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Ïîêàçàí íîâûé AluI-ïîëèìîðôèçì â ÷åòâåðòîì èíòðî-
íå ãåíà ãîðìîíà ðîñòà êóð. Âûÿâëåíà òðàíçèöèÿ öèòî-
çèíà â òèìèí â ñàéòå ðåñòðèêöèè äëÿ AluI. Ïîäîáðà-
íû ïðàéìåðû, ôëàíêèðóþùèå ôðàãìåíò ÷åòâåðòîãî 
èíòðîíà ãåíà ðàçìåðîì 460 ï.í., êîòîðûé ñîäåðæèò 
ïîëèìîðôíûé ñàéò ðåñòðèêöèè äëÿ AluI. Îïðåäåëåíû
íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè ïîëèìîðôíûõ âà-
ðèàíòîâ àìïëèôèöèðîâàííûõ ôðàãìåíòîâ. Ñ èñïîëü-
çîâàíèåì ðàçðàáîòàííûõ ïðàéìåðîâ ïðîâåäåí àíàëèç 
ãåíåòè÷åñêîé ñòðóêòóðû ïîïóëÿöèé êóð ïîðîä ïëè-
ìóòðîê áåëûé, ïîëòàâñêàÿ ãëèíèñòàÿ, Ðîä-àéëåíä 
êðàñíûé è áîðêîâñêàÿ áàðâèñòàÿ. Ïîêàçàíî, ÷òî ïî 
AluI-ïîëèìîðôèçìó â ÷åòâåðòîì èíòðîíå ãåí ãîðìîíà 
ðîñòà ÿâëÿåòñÿ ïîëèìîðôíûì âî âñåõ èçó÷åííûõ ïî-
ïóëÿöèÿõ. Â ïîïóëÿöèè êóð ïîðîäû ïëèìóòðîê áåëûé 
÷àñòîòà àëëåëåé C è T ñîñòàâèëà 0,14 è 0,86; Ðîä-
àéëåíä êðàñíûé – 0,3 è 0,7; ïîëòàâñêàÿ ãëèíèñòàÿ – 
0,04 è 0,96; áîðêîâñêàÿ áàðâèñòàÿ – 0,08 è 0,92 
ñîîòâåòñòâåííî. Îòìå÷åíà òåíäåíöèÿ ê óâåëè÷åíèþ 
ïîêàçàòåëåé ÿè÷íîé ïðîäóêòèâíîñòè è ìàññû ÿèö êóð 
ñ ãåíîòèïîì C/C, à òàêæå ìÿñíûõ êà÷åñòâ (æèâàÿ 
ìàññà, ìàññà òóøêè, ìàññà ãðóäíûõ ìûøö) êóð ñ ãåíî-
òèïîì T/T ïîðîäû Ðîä-àéëåíä êðàñíûé.

Êëþ÷åâûå ñëîâà: êóðû, ïîëèìîðôèçì, àëëåëü, ðåñòðèê-
öèÿ, ãåí ãîðìîíà ðîñòà, ïîïóëÿöèÿ.

Ââåäåíèå. Ãåí ãîðìîíà ðîñòà (GH) îòíîñèòñÿ 
ê îäíîìó èç íàèáîëåå ïîïóëÿðíûõ îáúåêòîâ 
èññëåäîâàíèé â ñîâðåìåííîé ãåíåòèêå ïòèöû, 
íàïðàâëåííîé íà ìàêñèìàëüíîå ðàñêðûòèå 
ïðîäóêòèâíîãî ïîòåíöèàëà ñ èñïîëüçîâàíèåì 
ìåòîäîâ ìàðêåð-àññîöèèðîâàííîé ñåëåêöèè [1,
2]. Äëÿ GH õàðàêòåðíî äîñòàòî÷íî áîëüøîå 
êîëè÷åñòâî ìóòàöèé, ìíîãèå èç êîòîðûõ ñâÿ-
çàíû ñ îïðåäåëåííûìè ïðèçíàêàìè, èìåþùè-
ìè çíà÷åíèå äëÿ ñåëåêöèîííîé ðàáîòû [3–5].
Ïîêàçàíû ðàçëè÷íûå òèïû ìóòàöèé (îäíîíóê-
ëåîòèäíûé ïîëèìîðôèçì, äåëåöèè) â ðàçíûõ 
ó÷àñòêàõ ãåíà [6–8], ïðè ýòîì îäíèì èç íàèáî-
ëåå ïåðñïåêòèâíûõ îáúåêòîâ â äàííîì êîí-
òåêñòå ÿâëÿåòñÿ ÷åòâåðòûé èíòðîí ãåíà ãîðìî-
íà ðîñòà êóð, êîòîðûé äîñòàòî÷íî õîðîøî èçó-

