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ABSTRACT 
 

The relevance of the subject under study is conditioned upon changes in the exchange of melanin in skin cells, which 
result in unevenly coloured sheep hair. The purpose of this study investigated the nature of depigmentation inheritance 
of the hair of black Karakul sheep in ontogenesis. The objective method was the main method used in the study. The 
results of the study showed that the climate was one of the factors for preserving the colour of the desired shade of an 
adult. Bonitation of young animals according to the pronounced pigmentation of krimmer lamb takes place when the 
young animals reach the age of one and a half years. During this period pigmentation gradually decreases, and the 
wool becomes completely white. The originality of this study lies in the analysis of the cellular mechanism of 
regulation of melanogenesis in sheep. The materials of this paper are of practical value for breeders in controlling a 
biological phenomenon that affects the quality of the Karakul sheep breed. 
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INTRODUCTION 
 

The origin of Karakul sheep goes back to ancient 
times. This breed was created by the peoples of Central 
Asia through skilful selection of animals in desert and 
semi-desert zones. Kasimova (2018) considers the 
Karakul breed to be the oldest, the breeding of which has 
taken millennia. Kasimova (2018) supposes a sheep was 
sought which would yield a beautiful krimmer lamb at 
an early age. Centuries have passed, resulting in a 
beautiful Karakul breed. The power of heredity allowed 
this species to preserve its ancient origin when crossed 
with other breeds (Shatskiy and Kravtsevich 2016). The 
wide variety of materials produced from the wool of 
Karakul sheep brings industrial production to a 
prominent level of competitiveness both on the external 
and internal market. The product must meet the 
requirements of the modern times. However, krimmer 
lambs (skins of new-born lambs) of all colours – from 
light grey to milk, steel, blue, pearl, and even black is 
the main feature that distinguishes this breed. The type 
and quality of a krimmer depend on the age of a foetus 
(Fazilov and Gaziev 2016). Especially when the demand 

for fur-type ribbed fleshers of original colours with a 
silky and shiny cover is increasing (Kasimova 2018). It 
is argued that the phenotype of adult sheep often does 
not allow identifying the colour they had at birth, since 
there are changes in the pigmentation of a lamb’s coat 
depending on the intense, normal, and bleak black colour 
of the young animal (Emirzakh et al. 2016). The wool 
cover of young animals differs from adults in roughness. 
In the latter, it is rougher. 40% of the livestock are black, 
75% of adults are grey, and 95% have a white or pink 
colour after the age of five. Soft Sur krimmer is found in 
10% of Karakul lambs, so breeders are actively trying to 
increase this value and find the factor affecting the 
colour of adult animals (Kulikova 2017a). 

Zootechnicians face a responsible task of preserving 
the existing gene pool, lines of breed types of farm 
animals, stabilising the livestock population with further 
improvement of quality. Recently, modern science has 
investigated various genetic aspects of the determinism of 
wool depigmentation in sheep. Thus, scientists have 
covered the problem of studying the age-related black 
colour of Karakul sheep (Galieva 2016; Aliev 2016; 
Aripov 2018; Abuov 2019; Lakhanova et al. 2022). 
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Such an increased interest was caused by wool 
productivity. The selection affected the transformation of 
the hair cover at the genetic level and resulted in new 
properties of hair follicles. Thus, when sheep reach the 
age of 8–9 months, the pigmentation process is suspended 
in 96% of the hair follicles of sheep wool. Foreign 
geneticists, such as Ciani (2015), Tuncer (2018) and 
Jackson (2020), believed that an essential regulatory 
mechanism controlling the effectiveness of melanocytes 
in the cells of hair follicles is a change in the ability of the 
cell to support an internal stable chemical environment 
(the concentration of certain hormones). Thus, it is 
necessary to find out how to select a genetically pure 
breed according to the krimmer properties in the first 
generation using the method of observations at the stage 
of maturation of black Karakul sheep. 
 

MATERIALS AND METHODS 
 
Ethical Approval 

All procedures performed in this study followed the 
ethical standards of the institutional and national research 
committee and the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. A study 
was approved by National Ethics Commission of the 
Ministry of Healthcare of the Republic of Kazakhstan, 
No 1653-A.  
 
