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Ðåçþìå. Â íàñòîÿùåå âðåìÿ çíà÷èòåëüíûé èíòåðåñ
ïðåäñòàâëÿþò ñîâðåìåííûå òåõíîëîãèè, ïðåäóñìàòðèâàþ-
ùèå èñïîëüçîâàíèå ÄÍÊ-ìàðêåðîâ, êîòîðûå øèðîêî ïðèìå-
íÿþòñÿ â íàöèîíàëüíûõ ñåëåêöèîííûõ ïðîãðàììàõ ðÿäà
ñòðàí ñ ðàçâèòûì æèâîòíîâîäñòâîì è îêàçûâàþò ñóùå-
ñòâåííîå âëèÿíèå íà óëó÷øåíèå ïîêàçàòåëåé ïðîäóêòèâíî-
ñòè. Ïðè ýòîì íàèáîëüøóþ ïîïóëÿðíîñòü ïðèîáðåòàþò ãå-
íåòè÷åñêèå ìàðêåðû, âçàèìîñâÿçàííûå ñ ãåíàìè (ãåíàìè-
êàíäèäàòàìè), áåëêîâûé ïðîäóêò êîòîðûõ âûïîëíÿåò ãëà-
âåíñòâóþùóþ ðîëü â ôîðìèðîâàíèè èëè ðåãóëÿöèè ôèçèî-
ëîãî-áèîõèìè÷åñêèõ ïðîöåññîâ [Kolosov Yu.A., Getmantseva
L.V., Shirockova N.V. et al., 2015]. Ñîìàòîòðîïèí è ëåïòèí -
âàæíåéøèå ãîðìîíàëüíûå ðåãóëÿòîðû ýíåðãåòè÷åñêîãî
îáìåíà. Ïîëèìîðôèçì ãåíîâ, êîäèðóþùèõ ýòè áåëêè, ñâÿ-
çûâàþò ñ ðåïðîäóêòèâíûìè êà÷åñòâàìè, ïàðàìåòðàìè ìÿñ-
íîé, øåðñòíîé è ìîëî÷íîé ïðîäóêòèâíîñòè ó êðóïíîãî ðîãà-

