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Ðåçþìå. Ðîññèéñêîå ìîëî÷íîå ñêîòîâîäñòâî, ðàçâèâà-
ÿñü â ðóñëå ìèðîâûõ òåíäåíöèé, áàçèðóåòñÿ íà ðàçâåäåíèè
âûñîêîïðîäóêòèâíîãî ñêîòà, â òîì ÷èñëå, ñ èñïîëüçîâàíèåì
áèîòåõíîëîãèè ïåðåíîñà ýìáðèîíîâ, ïîëó÷åííûõ îò ãåíå-
òè÷åñêè öåííûõ òåëîê è êîðîâ-äîíîðîâ. Â ðîññèéñêèõ ñåëü-
ñêîõîçÿéñòâåííûõ ïðåäïðèÿòèÿõ ñ 2014 ïî 2020 ãîäû ïðî-
èçâåäåíî áîëåå 90 òûñ. ýìáðèîíîâ in vivo è in vitro êðóïíîãî
ðîãàòîãî ñêîòà ñ âàðèàöèÿìè ðîñòà èõ ïîëó÷àåìîãî åæåãîä-
íîãî êîëè÷åñòâà â äèàïàçîíàõ îò 195 äî 26762 øò. (ýìáðè-
îíû in vitro), îò 2746 äî 14098 øò. (ýìáðèîíû in vivo).
Ïîñêîëüêó ñîäåðæàíèå æèâîòíûõ, íå èìåþùèõ âûñîêîé
ïðîäóêòèâíîñòè, ýêîíîìè÷åñêè íåâûãîäíî, íåîáõîäèìî
èñêëþ÷àòü ìàëîïðîäóêòèâíûõ îñîáåé èç ïðîèçâîäñòâà.
Âñëåäñòâèå, ÿâëÿåòñÿ âàæíûì ïðîãíîçèðîâàíèå íàèâûñ-
øåé ìîëî÷íîé ïðîäóêòèâíîñòè (áåëêè, æèð, óäîè) ó ïðå-
äèìïëàíòàöèîííûõ ýìáðèîíîâ, ïîëó÷åííûõ â âåòåðèíàð-
íîé ïðàêòèêå äëÿ öåëåé ýìáðèîòðàíñôåðà, à òàêæå ó òåëÿò
â ïåðâûå íåäåëè èõ æèçíè ïîñëå ðîæäåíèÿ ó âûñîêîóäîé-
íûõ êîðîâ. Ïîâñåìåñòíî ðàñòåò èíòåðåñ ê èñïîëüçîâàíèþ
ãåíåòè÷åñêèõ ìàðêåðîâ äëÿ ïðîãíîçèðîâàíèÿ íàñëåäóåìûõ
ïðèçíàêîâ ìîëî÷íîé ïðîäóêòèâíîñòè. Íà ôîíå ñòðåìèòåëü-
íîãî ðàçâèòèÿ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ òåõíîëîãèé, íà-
öåëåííûõ íà áîëåå ãëóáîêîå èçó÷åíèå ãåíîâ ìëåêîïèòàþ-
ùèõ, îáíàðóæèâàþòñÿ âñ¸ íîâûå òèïû äàííûõ, â ÷àñòíîñòè,
äàííûå î ôóíêöèîíàëüíûõ ãåííûõ ìóòàöèÿõ, îïîñðåäîâàí-
íûõ ìåõàíèçìîì àëüòåðíàòèâíîãî ñïëàéñèíãà. Â òåêóùåå
âðåìÿ íàìåòèëîñü íîâîå íàïðàâëåíèå èññëåäîâàíèé ó êðóï-
íîãî ðîãàòîãî ñêîòà ïî èçó÷åíèþ ôóíêöèîíàëüíûõ ìóòàöèé
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Abstract. Russian dairy cattle breeding, developing in line
with global trends, is based on the breeding of highly productive
livestock, including the use of biotechnology for the transfer of
embryos obtained from genetically valuable heifers and donor
cows. From 2014 to 2020, Russian agricultural enterprises
produced more than 90 thousand in vivo and in vitro cattle
embryos with variations of the growth of their annual number in
the range from 195 to 26762 pcs. (embryos in vitro), from 2746
to 14098 pcs. (embryos in vivo). Since keeping animals that do
not have high productivity is economically unprofitable, it is
necessary to exclude unproductive individuals from production.