÷åí (â òîì ÷èñëå è àâòîðàìè íàñòîÿùåé ñòàòüè) 
[9, 10]. Òàê, íàïðèìåð, ïîêàçàíî íàëè÷èå MspI-
è SacI-ïîëèìîðôèçìîâ â ïîïóëÿöèÿõ êóð ðàç-
ëè÷íûõ ïîðîä ðàçíûõ íàïðàâëåíèé ïðîäóêòèâ-
íîñòè, âûÿâëåíà ñâÿçü àëëåëüíûõ âàðèàíòîâ ïî 
SacI-ïîëèìîðôèçìó ñ ïîêàçàòåëÿìè ÿè÷íîé ïðî-
äóêòèâíîñòè êóð ïîðîä ïîëòàâñêàÿ ãëèíèñòàÿ 
è áîðêîâñêàÿ áàðâèñòàÿ [11]. Îäíàêî íàðÿäó ñ 
óæå èçâåñòíûìè àëëåëüíûìè âàðèàíòàìè GH 
îïðåäåëåííûé èíòåðåñ ïðåäñòàâëÿåò ïîèñê íî-
âûõ ìóòàöèé, ÷òî ïîçâîëÿåò ñóùåñòâåííî ðàñ-
øèðèòü èíñòðóìåíòàðèé äëÿ èçó÷åíèÿ ãåíåòèêî-
ïîïóëÿöèîííûõ õàðàêòåðèñòèê îïûòíûõ ãðóïï 
ïòèöû, ïîèñêà àññîöèàòèâíûõ ñâÿçåé ðàçëè÷-
íûõ àëëåëåé ñ ïðîäóêòèâíûìè ïðèçíàêàìè è ò.ä.

Íà äàííûé ìîìåíò ê îäíîìó èç ñàìûõ ðàñ-
ïðîñòðàíåííûõ ìåòîäîâ èçó÷åíèÿ ïîëèìîðôèç-
ìà îòíîñèòñÿ ÏÖÐ-ÏÄÐÔ [12]. Ïðîâåäåíèå 
ÏÖÐ ñ ïîñëåäóþùèì ðåñòðèêöèîííûì àíàëè-
çîì ïîçâîëÿåò äåòåêòèðîâàòü îäíîíóêëåîòèä-
íûé ïîëèìîðôèçì (SNP) â ñàéòàõ ðåñòðèê-
öèè äëÿ êîíêðåòíûõ ôåðìåíòîâ. Íåñìîòðÿ íà 
èìåþùóþñÿ âñëåäñòâèå äàííîãî ôàêòà îãðà-
íè÷åííîñòü, ìåòîä øèðîêî èñïîëüçóåòñÿ â ñà-
ìûõ ðàçëè÷íûõ àñïåêòàõ ãåíåòèêè áëàãîäàðÿ 
îòíîñèòåëüíîé ïðîñòîòå, íèçêèì òðóäîçàòðà-
òàì è îáùåé ýôôåêòèâíîñòè ìåòîäèêè. Àíà-
ëèç íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ïîçâî-
ëÿåò âûÿâèòü ïîëèìîðôíûå ñàéòû, ÷òî â ñëó÷àå 
ñîâïàäåíèÿ (ïîëèìîðôèçì â ñàéòå ðåñòðèêöèè) 
äàåò âîçìîæíîñòü ïîäáîðà ñîîòâåòñòâóþùåé 
ýíäîíóêëåàçû ðåñòðèêöèè ñ öåëüþ ïðîâåäåíèÿ 
äàëüíåéøèõ èññëåäîâàíèé â íàïðàâëåíèè èçó-
÷åíèÿ ãåíåòè÷åñêîé ñòðóêòóðû ïîïóëÿöèé è ò.ä.