òîãî ñêîòà, êîç è îâåö. Â ñâÿçè ñ âîçðàñòàþùèì èíòåðåñîì
ê ïðîèçâîäñòâó ìîëîäîé áàðàíèíû è ÿãíÿòèíû ïðèîðèòåò
îòäàåòñÿ èçó÷åíèþ ãåíîâ, êîíòðîëèðóþùèõ ìÿñíóþ ïðîäóê-
òèâíîñòü. Îñîáóþ àêòóàëüíîñòü èìååò èçó÷åíèå ïîëèìîð-
ôèçìà ãåíîâ ëåïòèíà (Lep) è ãîðìîíà ðîñòà (GH) ó ïîðîä
îâåö êîìáèíèðîâàííîãî íàïðàâëåíèÿ ïðîäóêòèâíîñòè, îò-
ëè÷àþùèõñÿ âûñîêèì âûõîäîì ìÿñà è øåðñòè. Â ñâÿçè ñ
ýòèì öåëüþ íàøåé ðàáîòû ÿâèëîñü èçó÷åíèå ïîëèìîðôèç-
ìà ãåíîâ LEP è GH ó îâåö ïîëóòîíêîðóííîé ïîðîäû ñåâåðî-
êàâêàçñêàÿ ìÿñî-øåðñòíàÿ. Â õîäå ïðîâåäåííîãî ãåíåòè-
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Abstract. Currently, modem technologies involving the
use of DNA markers, which are widely used in national selection
programs of a number of countries with developed animal
husbandry and have a significant impact on improving
productivity indices, are of considerable interest. At the same
time, the most popular are genetic markers that are interrelated
with genes (candidate genes), the protein product of which
plays a dominant role in the formation or regulation of
physiological and biochemical processes [Kolosov Yu.A.,
Getmantseva L.V., Shirockova N.V. et al., 2015]. Somatotropin
and Leptin are the most important hormonal regulators of
energy metabolism. The polymorphism of the genes encoding
these proteins is associated with reproductive qualities,
parameters of meat, wool and milk productivity in cattle, goats
and sheep. Due to the growing interest in the production of
young mutton and lamb, priority is given to the study of genes
that control meat productivity. Of particular relevance is the
study of Leptin (Lep) and growth hormone (GH) gene
polymorphism in sheep breeds with a combined productivity
direction, characterized by a high yield of meat and wool. In this
regard, the purpose of our work was to study the polymorphism
of the LEP and GH genes in sheep of the semifine-fleece North
Caucasian meat and wool breed. The genetic analysis revealed
two single-nucleotide substitutions: C321T (Oar_v4. 0 g.
47485936C>T) in the V exon region of the GH gene and G387T
(Oar_v4.0 g.92503453G>T) in the III exon region of the Lep
gene. In both cases, the frequency of occurrence of the reference
allele was more than two time higher than the frequency of
mutant alleles occurrence. A comparative analysis of the results
obtained with the data of literary sources allowed us to establish
that the G387T mutant allele of the Leptin gene occurs 8.1 %
more often in sheep of the North Caucasian meat and wool
breed than in sheep of the Indian malpura breed of [Meena A.S.
et al., 2016 ]. Further research will be aimed at stuaying the
relationship of the identified polymorphisms with productive
indice.
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÷åñêîãî àíàëèçà âûÿâëåíî äâå îäíîíóêëåîòèäíûå çàìåíû:
C321T (Oar_v4.0 g.47485936Ñ>T) â îáëàñòè ýêçîíà V ãåíà
GH è G387T (Oar_v4.0 g.92503453G>T) â îáëàñòè ýêçîíà III
ãåíà Lep. Â îáîèõ ñëó÷àÿõ ÷àñòîòà âñòðå÷àåìîñòè ðåôåðåí-
ñíîãî àëëåëÿ áîëåå ÷åì â äâà ðàçà ïðåâûøàëà ÷àñòîòó
âñòðå÷àåìîñòè ìóòàíòíûõ àëëåëåé. Ñðàâíèòåëüíûé àíà-
ëèç ïîëó÷åííûõ ðåçóëüòàòîâ ñ äàííûìè ëèòåðàòóðíûõ èñ-
òî÷íèêîâ ïîçâîëèë óñòàíîâèòü, ÷òî ó îâåö ñåâåðîêàâêàçñ-
êîé ìÿñî-øåðñòíîé ïîðîäû ìóòàíòíûé àëëåëü G387T ãåíà
ëåïòèíà âñòðå÷àåòñÿ íà 8,1 % ÷àùå, ÷åì ó îâåö èíäèéñêîé
ïîðîäû ìàëüïóðà [Meena A.S. et al., 2017]. Äàëüíåéøèå
èññëåäîâàíèÿ áóäóò íàïðàâëåíû íà èçó÷åíèå ñâÿçè âûÿâ-
ëåííûõ ïîëèìîðôèçìîâ ñ ïðîäóêòèâíûìè ïîêàçàòåëÿìè.

Àêòóàëüíîñòü òåìû

Íà ñåãîäíÿøíèé äåíü ñåëåêöèÿ â ñòðàíàõ ñ ðàçâèòûì
æèâîòíîâîäñòâîì âåäåòñÿ ïðåèìóùåñòâåííî ñ èñïîëüçîâà-
íèåì ñîâðåìåííûõ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ òåõíîëîãèé,
ïîçâîëÿþùèõ ïîâûñèòü òî÷íîñòü îöåíêè è ïðîãíîçèðîâà-
íèÿ ýêîíîìè÷åñêè çíà÷èìûõ ïîêàçàòåëåé ïðîäóêòèâíûõ
æèâîòíûõ. Ñóùåñòâåííîå âíèìàíèå óäåëÿåòñÿ ñåëåêöèè,
íàïðàâëåííîé íà óëó÷øåíèå ïîêàçàòåëåé ìÿñíîé ïðîäóê-
òèâíîñòè, â ñâÿçè ñ ýòèì îñîáóþ àêòóàëüíîñòü èìååò èçó÷å-
íèå ïîëèìîðôèçìà ìàðêåðíûõ ãåíîâ è ãåíîâ-êàíäèäàòîâ,
êîäèðóþùèõ ãîðìîíû êîíòðîëèðóþùèå ïðîöåññû ðîñòà è
ýíåðãåòè÷åñêîãî îáìåíà [Wakchaure R. et al., 2015].