First Stage of the Study 

During the study, the following methods were used: 
theoretical methods (analysis; synthesis; concretisation; 
generalisation; method of analogies; modelling); empirical 
(study of the experience of geneticists, breeders, 
zootechnicians, their educational and methodological 
documentation); organisational method (comparative and 
objective). The experimental part of this study was 
performed at Zhaskairat (Limited Liability Partnership) 
LLP in the Atyrau region of the Republic of Kazakhstan. 
Black krimmer Karakul sheep constituted the object of 
this study. The investigation was performed in three 
stages. The first stage dealt with a theoretical analysis of 
modern methodological approaches of biological, genetic, 
agricultural scientific literature, as well as the theory and 
methodology of dissertation theses of biologists from 
Western and Central Asia, Russia, America, and 
Australia. The biochemical characteristics of wool 
depigmentation were investigated in lambs of the black 
Karakul breed of various colour intensities. For a 
comprehensive picture of the genotype and the phenotype, 
the characteristics of a wide range of age-dependent 
colours were investigated. The problem, purpose, and 
methods of research are highlighted, a plan was drafted. 
 
Second Stage of the Study 

At the second stage, a model was developed for a 
monitoring study of factors controlling depigmentation 
that dictate the high wool productivity of the Karakul 
breed. The complex of conditions was found and justified 
for effective bonitation of young animals according to the 
pronounced krimmer pigmentation. Experimental and 
comparative work was performed, the conclusions 

obtained during the study on the conditions of climate, 
diet, and genetic prerequisites for wool depigmentation 
Karakul sheep were analysed, verified, and clarified. To 
investigate the features of the biological phenomenon, 
namely the colour of Karakul sheep, it was necessary to 
consider all the factors affecting the krimmer.  
 
Third Stage of the Study 

The third point of this study, having objectively 
analysed the theoretical and practical conclusions, 
compared the experimental data of other scientists, 
summarised and systematised the main parameters that are 
most related to the specific content of pigment in hair. At 
the initial stage of creating new breeds, breed groups, 
lines, these parameters will help diversify the source 
material, since the more diverse the breeding groups, the 
more opportunities there are for selection of a pair 
according to the criteria for the effectiveness of 
pigmentogenesis. There is a need to optimise breeding 
production in connection with the increasing variety of 
characteristics by which the young animals are selected. 
The colour of the mucous membrane of the mouth, lips, 
eyes, nose, and hooves is also considered. In this paper, it 
was suggested that an in-depth study of the rate and nature 
of hair growth, the ability of melanin granules to 
synthesise would help understand the variants of hair 
pigmentation changes in animal ontogenesis. At this stage, 
the authors of this study showed experimental studies of 
colour inheritance conducted by many Kazakh and foreign 
scientists. The role of the migration properties of melanin 
granules stays underestimated, along with the influence of 
cellular factors, the properties of hair follicles, and genetic 
and selection parameters used for melanogenesis. 
 

RESULTS 
 

At the first stage, upon performing a theoretical 
analysis of the scientific literature, it was found out that 
the area of sheep breeding was in poor conditions for 
grazing. On the territory of Central Asia, several breeds 
were cross-bred: fat-tailed and Arab thin-tailed sheep. At 
that time, meat and milk were of particular importance for 
the sustenance of the tribe. However, krimmer is the main 
thing that distinguishes this breed. Through the efforts of 
sheep breeders in the western and southern parts of 
Central Asia, three main types of karakuls can be 
conditionally distinguished: Uzbek (weakly expressed 
colour), Afghan (intense colour), and African (normal 
colour) (Aripov 2020) (Fig. 1). 

Arid territories provide favourable conditions for 
breeding Karakul sheep. Juicy pastures and regular 
rainfall lead to the reduction of livestock: they become 
small, lose the quality of the skin, which leads to 
degeneration of specimen (Fazilov and Gaziev 2016). 
Zootechnicians abuse the serum of foaled mares to 
increase the fertility of Karakul queens (hormonal 
method). This leads to the fact that the livestock becomes 
reduced in size. It is better to keep sheep of this breed in a 
dry climate (Maksimov 2018). This study found this to be 
one of the essential factors of depigmentation of black 
Karakul sheep (Galieva et al. 2016).  
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Fig. 1: Main types of Karakul sheep. 
 
Table 1: Control conclusion of the research stages 

Stages 
First stage Second stage Third stage 
A theoretical 
analysis was carried 
out of modern 
methodological 
approaches of the 
scientific literature. 

A model was 
developed for a 
monitoring study 
of factors 
controlling 
depigmentation. 

At this stage, 
experimental 
studies of colour 
inheritance were 
demonstrated. 

 
The second stage concerned the analysis of the 

research literature, and the authors of this paper noted a 
historical fact that confirmed the interest of sheep 
breeders in the genetic factor of the biological 
phenomenon under study. Thus, aiming to find the degree 
of readiness of maturing broadtail skins in the womb, the 
specialist looked for the hooves of the foetus and felt them 
for hardness. With a probability of 93%, this method 
allowed assuming that the properties of krimmer would 
correspond to the Karakul breed (Maksimov et al. 2018). 
To analyse the issue under study, the authors of this paper 
interpreted the results obtained during the dissertation 
research of Kasimova (2018), who used correlation 
analysis to qualitatively assess the nature and degree of 
the relationship between the parameters under study and 
the identification of signs most closely related to changes 
in the wool cover of sheep from birth to the age of five. 