Äëÿ ïðîâåäåíèÿ ñåêâåíèðîâàíèÿ ïðè èçó-
÷åíèè ïîëèìîðôèçìà â òàðãåòíûõ ó÷àñòêàõ êàê
ïðàâèëî èñïîëüçóþò îáðàçöû, ïîëèìîðôíûé õà-
ðàêòåð êîòîðûõ óæå îïðåäåëåí â ïðåäøåñòâóþ-
ùèõ èññëåäîâàíèÿõ. Äëÿ âûÿâëåíèÿ íîâûõ ìó-
òàöèé â ðàçëè÷íûõ ãåíàõ (òàðãåòíûõ ôðàãìåí-
òàõ ãåíîìà) øèðîêî èñïîëüçóþò ìåòîä SSCP
[13]. Äàííûé ïîäõîä ïðèìåíÿþò ïðè àíàëèçå 
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ðàçëè÷íûõ ãåíîâ ó ñàìûõ ðàçíûõ âèäîâ æè-
âîòíûõ [14–16]. Âûÿâëåííûå ïîëèìîðôíûå âà-
ðèàíòû çàòåì ñåêâåíèðóþò, ÷òî óæå íåïîñðåä-
ñòâåííî äàåò èíôîðìàöèþ î íóêëåîòèäíûõ çà-
ìåíàõ â âûáðàííîì ó÷àñòêå ãåíîìà [17]. Äàëåå
ñ èñïîëüçîâàíèåì ñîîòâåòñòâóþùåãî ïðîãðàì-
ìíîãî îáåñïå÷åíèÿ ñòðîÿò êàðòû ðåñòðèêöèè
äëÿ øèðîêîãî ñïåêòðà ôåðìåíòîâ. Â ñëó÷àå,
åñëè íóêëåîòèäíàÿ çàìåíà (ìóòàöèÿ) ðàñïîëî-
æåíà â ñàéòå ðåñòðèêöèè äëÿ êîíêðåòíîé ðåñ-
òðèêòàçû, ðàçðàáàòûâàþò ìåòîä ÏÖÐ-ÏÄÐÔ 
äëÿ äàëüíåéøåãî èçó÷åíèÿ âûÿâëåííîãî ïîëè-
ìîðôèçìà â ïîïóëÿöèÿõ îïûòíûõ æèâîòíûõ. 
Òàêèì îáðàçîì, äëÿ ïîèñêà íîâûõ ìóòàöèé êîì-
áèíèðóþò èñïîëüçîâàíèå ðàçëè÷íûõ ìåòîäèê. 

Ïðåäûäóùèå íàøè èññëåäîâàíèÿ áûëè ïî-
ñâÿùåíû àíàëèçó ïðè÷èí âîçíèêíîâåíèÿ äî-
ïîëíèòåëüíîãî ïàòòåðíà â ñàéòå ðåñòðèêöèè äëÿ
MspI â ÷åòâåðòîì èíòðîíå ãåíà ãîðìîíà ðîñòà
êóð óêðàèíñêîé ñåëåêöèè [10]. Äëÿ ïîäòâåð-
æäåíèÿ ãèïîòåçû î ãåòåðîäóïëåêñíîé ïðèðîäå
äîïîëíèòåëüíîãî ôðàãìåíòà ïðîâåëè ñåêâåíè-
ðîâàíèå òàðãåòíîãî ó÷àñòêà GH. Ïîëó÷åííûå 
äàííûå è ïîñëóæèëè èñõîäíûì ìàòåðèàëîì 
äëÿ äàëüíåéøèõ èññëåäîâàíèé íóêëåîòèäíîãî 
ïîëèìîðôèçìà. Ó÷èòûâàÿ îòñóòñòâèå èíôîðìà-
öèè î ìåõàíèçìå ñâÿçè ðàçëè÷íûõ òèïîâ SNP 
â èíòðîííûõ ó÷àñòêàõ ãåíà ãîðìîíà ðîñòà ñ åãî 
ýêñïðåññèåé, âûÿâëåíèå íîâûõ ìóòàöèé ïðåä-
ñòàâëÿåò íàó÷íûé è ïðàêòè÷åñêèé èíòåðåñ. Òà-
êèì îáðàçîì, öåëü íàñòîÿùåãî èññëåäîâàíèÿ –
àíàëèç íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ÷åò-
âåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà ñ öåëüþ âû-
ÿâëåíèÿ ðàçëè÷íûõ ïîëèìîðôíûõ âàðèàíòîâ â 
ñàéòàõ ðåñòðèêöèè.

Ìàòåðèàëû è ìåòîäû. Èññëåäîâàíèÿ ïðî-
âîäèëè â ëàáîðàòîðèè ïðîôèëàêòèêè çàáîëåâà-
íèé ïòèöû è ìîëåêóëÿðíîé äèàãíîñòèêè Ãî-
ñóäàðñòâåííîé îïûòíîé ñòàíöèè ïòèöåâîäñò-
âà Íàöèîíàëüíîé àêàäåìèè àãðàðíûõ íàóê Óê-
ðàèíû.

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé èñïîëüçîâàëè 
ïîïóëÿöèè êóð ñëåäóþùèõ ïîðîä: êóðû ÿè÷íîãî 
íàïðàâëåíèÿ ïðîäóêòèâíîñòè – áîðêîâñêàÿ áàð-
âèñòàÿ ëèíèÿ A (n = 99); êóðû ìÿñî-ÿè÷íîãî 
íàïðàâëåíèÿ ïðîäóêòèâíîñòè – ïëèìóòðîê áå-
ëûé ëèíèÿ Ã-2 (n = 28); êóðû ÿè÷íî-ìÿñíîãî 
íàïðàâëåíèÿ ïðîäóêòèâíîñòè – ïîëòàâñêàÿ ãëè-
íèñòàÿ ëèíèÿ 14 (n = 45) è Ðîä-àéëåíä êðàñíûé 
ëèíèÿ 38 (n = 100).

ÄÍÊ èç îïûòíûõ îáðàçöîâ âûäåëÿëè ñ 
ïîìîùüþ êîììåð÷åñêîãî íàáîðà ðåàãåíòîâ 
«ÄÍÊ-ñîðá-Â» («ÀìïëèÑåíñ», ÐÔ).

