which is a consequence of a small
founder population, selection for exterior appear-
ance, and minimal geographic locations for breed-
ing. In addition, inbreeding used in dog breeding to
preserve breed characteristics increases the genetic
load of the population, contributing to the accumu-
lation of mutations and the spread of hereditary dis-
eases. Genetic studies contribute to an increase in
knowledge about mastiff diseases and determine fu-
ture prospects for the treatment of pets. The results
of genetic studies can also be used to improve the
welfare of the breed. Assessing the genetic diversity
and identifying phylogenetic relationships of dog
breeds can significantly complement and improve
breeding and restoration programs.

In conclusion, it should be noted that the aborig-
inal dog breeds in Kazakhstan, which are a unique

historical heritage, have not yet been studied at the
molecular genetic level. Meanwhile, knowledge of
the genetic structure and identification of genetic
markers of a particular breed are important for the
preservation and improvement of the breed, as well
as for the conservation of the biodiversity of the
region. The results of genetic studies can be used in
drawing up programs for the preservation and
breeding of dog breeds adapted to local conditions
and the characteristics of human economic activity.
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