In her dissertation research, Kasimova (2018) 
conducted a full-scale experiment on Karakul sheep, 
which differ in the quality of their wool cover (Fig. 2). 

It was found how the inhibition of various stages of 
the cell cycle affected the synthesis of the melanin 
pigment. In the cytoplasm of these cells, there is a block 
protein that prevents replication in partner cells. In 
terminal differentiation, intracellular mechanisms prevent 
the division of melanin pigment cells. In mitotic division, 
transportation by melanosomes of pigment cells proceeds 
as follows: originating from the papilla zone, the follicle 
is included in the emerging hair; melanoblasts migrate to 
the hair follicles until the final product localised in the 
hair forms – melanin granules. The correlation of a new 
complex of biochemical characteristics of pigment spots 
in hair follicles and the content of melanin in the hair 
defines the unique structure of the coat. The intracellular 
mechanism of pigmentation is complicated by many genes 
and requires a lot of time. Each stage of the cellular 
pathway is inhibited by internal and external agents that 
control the effectiveness of the melanogenesis. 

 

 
 
Fig. 2: Depigmentation of the wool. 
 

At the third stage, the authors of this study found that 
depigmentation did not manifest itself in all parts of the 
body in specimen with intensely pronounced pigmentation 
considering the biochemical parameters of blood serum in 
combination with the accepted zootechnical methods of 
selection and breeding (Table 1). 
 

DISCUSSION 
 

The data indicate the severity of wool depigmentation 
in adult sheep, depending on what colour they were at 
birth (Table 2). The lighter the coat, the earlier the wool 
depigmentation begins in lambs. The percentage of 
weakly coloured lambs of the Karakul breed in adulthood 
is higher (100%). In postnatal ontogenesis, during the first 
weeks or months of life, a process is observed in the hair 
follicles that suppresses the activity of tyrosinase. Cellular 
compounds bind copper, which inhibits the course of 
melanogenesis. This is conditioned upon an increase in 
the concentration of pigment cells in the blood and tissues 
due to an increase in the growth rate of down and 
transition fibres. 

In lambs with normal colour intensity, the process of 
cell melanogenesis intensifies in certain parts of the body 
(see Table 2). This happens because replication is blocked 
by a protein in partner cells and mechanisms occur in 
these areas that prevent division during their terminal 
differentiation: in 100% of cases on the sides. An intense 
pigmentation of Karakul sheep persists until the age of 5.
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Table 2: Age-dependent localisation of wool depigmentation in Karakul sheep 

Colour intensity 
Age 

New-born 1.5 years 2 years 3 years 4 years 5 years 
Intensive Not detected Not detected Not detected Not detected Belly Not detected 
Standard Back Back, sides Belly Belly Belly Sides 
Weakly expressed Back, sides Back, sides, belly Belly, back and sides back back Belly, sides, back 

 
It is assumed that this happens due to the increased 
genotype colour concentration. Only at the age of 4, there 
is a partial depigmentation on the abdomen. The authors 
of this paper believe that this study clearly demonstrates 
how a phenetic marker can be used in the selection of 
black-coloured Karakul sheep (Shatskiy and Kravtsevich 
2016). 

The task for Karakul breeders was to create a solid 
breeding base of Karakul sheep, well-adapted to the 
difficult natural and climatic conditions of the karakul 
breeding zones. As a result of many years of purposeful 
joint work of scientists and specialists in breeding farms, 
new highly productive factory herds of black and grey 
sheep with consolidated heredity were created, which 
contribute to increasing the productivity of commodity 
herds. The main reason for their breeding is to obtain 
high-quality skins from new-born lambs. Animals of the 
new breed have a high commercial quality of karakul, a 
tail shape inherent in fat-tailed sheep, and precocity. It is 
the only breed that combines krimmer productivity – 
Karakul curls, original colours, high precocity (Kasimova 
2018). Modern karakul breeding consists of the following 
stages: a detailed study of wool properties, control over 
krimmer qualities, compliance, and further improvement 
of its properties. Improving the quality of wool and 
increasing the wool productivity of the Karakul breed of 
sheep is possible only under such conditions. 