As a result, it is important to predict the highest milk production
(proteins, fat, milk yield) of pre-implantation embryos obtained in
veterinary practice for the purposes of embryo transfer, as well as
in calves in the first weeks of their life after birth in high-yielding
cows. There is a growing interest in the use of genetic markers to
predict heritable traits of milk production. Against the backdrop
of the rapid development of molecular genetic technologies,
aimed at a deeper study of mammalian genes, new types of data are
being discovered, in particular, data on functional gene mutations
mediated by the mechanism of alternative splicing. Currently, a
new direction of research of cattle has been outlined to study
functional mutations (alternative splicing defects) that favorably
or adversely affect phenotypes, including the milk production of
cattle. The purpose of this study was to expand knowledge about
the predictive value of molecular markers developed based on
information about functional mutations in the milk production
predictor genes GHR (growth receptor gene), LEPR (leptin
receptor gene) and PRLR (prolactin receptor gene). These
potentially important markers are shown to be promising for use
in breeding aimed at increasing the productivity of dairy cattle.
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(äåôåêòû àëüòåðíàòèâíîãî ñïëàéñèíãà), áëàãîïðèÿòíî èëè
íåáëàãîïðèÿòíî âëèÿþùèõ íà ôåíîòèïû, â òîì ÷èñëå, íà
ìîëî÷íóþ ïðîäóêòèâíîñòü. Öåëüþ íàñòîÿùåãî èññëåäîâà-
íèÿ ÿâëÿëîñü ðàñøèðåíèå çíàíèé î ïðîãíîñòè÷åñêîé çíà÷è-
ìîñòè ìîëåêóëÿðíûõ ìàðêåðîâ, ðàçðàáàòûâàåìûõ íà îñíîâå
èíôîðìàöèè î ôóíêöèîíàëüíûõ ìóòàöèÿõ â ãåíàõ-ïðåäèê-
òîðàõ ìîëî÷íîé ïðîäóêòèâíîñòè GHR (ãåí ðåöåïòîðà ðîñòà),
LEPR (ãåí ðåöåïòîðà ëåïòèíà) è PRLR (ãåí ðåöåïòîðà ïðî-
ëàêòèíà). Ïîêàçàíà ïåðñïåêòèâíîñòü ýòèõ ïîòåíöèàëüíî âàæ-
íûõ ìàðêåðîâ äëÿ ïðèìåíåíèÿ â ñåëåêöèè, íàïðàâëåííîé íà
ïîâûøåíèå ïðîäóêòèâíîñòè ìîëî÷íîãî ñêîòà.

Ââåäåíèå

Íà ôîíå ïðîáëåì â ñîâðåìåííîì ìîëî÷íîì ñêîòîâîä-
ñòâå, êîòîðûå ñîñòîÿò â ÷àñòîé âûáðàêîâêå èç ñòàäà âûñîêî-
óäîéíûõ êîðîâ â ñâÿçè ñ àêóøåðñêî-ãèíåêîëîãè÷åñêèìè
(45,9 %), âíóòðåííèìè íåçàðàçíûìè (33,4 %) è õèðóðãè÷åñ-
êèìè áîëåçíÿìè (20,2 %) [1], ñåëåêöèÿ íà ïîâûøåíèå
ìîëî÷íîé ïðîäóêòèâíîñòè èìååò âàæíîå çíà÷åíèå.
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Â ðîññèéñêèõ ñåëüñêîõîçÿéñòâåííûõ ïðåäïðèÿòèÿõ,
ðàçâîäÿùèõ âûñîêîïðîäóêòèâíûé ìîëî÷íûé ñêîò, â ïîñëå-
äíåå âðåìÿ âîçðîñ èíòåðåñ ê èñïîëüçîâàíèþ ðåïðîäóêòèâ-
íîé áèîòåõíîëîãèè ïåðåíîñà ýìáðèîíîâ in vivo è in vitro,
ïîëó÷åííûõ îò ãåíåòè÷åñêè öåííûõ òåëîê è êîðîâ-äîíîðîâ
[2], à òàêæå ê èñïîëüçîâàíèþ ñåêñèðîâàííîé ñïåðìû äëÿ
ïîëó÷åíèÿ ïîòîìñòâà ñ çàðàíåå îïðåäåëåííûì ïîëîì [3].