Àìïëèôèêàöèþ ÷åòâåðòîãî èíòðîíà ãåíà ãîð-
ìîíà ðîñòà ïðîâîäèëè ñ èñïîëüçîâàíèåì ñëå-
äóþùèõ îëèãîíóêëåîòèäîâ:

F: 5�-CTAAAGGACCTGGAAGAAGGG-3�;
R: 5�-AACTTGTCGTAGGTGGGTCTG-3� [18].

Àìïëèôèêàöèþ îñóùåñòâëÿëè ñ èñïîëüçî-
âàíèåì ðåàãåíòîâ DreamTaq PCR Master Mix 
(Thermo Scientific) ñ ïîìîùüþ ïðîãðàììèðó-
åìîãî òåðìîöèêëåðà «Òåðöèê» («ÄÍÊ-òåõíî-
ëîãèÿ», ÐÔ) ïî ñîîòâåòñòâóþùåé ïðîãðàììå: 1 
öèêë – äåíàòóðàöèÿ 94 ºC 5 ìèí; 35 öèêëîâ – 
äåíàòóðàöèÿ 94 ºC 1 ìèí, îòæèã 56 ºC 1 ìèí, 
ýëîíãàöèÿ 72 ºC 1 ìèí; 1 öèêë – ôèíàëüíàÿ 
ýëîíãàöèÿ 72 ºC 10 ìèí. Îáúåì êîíå÷íîé ñìå-
ñè ñîñòàâèë 20 ìêë, êîíöåíòðàöèÿ ïðàéìå-
ðîâ – 0,2 ìêÌ.

Äëÿ ïîèñêà ïîëèìîðôíûõ âàðèàíòîâ èñ-
ïîëüçîâàëè íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè 
÷åòâåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà êóð 
ëèíèé 14 è 38.

Ãåíîòèïèðîâàíèå ïî êàæäîìó èç ëîêóñîâ 
ïðîâîäèëè ïîñðåäñòâîì àíàëèçà ïîëó÷åííûõ 
ýëåêòðîôîðåãðàìì. Ñåêâåíèðîâàíèå îñóùåñò-
âëÿëè íà àâòîìàòè÷åñêîì àíàëèçàòîðå ABI
Prism 3130. Îáðàáîòêó ðåçóëüòàòîâ ñåêâåíè-
ðîâàíèÿ, ïîñòðîåíèå ðåñòðèêöèîííûõ êàðò è
ïîäáîð ïðàéìåðîâ âûïîëíÿëè ñ ïîìîùüþ ñî-
îòâåòñòâóþùåãî ïðîãðàììíîãî îáåñïå÷åíèÿ 
(BioEdit version 7.1.9; Unipro UGENE versi-
on 1.14.0, DNA Baser 4 version 4.16.0.25 è 
FastPCR 6.5).

×àñòîòó àëëåëåé ïîëèìîðôíûõ ëîêóñîâ îï-
ðåäåëÿëè ïî ôîðìóëàì ìàêñèìàëüíîãî ïðàâäî-
ïîäîáèÿ [19]. Íà îñíîâå ïîëó÷åííûõ äàííûõ 
ðàññ÷èòûâàëè ôàêòè÷åñêîå è òåîðåòè÷åñêîå ðàñ-
ïðåäåëåíèå ãåíîòèïîâ, ñîîòâåòñòâèå ãåíåòè÷å-
ñêîìó ðàâíîâåñèþ ïîïóëÿöèè ïî Õàðäè-Âàéí-
áåðãó ìåòîäîì �2, ôàêòè÷åñêóþ (Ho) è îæèäàå-
ìóþ (He) ãåòåðîçèãîòíîñòü, ýôôåêòèâíîå ÷èñëî 
àëëåëåé (ne), èíäåêñ ôèêñàöèè Ðàéòà (Fis) ïî 
îáùåïðèíÿòûì ìåòîäèêàì ñ èñïîëüçîâàíèåì 
êîìïüþòåðíîé ïðîãðàììû Popgen32. Ñâÿçü àë-
ëåëüíûõ âàðèàíòîâ GH ñ ïðîäóêòèâíûìè ïðè-
çíàêàìè êóð îöåíèâàëè ñðàâíåíèåì ñðåäíèõ 
çíà÷åíèé ãåíîòèïîâ ñ èñïîëüçîâàíèåì t-êðè-
òåðèÿ Ñòúþäåíòà.
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Íîâûé AluI-ïîëèìîðôèçì â ÷åòâåðòîì èíòðîíå ãåíà ãîðìîíà ðîñòà êóð