To increase the number of Karakul sheep, it is 
necessary to create an annual insurance stock of coarse 
feed at the rate of 1.5–2.0 c., 0.3–0.5 c. of concentrates 
per structural head. To improve veterinary services aimed 
at recovering animals from infectious diseases such as 
tuberculosis and brucellosis. It is necessary to take 
measures to preserve the gene pool of Karakul sheep of 
assorted colours. In the future, it is necessary to develop 
typical or model farms to breed animals and optimise the 
size of commodity farms of various forms of ownership, 
considering the zonal characteristics of the regions 
(Kulikova 2017b). 

The feed base of karakul breeding will be improved 
due to the natural seeding of grasses on degraded pastures. 
Of the desert and semi-desert pastures, only 25–30% are 
grazed by sheep, the rest of the land is not developed by 
farmers (Aripov et al. 2018). Recommendations have been 
developed to create best opportunities for feeding and 
keeping livestock in the spring, autumn, and winter 
periods, to raise young animals and fatten sheep. Growing 
individuals with new genotypes imposes an excessively 
big responsibility on breeders, who should be able to 
predict the results. Some papers that were investigated for 
this study suggested that a new population of melanocytes 
is created in the newly formed follicle after the end of hair 
growth and degradation of the hair follicle due to the 
migration of melanocytes of the outer root sheath (Bilyk 
et al. 2017; Turganbaev 2018; Jackson and Moore 2020). 
Pigmentogenesis has a slow cycle due to the acceleration 

of hair growth. Obtaining a coloured karakul is the most 
complex and long breeding process bringing about the 
result only after several generations of animals. To the 
credit of scientists-karakul breeders, industrial production 
methods of coloured karakul, the most valuable in 
aesthetic and commodity relations, have already been 
developed, which can be coloured without compromising 
their qualities. The study of wool depigmentation 
mechanisms of Karakul sheep at the molecular and 
cellular level accelerates breeding of black Karakul sheep, 
approaching the process of evaluating rams by the quality 
of wool. Thus, zootechnicians must take a responsible 
decision in choosing individuals to increase the number of 
livestock (Stubsjøen et al. 2022). The current study allows 
taking a fresh look at the bonitation of young animals and 
breeding adults by appearance, to preserve all the positive 
qualities of the breed upon crossing. Therewith, this 
method does not require added investments and 
laboratories on farmlands. Traditionally used today upon 
breeding, the classification of colours is based on an 
organoleptic assessment (bonitation) (Dias et al. 2022). 
The visual approach to assessing pigmentation of 
individuals is subjective. When evaluating, this gives a 
beneficial effect; especially upon an assessment of 
pigmentation in animals of solid black and white colour. 

Lakhanova (2016) used a homogeneous selection of 
Karakul sheep according to the shade: black (intense), 
brown (normal intensity); grey (weakly expressed colour). 
Lakhanova (2016) concluded that this approach did not 
ensure the maximum yield of lambs of the desired 
selected type. Studies have shown that 59.6% of offspring 
from crossed individuals with intense colour retained their 
colour; 50% – of normal intensity and 45.3% – of the 
weakly expressed colour intensity. Studies of geneticists 
have their confirmation on the concentration of the gene 
in the blood of black Karakul sheep. Thanks to the 
dissertation research of Orenburg scientist Kasimova 
(2018), the protein nature of factors suppressing 
melanogenesis was established. Kasimova (2018) also 
found that these proteins were localised in the cell 
cytoplasm and the structure and growth rate of wool had 
an inhibitory effect on melanogenesis. The mitotic activity 
of melanocytes of certain genotypes is localised in the 
papilla of the hair follicle. Next, the melanin granules are 
transported to the hair. A considerable part of the pigment 
is brought by melanocytes migrating from the papilla zone  

The genetic determinism of melanocytes lies in the 
formation of melanin granules. In turn, the volume of hair 
bulbs and the free space in hair follicles influence this. It 
is assumed that melanin granules are formed only in large 
follicles with well-developed papillae and a blood supply 
system in them. The diversity of lambs by genotype 
results from the activity of pigment cells. In intense black 
lambs, melanin granules occupy 100% of the total volume 
of the hair. With weakly expressed pigmentogenesis, the 
hair of Karakul lambs contains less than 25% of 
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melanosomes. Melanosomes are filled with melanocytes 
under the genetic control of mechanical factors (He et al. 
2022). According to the research results, it was found that 
the functional state of melanoblasts in Karakul sheep 
could vary greatly from almost complete “inactivity”, 
when it was impossible to find tyrosinase activity, to a 
highly active state. What determines whether we get an 
adult sheep with an intense colour or a weakly expressed 
one. 