Ãîðìîí ðîñòà (ñîìàòîòðîïíûé ãîðìîí, ñîìàòîòðîïèí) -
îäèí èç âàæíåéøèõ ðåãóëÿòîðîâ ñîìàòè÷åñêîãî ðîñòà, îá-
ëàäàþùèé øèðîêèì ñïåêòðîì áèîëîãè÷åñêîãî äåéñòâèÿ.
Êîíòðîëèðóåò ïðîöåññû ñèíòåçà áåëêà, êàòàáîëèçìà æèðà,
óâåëè÷èâàåò âñàñûâàíèå êàëüöèÿ â êèøå÷íèêå, òåì ñàìûì
óñèëèâàÿ îáùèé ðîñò êîñòåé è ñòèìóëèðóÿ ïðîëèôåðàöèþ
õîíäðîöèòîâ, âëèÿåò íà ïðîöåññ ëàêòàöèè [Thomas è äð.,
2007]. Ó îâåö ãåí ãîðìîíà ðîñòà (Growth Hormone, GH),
êîäèðóþùèé ñîìàòîòðîïèí, êàðòèðîâàí íà 11 õðîìîñîìå.
Âûÿâëåíà ñâÿçü ïîëèìîðôèçìà ãåíà GH ñ ýêñòåðüåðíûìè
ïîêàçàòåëÿìè [Depison N. et al., 2017], ìîëî÷íîé [Dettori M.L.
et al., 2015], øåðñòíîé [Ibrahim M.F. et al., 2016] è ìÿñíîé
ïðîäóêòèâíîñòüþ îâåö [Gorlov I.F. et al., 2017].

Ãîðìîí ëåïòèí îáåñïå÷èâàåò ïîääåðæàíèå ýíåðãåòè-
÷åñêîãî áàëàíñà â îðãàíèçìå æèâîòíûõ è ÷åëîâåêà, ÿâëÿåò-
ñÿ íåîòúåìëåìûì êîìïîíåíòîì ôèçèîëîãè÷åñêîé ñèãíàëü-
íîé ñèñòåìû, ðåãóëèðóþùåé àïïåòèò è ïðîöåññû æèðîâîãî
îáìåíà. Ó îâåö ãåí (LEP, Leptin), êîäèðóþùèé áåëîê  ëåïòèí,
ðàñïîëîæåí íà 4 õðîìîñîìå, åãî ïîëèìîðôèçì ñâÿçûâàþò
ñ èíòåíñèâíîñòüþ ðîñòà è æèâîé ìàññîé [Hajihosseinlo A.,
Hashemi A., Sadeghi S., 2012], ìîëî÷íîé ïðîäóêòèâíîñòüþ
[Mahmoud A.H. et al., 2014] è ðåïðîäóêòèâíûìè êà÷åñòâàìè
[Bakhtiar R.et al., 2017].

Îñîáûé èíòåðåñ ïðåäñòàâëÿåò ïîëè-
ìîðôèçì ãåíîâ GH è LEP ó ïîðîä îâåö,
õàðàêòåðèçóþùèõñÿ ñî÷åòàíèåì âûñîêîé
ìÿñíîé è øåðñòíîé ïðîäóêòèâíîñòè, ñêî-
ðîñïåëîñòüþ, õîðîøèìè ïëåìåííûìè è
àäàïòàöèîííûìè êà÷åñòâàìè [Òðóõà÷åâ
Â.È., 2015]. Ðàíåå áûëî óñòàíîâëåíî ðàç-
íîîáðàçèå àëëåëüíûõ âàðèàíòîâ ãåíîâ ñî-
ìàòîòðîïèíà (GÍ), ëåïòèíà (LEP) ó îâåö
òîíêîðóííîé ïîðîäû ñîâåòñêèé  ìåðèíîñ
[Ñåëèîíîâà Ì.È., 2019, Ñàôîíîâà Í.Ñ., Êî-
âàëåâ Ä.À., Ñêîðûõ  Ë.Í. è äð., 2019]. Â
ñâÿçè ñ ýòèì öåëüþ íàøåé ðàáîòû ÿâèëîñü
èçó÷åíèå ïîëèìîðôèçìà ãåíîâ GH è LEP ó
îâåö ïîëóòîíêîðóííîé ïîðîäû ñåâåðîêàâ-
êàçñêàÿ ìÿñî-øåðñòíàÿ.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèé