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. Â 
ðàáîòå ïî èçó÷åíèþ MspI-ïîëèìîðôèçìà GH 
â ïîïóëÿöèÿõ êóð ðàçëè÷íûõ ïîðîä ïîëó÷åíû 
íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè ÷åòâåðòîãî 
èíòðîíà ãåíà, êîòîðûå ïîñëóæèëè ìàòåðèàëîì 
äëÿ èññëåäîâàíèé â íàñòîÿùåé ïóáëèêàöèè [10]. 
Äåòàëüíûé àíàëèç, ïðîâåäåííûé ñ èñïîëüçî-
âàíèåì ñîîòâåòñòâóþùåãî ïðîãðàììíîãî îáå-
ñïå÷åíèÿ, ïîçâîëèë âûÿâèòü íåñêîëüêî ðàíåå 
íå îïèñàííûõ â íàó÷íîé ëèòåðàòóðå ìóòàöèé 
â ÷åòâåðòîì èíòðîíå ãåíà ãîðìîíà ðîñòà êóð. 
Ïðè ýòîì áûëè îïðåäåëåíû ðàçëè÷íûå òèïû 
ìóòàöèé – òðàíçèöèè, òðàíñâåðñèè è ò.ä. Îäíà-
êî ïðèíèìàÿ âî âíèìàíèå òîò ôàêò, ÷òî öåëüþ 
èññëåäîâàíèé ñëóæèëà íåîáõîäèìîñòü èçó÷å-
íèÿ ãåíåòè÷åñêîé ñòðóêòóðû ðàçëè÷íûõ ïîïó-
ëÿöèé êóð, òî â äàëüíåéøåì ìû àíàëèçèðîâàëè 
òîëüêî òå ìóòàöèè, êîòîðûå íàõîäÿòñÿ â ñàéòàõ 
ðåñòðèêöèè, ÷òî â ñâîþ î÷åðåäü ïîçâîëèëî áû 
ðàçðàáîòàòü ìåòîä ÏÖÐ-ÏÄÐÔ äëÿ ïðîâåäåíèÿ 
ãåíîòèïèðîâàíèÿ îñîáåé. Â òàêîì ñëó÷àå ñïè-
ñîê ïîäõîäÿùèõ äëÿ ðàçðàáîòêè ìåòîäà ÏÖÐ-
ÏÄÐÔ ìóòàöèé ñèëüíî îãðàíè÷åí, òàê êàê 
ïîëèìîðôíûå âàðèàíòû äîëæíû ðàçëè÷àòüñÿ 
ïî ñâîåé ñòðóêòóðå èìåííî óíèêàëüíûõ äëÿ 
êàæäîãî ôåðìåíòà ñàéòîâ ðåñòðèêöèè. Òàêèì 
îáðàçîì, àíàëèçèðóåìûé ôðàãìåíò ìîæåò ñî-
äåðæàòü âåñüìà ñóùåñòâåííîå êîëè÷åñòâî ðàç-
ëè÷íûõ ìóòàöèé è ïðè ýòîì íå ñîîòâåòñòâîâàòü 
óïîìÿíóòûì òðåáîâàíèÿì.

Ñ èñïîëüçîâàíèåì àíàëèçà íóêëåîòèäíûõ 
ïîñëåäîâàòåëüíîñòåé ÷åòâåðòîãî èíòðîíà ãåíà 
ãîðìîíà ðîñòà êóð áûë îïðåäåëåí ïîëèìîð-
ôèçì â ñàéòå ðåñòðèêöèè äëÿ AluI.

Íà ðèñ. 1 ïðèâåäåíà íóêëåîòèäíàÿ ïîñëåäî-
âàòåëüíîñòü ôðàãìåíòà ÷åòâåðòîãî èíòðîíà GH 
êóð. Íàëè÷èå ïåðåêðûâàþùèõñÿ ïèêîâ óêàçûâà-
åò íà òî÷å÷íóþ ìóòàöèþ (òðàíçèöèþ öèòîçèíà â
òèìèí â ïîëîæåíèè 1788455), ÷òî ïðèâîäèò ê 
îáðàçîâàíèþ ñàéòà ðåñòðèêöèè äëÿ AluI AGCT.
Èñõîäÿ èç ýòîãî, íàëè÷èå öèòîçèíà ñîîòâåòñò-
âóåò àëëåëþ AluI–, òèìèíà – àëëåëþ AluI+.

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ïðîâåëè 
îáðàáîòêó íåñêîëüêèõ îáðàçöîâ (ïîïóëÿöèÿ êóð 
ïîðîäû Ðîä-àéëåíä êðàñíûé) ñîîòâåòñòâóþ-
ùåé ýíäîíóêëåàçîé ðåñòðèêöèè AluI, êîòîðàÿ 
ïîëíîñòüþ ïîäòâåðäèëà ñäåëàííûå íà îñíîâà-
íèè àíàëèçà íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñ-
òåé âûâîäû î íàëè÷èè AluI-ïîëèìîðôèçìà â 
îïûòíîé ïîïóëÿöèè (ðèñ. 2).