Breeding studies has a favourable effect on the 
quality of wool to increase the live weight of Karakul 
sheep. Sheep of this breed have a high, genetically 
determined potential. For intensive production of 
industrial technology for wool productivity. This breed is 
correlated by such characteristics as colour and quality of 
wool. This relationship can be used as an effective test for 
early prediction of the possibility of obtaining black 
monophonic wool (Turganbaev 2018). Depigmentation is 
impossible when the wool of a sheep has a rough texture. 
Then the process of inhibition of melanogenesis will be 
less intense. These data correspond to the data of other 
authors on the presence of depigmentation in crossbreeds, 
other breeds of sheep (Tuncer et al. 2018). 

The potential of inheritance of the biochemical and 
genetic determinism of the mitotic activity of 
melanocytes, and the intensity of the inclusion of pigment 
cells in the forming hair can be used to improve the wool 
quality. This unused reserve is determined by the 
genotype of Karakul sheep. It can affect the 
pigmentogenesis of low-productive sheep breeds of 
weakly expressed intensity. As a result of the theoretical 
analysis of studies conducted by sheep breeders, the 
parameters that carry out pigmentogenesis were 
underestimated: the properties of migration of melanin 
granules, the influence of cellular factors, the properties of 
hair follicles, and genetic selection factors. The obtained 
data are confirmed by the opinion of some authors 
(Emirzakh et al. 2016) that the interaction of cell factors 
of melanocytes with keratinocytes producing the hair 
protein keratin causes the penetration of melanin granules 
into hair cells. Analysing the ability to synthesise the 
secretions of melanin granules, it is possible to explain 
various changes in the pigmentation of animal hair in 
ontogenesis.  

The research laboratory of wool of the Kyrgyz 
Veterinary Institute to study the regularities of the 
relationship of the properties of the wool cover with the 
krimmer qualities of Karakul sheep of assorted colours. 
The authors of this study developed proposals to improve 
the quality of wool: by improving its evaluation, 
implementation, and rational use in the industry. The 
scientific group was also engaged in proving the 
conditionality of differences in the colours and shades of 
the hair of Karakul lambs with different types of melanin, 
its quantitative content and the nature of distribution in the 
volume of the hair. The features of age-related changes 
were established in the pigmentation of the wool cover, 
which determines the formation of the colour of the wool 
of adult sheep (Aripov 2020). 

Thus, an objective analysis of the research of genetic 
and breeding approaches to study the improvement of the 
quality of wool, and the inheritance of this quality in the 
Karakul breed of sheep under normal conditions of farms 

suggest the following conclusions: there is a correlation 
between the degree of colour and the age of sheep; the 
colour intensity of a lamb in the first months of 
ontogenesis is determined by the beginning of the growth 
of depigmented wool. There are two zones on the body of 
an adult sheep that are not affected by depigmentation – 
covering fibres of the head and legs. The authors consider 
it necessary to emphasise that the objective analysis of 
this study applies exclusively to lambs of the genotypes 
investigated herein and is not absolute for lambs with a 
different genotype. 
 
Conclusion 

The Karakul breed was being created for 20–25 years 
by cross-breeding the purebred Karakul sheep brought 
from the Karakul breeding zones with local crossbreeds of 
other species. Thus, 17 new valuable colours of Karakul 
sheep were created. The most recent achievement, which 
can be regarded as a scientific feat, is the creation, for the 
first time in world practice, of a new krimmer type of sur 
colouring. A range of factors cause changes in the cover 
of black Karakul sheep. To preserve the purity of the 
breed, zootechnicians and breeders need to consider the 
climatic conditions for breeding livestock, the diet and the 
mitotic activity of genes that control melanogenesis. 

This study analysed the cellular mechanism of 
regulation of the process of melanogenesis in sheep 
according to several factors: biodetermination of 
melanogenesis inhibition of lambs’ wool in the first days 
of ontogenesis (depigmentation accelerates on a lighter 
coat cover); density and growth rate (heterogeneous 
transformation of the length of wool affects its colour, 
which allows selection by wool characteristics). The 
longer the coat, the lighter it is. Therefore, in the age 
aspect, the wool changes its colour depending on the 
intensity. Hence, it is rational to use the method of wool 
productivity upon breeding highly productive 
depigmented sheep. In conclusion, comprehensive support 
is needed for the sustainable and dynamic development of 
Karakul breeding in such areas as the legislative 
framework for the development of breeding in animal 
husbandry and national support for breeding farms; 
extensive natural pastures located on desert and semi-
desert territories; the number of Karakul sheep of various 
colour and krimmer types; a scientific organisation that 
provides technological support for improving the 
efficiency of production, processing, and storage of 
products of the Karakul industry, as well as labour 
resources in the regions. 
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