Ïî èòîãàì 2020 ã. ïî ïîêàçàòåëþ ïðîèçâåäåííûõ ýìáðèî-
íîâ in vivo êðóïíîãî ðîãàòîãî ñêîòà ÐÔ âîøëà â ïÿòåðêó
ëèäåðîâ â ðåéòèíãå åâðîïåéñêèõ ñòðàí-ó÷àñòíèö ÀÅÒÅ
(Association of embryo technology in Europe), ÷ëåíîì êîòî-
ðîé ñòðàíà ÿâëÿåòñÿ óæå ìíîãî ëåò [2]. Â öåëîì, çà ïîñëå-
äíèå ñåìü ëåò (2014–2020 ãã.) â Ðîññèè ïðîèçâåäåíî áîëåå
90 òûñ. ýìáðèîíîâ in vivo è in vitro êðóïíîãî ðîãàòîãî ñêîòà,
åæåãîäíî èõ êîëè÷åñòâî ðàñòåò, âàðüèðóÿ â äèàïàçîíàõ îò
2746 äî 14098 øò. (ýìáðèîíû in vivo), îò 195 äî 26762 øò.
(ýìáðèîíû   in vitro) [2]. Ñîäåðæàíèå ìàëîïðîäóêòèâíûõ
æèâîòíûõ ÿâëÿåòñÿ íåîïðàâäàííûì, ïîýòîìó íåîáõîäèìà
ðàííÿÿ èäåíòèôèêàöèÿ îñîáåé ñ ïîâûøåííûì ïîòåíöèà-
ëîì ìîëî÷íîé ïðîäóêòèâíîñòè. Â âåòåðèíàðíîé ïðàêòèêå
õîçÿéñòâ, çàíèìàþùèõñÿ ýìáðèîòðàíñôåðîì, áîëüøîå âíè-
ìàíèå óäåëÿþò ñåëåêöèè ëó÷øèõ ýìáðèîíîâ ñ èñïîëüçîâà-
íèåì ïðåèìïëàíòàöèîííîãî ãåíåòè÷åñêîãî ñêðèíèíãà (ÏÃÀ)
íà îñíîâå ãåíåòè÷åñêèõ ìàðêåðîâ-ïðåäèêòîðîâ [4], íåñìîò-
ðÿ íà òî, ÷òî ó ïîëó÷àåìûõ ýìáðèîíîâ-òðàíñïëàíòàíòîâ
èçâåñòåí àíàìíåç ïðåäêîâ è ïðîäóêòèâíûé ïîòåíöèàë. Ïðè
ýòîì, ìåòîä áèîïñèè, èñïîëüçóåìûé äëÿ âçÿòèÿ áèîëîãè-
÷åñêîãî îáðàçöà ó ýìáðèîíà, íå íàíîñèò âðåäà äëÿ ïðèæèâ-
ëÿåìîñòè ýìáðèîíà-òðàíñïëàíòàíòà è åãî ðàçâèòèÿ â ïðî-
öåññå ñòåëüíîñòè ó ðåöèïèåíòà [5].

Ðàçâèòèå ìîëåêóëÿðíî-ãåíåòè÷åñêèõ òåõíîëîãèé, âêëþ-
÷àþùèõ ìåòîäû ñåêâåíèðîâàíèÿ SBT (sequence-based typing)
è NGS (next generation sequencing), îòêðûâàåò äîñòóï ê
èññëåäîâàíèÿì ãåíåòè÷åñêîé ñîñòàâëÿþùåé ìëåêîïèòàþ-
ùèõ íà âñ¸ áîëåå ãëóáîêîì óðîâíå. Ýòî òðåáóåò íîâûõ
ïîäõîäîâ ê èäåíòèôèêàöèè ïîòåíöèàëüíî âàæíûõ ãåíåòè-
÷åñêèõ ìàðêåðîâ, îñíîâàííûõ íà íîâûõ òèïàõ äàííûõ, â
÷àñòíîñòè, òàêèõ êàê èíôîðìàöèÿ î ôóíêöèîíàëüíûõ ãåí-
íûõ ìóòàöèÿõ. Â òåêóùåå âðåìÿ â îòíîøåíèè êðóïíîãî
ðîãàòîãî ñêîòà âåäóòñÿ èññëåäîâàíèÿ, íàïðàâëåííûå íà
èçó÷åíèå ôóíêöèîíàëüíîé àêòèâíîñòè ãåíîâ, îïîñðåäîâàí-
íîé ìåõàíèçìîì àëüòåðíàòèâíîãî ñïëàéñèíãà, à òàêæå íà
ïîèñê äåôåêòîâ ñïëàéñèíãà (ôóíêöèîíàëüíûå ìóòàöèè),
áëàãîïðèÿòíî èëè íåáëàãîïðèÿòíî âëèÿþùèõ íà ôåíîòè-
ïû, â òîì ÷èñëå, íà ïðèçíàêè ìîëî÷íîé ïðîäóêòèâíîñòè [6].