Â ðåçóëüòàòå èññëåäîâàíèé áûëè îïðåäåëå-
íû ïîëèìîðôíûå âàðèàíòû GH. Îäíàêî â 
ñëó÷àå ïðîâåäåíèÿ äîñòàòî÷íî ìàñøòàáíûõ èñ-
ñëåäîâàíèé ãåíåòèêî-ïîïóëÿöèîííîé ñòðóêòóðû
îïûòíûõ ëèíèé êóð èñïîëüçîâàíèå èñõîäíîãî 
àìïëèôèöèðîâàííîãî ôðàãìåíòà (~1200 ï.í.)
äëÿ èçó÷åíèÿ AluI-ïîëèìîðôèçìà íåöåëåñîîá-
ðàçíî, òàê êàê â ðåçóëüòàòå ðåñòðèêöèè îáðà-
çóåòñÿ áîëüøîå êîëè÷åñòâî ôðàãìåíòîâ, ÷òî ñó-
ùåñòâåííî çàòðóäíÿåò àíàëèç ýëåêòðîôîðåãðàìì.
Îáëàñòü ïðèìåíåíèÿ ìåòîäà ÏÖÐ-ÏÄÐÔ –
ýòî ïðîâåäåíèå ðóòèííûõ èññëåäîâàíèé ãåíå-
òèêî-ïîïóëÿöèîííîé ñòðóêòóðû, ïîýòîìó öåëå-
ñîîáðàçíî ïîäáèðàòü òàêèå óñëîâèÿ ïðîâåäåíèÿ 
ðåñòðèêöèè (ïàòòåðíû ðåñòðèêöèè), êîòîðûå äà-

Ðèñ. 1. Íóêëåîòèäíàÿ ïîñëåäîâàòåëüíîñòü ôðàãìåí-
òà ÷åòâåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà êóð, 
ãåòåðîçèãîòíûé ãåíîòèï. Ïðÿìîóãîëüíèêîì âûäåëåí 
ïîëèìîðôíûé ñàéò

Ðèñ. 2. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè 
÷åòâåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà ñ èñïîëü-
çîâàíèåì AluI: 1 – AluI+; 2, 4 – AluI–; 3 – ìàðêåð 
ìîëåêóëÿðíûõ ìàññ M-100
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âàëè áû âîçìîæíîñòü èñïîëüçîâàíèÿ äëÿ ãå-
íîòèïèðîâàíèÿ â ïåðâóþ î÷åðåäü àãàðîçíûõ ãå-
ëåé (÷òî ñóùåñòâåííî óïðîùàåò ïðîöåññ èññëå-
äîâàíèé). Äëÿ ýòîãî äîëæíû áûòü äîñòàòî÷íî 
âûðàæåíû ðàçëè÷èÿ â ðàçìåðå ðåñòðèêöèîííûõ 
ôðàãìåíòîâ, ò.å. ðàçëè÷èÿ â äëèíå «ïîðåçàííûõ» 
ôðàãìåíòîâ ÄÍÊ äîëæíû ëåãêî îïðåäåëÿòüñÿ. 
Îòñóòñòâèå âûðàæåííûõ ðàçëè÷èé â ðàçìåðàõ 
ôðàãìåíòîâ ìîæåò ïðèâîäèòü ê çàòðóäíåíèÿì 
ïðè ãåíîòèïèðîâàíèè îñîáåé è ê íåîáõîäè-
ìîñòè èñïîëüçîâàíèÿ ïîëèàêðèëàìèäíûõ ãå-
ëåé, êîòîðûå îáëàäàþò áîëüøåé ïî ñðàâíåíèþ 
ñ àãàðîçíûìè ðàçðåøàþùåé ñïîñîáíîñòüþ, íî 
ðàáîòà ñ êîòîðûìè áîëåå òðóäîåìêàÿ.