Ýêñïåðèìåíòàëüíàÿ ÷àñòü èññëåäîâà-
íèé ïðîâîäèëèñü â óñëîâèÿõ ÑÏÊ "Âîñòîê"
Ñòåïíîâñêîãî ðàéîíà Ñòàâðîïîëüñêîãî
êðàÿ. Ëàáîðàòîðíûå èññëåäîâàíèÿ ïðîâî-
äèëè íà áàçå ÔÊÓÇ Ñòàâðîïîëüñêèé ïðî-

òèâî÷óìíûé èíñòèòóò Ðîñïîòðåáíàäçîðà. Îáúåêòîì èññëå-
äîâàíèÿ ÿâëÿëèñü ÿðêè ñåâåðîêàâêàçñêîé ìÿñî-øåðñòíîé
ïîðîäû (n=30). Îòáîð ãåíåòè÷åñêîãî ìàòåðèàëà (êðîâü)
îñóùåñòâëÿëñÿ ó ìîëîäíÿêà â âîçðàñòå 4 ìåñÿöåâ.

Âûäåëåíèå ÄÍÊ ïðîâîäèëè ìåòîäîì íóêëåîñîðáöèè ñ
èñïîëüçîâàíèåì ñåðòèôèöèðîâàííîãî íàáîðà "ÄÍÊ ñîðá -
Â" (ÈíòåðËàáÑåðâèñ, Ðîññèÿ). Äëÿ ïîñòàíîâêè ÏÖÐ èñ-
ïîëüçîâàëè ðåàãåíòû ïðîèçâîäñòâà "ÈíòåðËàáÑåðâèñ" (Ðîñ-
ñèÿ): ñìåñü äÍÒÔ, âîñê äëÿ ÏÖÐ 15% (òåìïåðàòóðà  ïëàâëåíèÿ
37 0Ñ), ÏÖÐ-ñìåñü-2 red (2,5-êðàòíûé ÏÖÐ-áóôåð, êðåçîëîâûé
êðàñíûé, 5,5 ìÌ MgCl

2
). Îëèãîíóêëåîòèäíûå ïðàéìåðû äëÿ

àìïëèôèêàöèè ó÷àñòêîâ ãåíîâ LEP [Meena A.S., 2017], GH
[Farag Ibrahim M., 2016] ïðåäñòàâëåíû â òàáëèöå 1.

Àìïëèôèêàöèþ ïðîâîäèëè íà òåðìîöèêëåðå ïëàíøåò-
íîãî òèïà ("Bio-Rad", ÑØÀ), èñïîëüçóÿ óñëîâèÿ, óêàçàííûå
â òàáëèöå 2.

Ðàçìåð ïîëó÷åííûõ àìïëèêîíîâ îïðåäåëÿëè ñ ïîìî-
ùüþ íàáîðà "Êîìïëåêò ðåàãåíòîâ äëÿ ýëåêòðîôîðåòè÷åñ-
êîé äåòåêöèè â àãàðîçíîì ãåëå" è ÄÍÊ ìàðêåðà ìîëåêóëÿð-
íîãî âåñà 50 ï.í. ("ÈíòåðËàáÑåðâèñ", Ðîññèÿ). Î÷èñòêó
ÏÖÐ-ïðîäóêòîâ îñóùåñòâëÿëè ñ ïîìîùüþ íàáîðà ðåàãåí-
òîâ Agencourt AMPure XP ("Beckman Coulter Inc", ÑØÀ).