Ñïëàéñèíãîâûå ìóòàöèè, îáíàðóæåííûå â òàêèõ ãåíàõ-
ïðåäèêòîðàõ ìîëî÷íîé ïðîäóòâíîñòè, êàê ãåí ðåöåïòîðà
ðîñòà GHR, ãåí ðåöåïòîðà ëåïòèíà LEPR, ãåí ðåöåïòîðà
ïðîëàêòèíà PRLR, ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå
áîëåå ýôôåêòèâíûõ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìàðêåðîâ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Àíàëèç ïóáëèêàöèé ïî îáëàñòÿì çíàíèé, êàñàþùèõñÿ
èíòåðåñóþùèõ ãåíîâ-êàíäèäàòîâ GHR, LEPR è PRLR, áà-
çèðîâàëñÿ íà èçó÷åíèè ïîëíîòåêñòîâûõ ïóáëèêàöèé íà
ðóññêîì è àíãëèéñêîì ÿçûêàõ, îòðàæåííûõ, ãëàâíûì îáðàçîì
íà ïëàòôîðìå Web of Science, â áàçàõ äàííûõ eLIBRARY.RU,
Scopus, PubMed, Science Direct, Google Scholar. â ðîññèéñêèõ
è ìåæäóíàðîäíûõ ïàòåíòíûõ áàçàõ äàííûõ. Ïåðèîä àíàëèçà
îõâàòûâàë, â îñíîâíîì, 2000–2021 ãã.

Ðåçóëüòàòû èññëåäîâàíèé

Ïðè ïîèñêå â âûøåóêàçàííûõ áàçàõ äàííûõ áûëè íàé-
äåíû, â îáùåé ñëîæíîñòè, 536 ïîëíîòåêñòîâûõ íàó÷íûõ
ñòàòåé, ìàòåðèàëû êîòîðûõ áûëè èçó÷åíû è ïðîàíàëèçèðî-
âàíû. Èç óêàçàííîãî êîëè÷åñòâà ïóáëèêàöèé 142 ñòàòüè
áûëè êâàëèôèöèðîâàíû äëÿ èçó÷åíèÿ ðîëè àëüòåðíàòèâíî-
ãî ñïëàéñèíãà â ôóíêöèîíàëüíîé àêòèâíîñòè ãåíîâ GHR,
LEPR è PRLR êðóïíîãî ðîãàòîãî ñêîòà. Áëàãîäàðÿ íîâûì
äàííûì ñòàíîâèòñÿ èçâåñòíûì, ÷òî ãåíû ìëåêîïèòàþùèõ
ïðåäñòàâëÿþò ñîáîé àêòèâíî ôóíêöèîíèðóþùèå ñòðóêòó-
ðû, èìåþùèå ðåãóëÿòîðíûå ìåõàíèçìû. Îäíèì èç âàæíûõ
ìåõàíèçìîâ ðåãóëÿöèè ãåííîé àêòèâíîñòè, ïî ìíåíèþ ó÷å-
íûõ, ÿâëÿåòñÿ àëüòåðíàòèâíûé ñïëàéñèíã [7], ïðîöåññ êîòî-
ðîãî õàðàêòåðèçóåòñÿ èçìåíåíèåì ñòðóêòóðû ïåðâè÷íîãî