Òàê, íàïðèìåð, â èñõîäíîì àìïëèôèöèðî-
âàííîì ôðàãìåíòå ñîäåðæàòñÿ 8–9 ìîíîìîðô-
íûõ ñàéòîâ ðåñòðèêöèè äëÿ AluI, ÷òî ïðèâî-
äèò ê îáðàçîâàíèþ çíà÷èòåëüíîãî êîëè÷åñòâà
ôðàãìåíòîâ íà ýëåêòðîôîðåãðàììå è, ñîîòâåò-
ñòâåííî, çàòðóäíÿåò ýôôåêòèâíîñòü ãåíîòèïè-
ðîâàíèÿ (ðèñ. 2). Ïîýòîìó âîçíèêàåò íåîáõî-
äèìîñòü â ïîäáîðå ïðàéìåðîâ ê ó÷àñòêó ãåíà, 
ñîäåðæàùåìó ïîëèìîðôíûé ñàéò ðåñòðèêöèè,
òàêèì îáðàçîì, ÷òîáû êîëè÷åñòâî îáðàçóþ-
ùèõñÿ ðåñòðèêöèîííûõ ôðàãìåíòîâ íå çàòðóä-
íÿëî àíàëèç. Ñ íàøåé òî÷êè çðåíèÿ îïòè-
ìàëüíûì ÿâëÿåòñÿ ïîäáîð ôðàãìåíòà, ñîäåðæà-
ùåãî îäèí ìîíîìîðôíûé ñàéò ðåñòðèêöèè è
îäèí ïîëèìîðôíûé. Íàëè÷èå ìîíîìîðôíîãî 
ñàéòà â äàííîì êîíòåêñòå ïîçâîëèò èçáåæàòü
òåõíè÷åñêîé âîçìîæíîñòè ÷àñòè÷íîé àêòèâ-
íîñòè ôåðìåíòà, ò.å. íàëè÷èå íà ýëåêòðîôî-
ðåãðàììå ôðàãìåíòà, ñîîòâåòñòâóþùåãî ïî ðàç-

ìåðàì èñõîäíîìó àìïëèôèöèðîâàííîìó ôðàã-
ìåíòó, íå áóäåò ñëóæèòü ïðåïÿòñòâèåì äëÿ ýô-
ôåêòèâíîãî ãåíîòèïèðîâàíèÿ (ìîæíî óñïåøíî 
ãåíîòèïèðîâàòü îñîáåé ïðè íåïîëíîé àêòèâ-
íîñòè ýíäîíóêëåàçû ðåñòðèêöèè).

Ñ èñïîëüçîâàíèåì ñîîòâåòñòâóþùåãî ïðî-
ãðàììíîãî îáåñïå÷åíèÿ ïîäîáðàëè ïðàéìåðû,
êîòîðûå ôëàíêèðóþò ó÷àñòîê ÷åòâåðòîãî èíòðî-
íà, ñîäåðæàùèé îäèí ìîíîìîðôíûé ñàéò ðåñ-
òðèêöèè äëÿ AluI è îäèí ïîëèìîðôíûé ñàéò:

F: 5�-GAGGGACGTGGTTATGGGCAC-3�; 
R: 5�-GACCTCAAGGATTGCAGGGCT-3�.

Òåìïåðàòóðà îòæèãà ñîñòàâèëà 63 ºÑ, ðàçìåð 
àìïëèôèöèðîâàííîãî ôðàãìåíòà – 460 ï.í.

Îáðàáîòêó àìïëèôèöèðîâàííûõ ôðàãìåíòîâ
ïðîâîäèëè ñ èñïîëüçîâàíèåì AluI ïî ïðèëà-
ãàåìîé ïðîèçâîäèòåëåì ìåòîäèêå.

Ïàòòåðíû ðåñòðèêöèè äëÿ êàæäîãî àëëåëÿ è 
ôîòîãðàôèÿ ýëåêòðîôîðåãðàììû ïðåäñòàâëåíû 
íà ðèñ. 3.

Êàê ñëåäóåò èç ðåçóëüòàòîâ èññëåäîâàíèé, ïî-
ëó÷åííûå «ñïåêòðû» ôðàãìåíòîâ ÄÍÊ íà ýëåê-
òðîôîðåãðàììå ñîîòâåòñòâóþò ðàññ÷èòàííûì ïàò-
òåðíàì ðåñòðèêöèè (íà îñíîâå àíàëèçà íóêëåî-
òèäíûõ ïîñëåäîâàòåëüíîñòåé). Ãåíîòèï C/C ïðåä-
ñòàâëåí íà ýëåêòðîôîðåãðàììå äâóìÿ ôðàã-
ìåíòàìè ðàçìåðîì 167 è 293 ï.í.; T/T – 108, 
185 è 167 ï.í.; C/T – 108, 185, 167 è 293 ï.í. 
ñîîòâåòñòâåííî.

Ñåêâåíèðîâàíèå ó÷àñòêà ãåíà, ôëàíêèðîâàí-
íîãî ðàçðàáîòàííûìè ïðàéìåðàìè, ïîäòâåðæ-
äàåò ðåçóëüòàòû, ïîëó÷åííûå ïðè ñåêâåíèðî-

Ðèñ. 3. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè ôðàãìåíòà ÷åòâåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà êóð 
(a) è ñõåìà ïàòòåðíîâ ðåñòðèêöèè è ñîîòâåòñòâóþùèå àëëåëè (á). Ñòðåëêàìè îáîçíà÷åíû ðåñòðèêöèîííûå 
ôðàãìåíòû: 1, 4, 5, 8, 10, 11 – ãåíîòèï C/T; 2, 3, 7 – T/T; 9 – C/C; 6 – ìàðêåð ìîëåêóëÿðíûõ ìàññ M-50
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âàíèè èñõîäíîãî ôðàãìåíòà. Íà ðèñ. 4 ïðåä-
ñòàâëåíû íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè àìï-
ëèôèöèðîâàííîãî ôðàãìåíòà îñîáåé ðàçíûõ ãå-
íîòèïîâ.