Ãåíåòè÷åñêèé àíàëèç îñóùåñòâëÿëñÿ ìåòîäîì êàïèë-
ëÿðíîãî ñåêâåíèðîâàíèÿ ïî Ñýíãåðó. Ðåàêöèþ ñåêâåíèðî-
âàíèÿ ïðîâîäèëè ñ èñïîëüçîâàíèåì íàáîðà ðåàãåíòîâ
BigDye™ Terminator v3.1 Cycle Sequencing Kit â ñîîòâåò-
ñòâèè ñ èíñòðóêöèåé ïðîèçâîäèòåëÿ. Ïðîäóêòû ðåàêöèè
î÷èùàëè ïðåöèïèòàöèåé 75%-íûì èçîïðîïèëîâûì ñïèð-
òîì. Ñåêâåíèðîâàíèå îñóùåñòâëÿëè ñ èñïîëüçîâàíèåì ãå-
íåòè÷åñêîãî àíàëèçàòîðà ABI PRISM 3500 Genetic Analyzer.

Таблица 1 - Последовательность олигонуклеотидных праймеров для 

амплификации участков генов лептина (LEP), соматотропина (GH) 

Table 1 - The sequence of oligonucleotide primers for amplification in the gene 

regions of leptin (LEP), somatotropin (GH) 

Ген Праймеры 
Длина 

фрагмента, п.н. 

LEP 
F: 5'- AGGAAGCACCTCTACGCTC -3', 

R: 5'- CTTCAAGGCTTCAGCACC -3' 
471 п.н. 

GH 
F: 5'-GAAACCTCCTTCCTCGCCC-3' 

R: 5'- CCAGGGTCTAGGAAGCCACA-3' 
365 п.н. 

 
Таблица 2 – Условия проведения амплификации для генов GH и LEP 

Table 2 - Amplification conditions for GH and LEP genes 

Этап 

GH LEP 

t, °С Время 
Кол-во 

циклов 
t, °С Время 

Кол-во 

циклов 

Удержание температуры 94 5 мин 1 94 5 мин 1 

Циклирование 

95 30 сек 

35 

94 30 сек 

35 65 30 сек 59 30 сек 

72 45 сек 72 30 сек 

Завершающая элонгация 72 5 мин 1 72 5 мин 1 

 

Таблица 3 - Частота аллелей и генотипов гена GH овец 

породы северокавказская мясо-шерстная 

Table 3 - Frequency of alleles and genotypes of the GH gene 

in sheep of the North Caucasian meat and wool breed 

SNP  
Генотип, % Аллель, % 

СС СT TT C T 

C321T  53,3 30,0 16,7 68,3 31,7 

 
Таблица 4 - Частота аллелей и генотипов гена LEP овец 

породы северокавказская мясо-шерстная 

Table 4 - Frequency of alleles and genotypes of the LEP gene 

in sheep of the North Caucasian meat and wool breed 

SNP  
Генотип, % Аллель, % 

GG GT TT G T 

G387T  60,0 26,7 13,3 73,3 26,7 
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Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Â ðåçóëüòàòå ìîëåêóëÿðíî-ãåíåòè÷åñêîãî àíàëèçà ôðàã-
ìåíòà ýêçîíà V ãåíà ñîìàòîòðîïèíà ó îâåö ïîðîäû ñåâåðî-
êàâêàçñêàÿ ìÿñî-øåðñòíàÿ îáíàðóæåíà åäèíñòâåííàÿ îä-
íîíóêëåîòèäíàÿ çàìåíà C321T (Oar_v4.0 g.47485936Ñ>T)
(Ðèñóíîê 1). ×àñòîòà âñòðå÷àåìîñòè ðåôåðåíñíîãî àëëåëÿ
Ñ â äàííîé ïîçèöèè â 2,2 ðàçà âûøå, ÷åì ÷àñòîòà âñòðå÷à-
åìîñòè ìóòàíòíîãî àëëåëÿ Ò (Òàáëèöà 3).

Ìóòàíòíûé àëëåëü áûë âûÿâëåí êàê â ãåòåðîçèãîòíîì,
òàê è â ãîìîçèãîòíîì ñîñòîÿíèè.