òðàíñêðèïòà ìÐÍÊ ïóòåì âûðåçàíèÿ èíòðîíîâ è ñøèâàíèÿ
ýêçîíîâ â ðàçëè÷íûõ êîìáèíàöèÿõ, â ðÿäå ñëó÷àåâ ñ ñîõðà-
íåíèåì èíòðîíîâ [8].  Â ðåçóëüòàòå â êàæäîì ãåíå ãåíåðè-
ðóåòñÿ íåñêîëüêî èçîôîðì ìÐÍÊ, ðàçëè÷àþùèõñÿ àìèíî-
êèñëîòíûìè ïîñëåäîâàòåëüíîñòÿìè, ÷òî îáóñëàâëèâàåò
âîçìîæíîñòü ðåãóëÿöèè âàæíûõ ôóíêöèé âî âñåõ áèîëîãè-
÷åñêèõ ïðîöåññàõ, ïðîèñõîäÿùèõ â îðãàíèçìå æèâîòíîãî
[9]. Ëþáûå èçìåíåíèÿ ýòîãî ïðîöåññà ìîãóò ïðèâåñòè ê
íàðóøåíèþ êëåòî÷íîãî ìåòàáîëèçìà è/èëè ôóíêöèè [10],
âûçâàâ ñïëàéñèíãîâûå ìóòàöèè, íàïðèìåð, íóêëåîòèäíûå
çàìåíû, êîòîðûå èçìåíÿþò ðåãóëÿòîðíûå ïîñëåäîâàòåëü-
íîñòè â êîíêðåòíîì ãåíå, ÷òî îòðàæàåòñÿ íà ïðîïîðöèÿõ
èçîôîðì ìÐÍÊ. Ïîíèìàíèå ôèçèîëîãè÷åñêîãî çíà÷åíèÿ
ýòèõ èçîôîðì âàæíî äëÿ ðàçðàáîòêè áèîìàðêåðîâ íà îñíî-
âå îáíàðóæåííûõ "ñïëàéñèíãîâûõ ìóòàöèé".

Âçàèìîñâÿçè èçîôîðì ìÐÍÊ ãåíîâ GHR, LEPR è PRLR,
àññîöèèðîâàííûå ñ ôåíîòèïàìè, â òîì ÷èñëå, ñ ïðèçíàêàìè
ìîëî÷íîé ïðîäóêòèâíîñòè, ïîêàçàíû â òàáëèöå. Ñëåäóåò
îòìåòèòü, ÷òî ñâåäåíèÿ, îòîáðàæåííûå â òàáëèöå ïî ãåíó
ðåöåïòîðà ãîðìîíà ðîñòà (GHR) [11], ïî ãåíó ðåöåïòîðà
ëåïòèíà (LEPR) [12-14], ïî ãåíó ðåöåïòîðà ïðîëàêòèíà (PRLR)
[15], ýòî åäèíè÷íûå ñâåäåíèÿ, íàéäåííûå â îòíîøåíèè êðóï-
íîãî ðîãàòîãî ñêîòà â íåìíîãî÷èñëåííûõ íàó÷íûõ òðóäàõ,
ïðè ýòîì, äàííûå î ñïëàéñèíãîâûõ ìóòàöèÿõ îòñóòñòâóþò.
Âñëåäñòâèå, íà äàííîì ýòàïå èññëåäîâàíèé íå èìååòñÿ âîç-
ìîæíîñòè àíàëèçèðîâàòü äàííûå â ñïåêòðå ñïëàéñèíãîâûõ
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ìóòàöèé, âëèÿþùèõ íà ìîëî÷íóþ ïðîäóêòèâíîñòü.