Â îáëàñòè ýêçîíà III ãåíà ëåïòèíà îáíàðóæåíà íåñèíî-
íèìè÷íàÿ çàìåíà - G387T (Oar_v4.0 g.92503453G>T) (Ðèñó-
íîê 2). Ïîëèìîðôèçì ïðèâîäèò ê çàìåíå êîäèðóåìîé àìè-
íîêèñëîòû âàëèí íà ëåéöèí. Ìóòàöèÿ îáíàðóæåíà êàê â
ãåòåðîçèãîòíîì, òàê è â ãîìîçèãîòíîì âàðèàíòå.

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èññëåäîâàíèé íàèáîëåå
ðàñïðîñòðàíåííûì ÿâëÿåòñÿ ðåôåðåíñíûé àëëëåëü G, åãî
÷àñòîòà âñòðå÷àåìîñòè â 2,8 ðàçà âûøå ÷àñòîòû âñòðå÷àå-
ìîñòè ìóòàíòíîãî àëëåëÿ T. Îäíàêî ó îâåö ñåâåðîêàâêàçñ-
êîé ìÿñî-øåðñòíîé ïîðîäû ìóòàíòíûé àëëåëü Ò âñòðå÷àåò-
ñÿ íà 8,1 % ÷àùå, ÷åì ó îâåö èíäèéñêîé ïîðîäû ìàëüïóðà
[Meena A.S. et al., 2017]. Òàêæå çàðóáåæíûì ó÷åíûìè ðàíåå
ñîîáùàëîñü îá îáíàðóæåíèè çàìåíû G387T ó íîâîçåëàíä-
ñêèõ ìåðèíîñîâ, îâåö ïîðîä ðîìíè ìàðø, êóïâîðò, êîððè-
äåéë, ïîëë äîðñåò è ñóôôîëê. Îäíàêî äàííûå î ÷àñòîòå
âñòðå÷àåìîñòè àëëåëåé äëÿ ýòèõ ïîðîä íå ïðèâåäåíû [Zhou
H., Hickford J.G.H., Gong H., 2009].

 Çàêëþ÷åíèå

Â õîäå ïðîâåäåííûõ èññëåäîâàíèé ó îâåö ñåâåðîêàâ-
êàçñêîé ìÿñî-øåðñòíîé ïîðîäû â îáëàñòè ýêçîíà V ãåíà
ãîðìîíà ðîñòà âûÿâëåíà îäíîíóêëåîòèäíàÿ çàìåíà C321T
(Oar_v4.0 g.47485936Ñ>T). ×àñòîòà âñòðå÷àåìîñòè ãåíîòè-
ïîâ ÑÑ, ÑT è TT ñîñòàâèëà 53,3%, 30,0% è 16,7% ñîîòâåò-
ñòâåííî. Â îáëàñòè ýêçîíà III ãåíà ëåïòèíà îáíàðóæåíà
íåñèíîíèìè÷íàÿ çàìåíà G387T (Oar_v4.0 g.92503453G>T).
×àñòîòà âñòðå÷àåìîñòè ãåíîòèïîâ GG, GT, TT ñîñòàâèëà
60,0%, 26,7% è 13,3% ñîîòâåòñòâåííî. Äàëüíåéøèå èññëå-
äîâàíèÿ áóäóò íàïðàâëåíû íà èçó÷åíèå ñâÿçè âûÿâëåííûõ
ïîëèìîðôèçìîâ ñ ïðîäóêòèâíûìè ïîêàçàòåëÿìè.
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Ðèñóíîê 1. Ôðàãìåíò ñåêâåíîãðàììû, âêëþ÷àþùèé SNP â ýêçîíå V ãåíà GH ó îâåö
ïîðîäû ñåâåðîêàâêàçñêàÿ ìÿñî-øåðñòíàÿ
Figure 1. A fragment of a sequenogram including SNP in V exon of the GH gene in sheep
of the North Caucasian meat and wool breed

Ðèñóíîê 2. Ôðàãìåíò ñåêâåíîãðàììû, âêëþ÷àþùèé SNP â ýêçîíå III ãåíà LEP ó îâåö
ïîðîäû ñåâåðîêàâêàçñêàÿ ìÿñî-øåðñòíàÿ
Figure 2. A fragment of a sequenogram including SNP in III exon of the LEP gene in
sheep of the North Caucasian meat and wool breed
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