Âìåñòå ñ òåì, â ìåäèöèíå ÷åëîâåêà ïðîâåäåíî ìíîæå-

ñòâî èññëåäîâàíèé íà ïðåäìåò ïîèñêà ñïëàéñèíãîâûõ ìóòà-
öèé, êîòîðûå, êàê âûÿñíåíî, âîâëå÷åíû â øèðîêèé ñïåêòð
çàáîëåâàíèé [16] òàêèõ êàê àóòèçì, áîëåçíü Àëüöãåéìåðà,
ìèîòîíè÷åñêàÿ äèñòðîôèÿ è äðóãèå [17]. Ïî îäíîìó èç
èçó÷àåìûõ íàìè ãåíîâ LEPR âûÿâëåíî, ÷òî ó ÷åëîâåêà
áîëüøèíñòâî ìóòàöèé â åãî äëèííîé èçîôîðìå (LEPRb)
ñâÿçàíû ñ äèñôóíêöèåé ãèïîôèçà è îæèðåíèåì,  íàïðèìåð,
ó äåòåé ñ òÿæåëûì îæèðåíèåì îáíàðóæåíà ìóòàöèÿ â ñàéòå
ñïëàéñèíãà ýêçîíà 15 (c.2396-1 G> T) è íîíñåíñ-ìóòàöèÿ
ýêçîíà 10 (c.1675 G> A)  [18]. Èäåíòèôèöèðîâàííûå ñïëàé-
ñèíãîâûå ìóòàöèè èñïîëüçóþòñÿ â ìåäèöèíå â êà÷åñòâå
ãåíåòè÷åñêè-ìîëåêóëÿðíûõ ìàðêåðîâ äëÿ äèàãíîñòèêè çà-
áîëåâàíèé, à òàêæå â êà÷åñòâå ìèøåíåé äëÿ ëåêàðñòâåííûõ
ñðåäñòâ [19]. Ïî âñåìó ìèðó âåäóòñÿ ðàçðàáîòêè òåðàïåâòè-
÷åñêèõ ñðåäñòâ, âêëþ÷àþùèõ, èñêóññòâåííûå ìîëåêóëû
íóêëåèíîâûõ êèñëîò, ïîñðåäñòâîì êîòîðûõ â îðãàíèçìå
ïàöèåíòà ñòàíåò âîçìîæíîé êîððåêöèÿ ïðîöåññà àëüòåðíà-
òèâíîãî ñïëàéñèíãà, íàïðàâëåííàÿ íà çàìåùåíèå â ñòðóê-
òóðå ãåíà ìóòàíòíîãî ôðàãìåíòà ñ èíèöèàöèåé ãåíåðàöèè
íîðìàëüíîãî ñïëàéñèíãà [20]. Àíàëîãè÷íî òîìó, îòêðûâà-
þòñÿ âîçìîæíîñòè ïðîèçâîäèòü êîððåêöèþ àáåððàíòíîãî
ñïëàéñèíãà ïðè åãî èíäåíòèôèêàöèè â ãåíàõ êðóïíîãî
ðîãàòîãî ñêîòà â ñëó÷àÿõ íåáëàãîïðèÿòíîãî âëèÿíèÿ ñïëàé-
ñèíãîâûõ ìóòàöèé íà ìîëî÷íóþ ïðîäóêòèâíîñòü.

Âûâîäû

Âñå âîçðàñòàþùèé ñïðîñ íà ýìáðèîíû-òðàíñïëàíòàí-
òû ìîëî÷íîãî ñêîòà äèêòóåò íåîáõîäèìîñòü èõ îòáîðà ïî
ìàêñèìàëüíîé ìîëî÷íîé ïðîäóêòèâíîñòè. Ñ íàêîïëåíèåì
ýêñïåðèìåíòàëüíûõ äàííûõ âîçìîæíû ðàçðàáîòêè ýôôåê-
òèâíûõ ìàðêåðîâ, îñíîâàííûõ íà èíôîðìàöèè î ñïëàéñèí-
ãîâûõ ìóòàöèÿõ â ãåíàõ GHR, LEPR è PRLR êðóïíîãî
ðîãàòîãî ñêîòà, êîòîðûå áëàãîïðèÿòíî èëè íåáëàãîïðèÿòíî
âëèÿþò íà ïðèçíàêè ìîëî÷íîé ïðîäóêòèâíîñòè. Îæèäàåò-
ñÿ, ÷òî ñ èñïîëüçîâàíèåì òàêèõ ìàðêåðîâ-ïðåäèêòîðîâ ñòà-
íåò âîçìîæíîé ïðèæèçíåííàÿ êîððåêöèÿ àááåðàíòíûõ
ñïëàéñèíãîâûõ (ôóíêöèîíàëüíûõ) ìóòàöèé, íåãàòèâíî âëè-
ÿþùèõ íà ìîëî÷íóþ ïðîäóêòèâíîñòü. Ýòî ÿâëÿåòñÿ íîâîé
ïåðñïåêòèâîé â ïðîãðàììàõ ðàçâåäåíèÿ êðóïíîãî ðîãàòîãî
ñêîòà íàðÿäó ñ îáùåïðèíÿòîé ïðàêòèêîé, ïðè êîòîðîé æè-
âîòíûõ ïðè ñïðîãíîçèðîâàííîì íåæåëàòåëüíîì ïîòåíöèà-
ëå ïðîäóêòèâíîñòè èñêëþ÷àþò èç ïðîèçâîäñòâà.

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñçàäàíèÿ ¹121052600344-8.
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