Êàê ñëåäóåò èç ïðåäñòàâëåííûõ ïîñëåäîâà-
òåëüíîñòåé, àëëåëþ AluI– ñîîòâåòñòâóåò àëëåëü 
Ñ; AluI+ – àëëåëü Ò. Ñîîòâåòñòâåííî êîäèðîâ-
êó àëëåëåé ïðîâîäèëè ñîîòíîñèòåëüíî òèïó àçî-
òèñòîãî îñíîâàíèÿ â ïîëèìîðôíîì ñàéòå (öè-
òîçèí/òèìèí).

Ðåçóëüòàòû èññëåäîâàíèé (ïðåäëîæåííàÿ 
ñòðóêòóðà ïðàéìåðîâ) ïîçâîëÿþò ïðîàíàëèçè-
ðîâàòü ãåíåòè÷åñêóþ ñòðóêòóðó îïûòíûõ ïîïó-
ëÿöèé êóð ïî äàííîìó ïîëèìîðôèçìó â ÷åòâåð-
òîì èíòðîíå ãåíà ãîðìîíà ðîñòà.

Òàê, â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâà-
íèé ïîêàçàíî, ÷òî ãåí ãîðìîíà ðîñòà (ïî AluI-
ïîëèìîðôèçìó â ÷åòâåðòîì èíòðîíå) ÿâëÿåòñÿ 
ïîëèìîðôíûì âî âñåõ èçó÷åííûõ ïîïóëÿöèÿõ 
êóð (òàáëèöà).

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î
çíà÷èòåëüíîé èçìåí÷èâîñòè ÷àñòîòû âñòðå÷àå-
ìîñòè ðàçëè÷íûõ ãåíîòèïîâ â ïîïóëÿöèÿõ êóð 

ðàçíûõ ïîðîä. Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî
äîñòîâåðíûå ðàçëè÷èÿ â ÷àñòîòàõ àëëåëåé íà-
áëþäàëèñü ìåæäó ïîïóëÿöèåé êóð ïîðîäû Ðîä-
àéëåíä êðàñíûé è âñåìè îñòàëüíûìè. Â òî æå 
âðåìÿ ìåæäó ïîïóëÿöèÿìè îñòàëüíûõ ïîðîä 
äîñòîâåðíûõ ðàçëè÷èé íå îáíàðóæåíî. Îñîáè, 
ãîìîçèãîòíûå ïî àëëåëþ C, îáíàðóæåíû òîëü-
êî â ïîïóëÿöèÿõ êóð ïîðîä Ðîä-àéëåíä êðàñíûé 
(8 %) è áîðêîâñêàÿ áàðâèñòàÿ (2 %). Â ñâîþ 
î÷åðåäü íàèáîëüøåå êîëè÷åñòâî îñîáåé, ãîìî-
çèãîòíûõ ïî àëëåëþ T, îáíàðóæåíî â ïîïóëÿ-
öèè êóð ïîðîäû ïîëòàâñêàÿ ãëèíèñòàÿ (91,1 %), 
íàèìåíüøåå – â ïîðîäå Ðîä-àéëåíä êðàñíûé 
(48 %). Íàèáîëåå âûðàæåííûé ýêñöåññ ãåòå-
ðîçèãîò íàáëþäàëñÿ â ïîðîäå ïëèìóòðîê áå-
ëûé, íàèìåíüøèé – â ïîðîäå áîðêîâñêàÿ áàð-
âèñòàÿ. Ïîðîäà Ðîä-àéëåíä êðàñíûé õàðàêòå-
ðèçîâàëàñü íàèáîëüøèì óðîâíåì ïîëèìîð-
ôèçìà ïî ïîêàçàòåëþ ýôôåêòèâíîãî ÷èñëà àë-
ëåëåé, ïîëòàâñêàÿ ãëèíèñòàÿ – íàèìåíüøèì. 
Âñå èçó÷åííûå ïîïóëÿöèè êóð íàõîäèëèñü â 
ñîñòîÿíèè ãåíåòè÷åñêîãî ðàâíîâåñèÿ.

Ðèñ. 4. Íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè ôðàãìåíòà ÷åòâåðòîãî èíòðîíà ãåíà ãîðìîíà ðîñòà êóð ðàçíûõ 
ãåíîòèïîâ. Ïðÿìîóãîëüíèêîì âûäåëåí ïîëèìîðôíûé ñàéò

Ãåíåòè÷åñêàÿ ñòðóêòóðà îïûòíûõ ïîïóëÿöèé êóð ïî AluI-ïîëèìîðôèçìó 
â ÷åòâåðòîì èíòðîíå ãåíà ãîðìîíà ðîñòà

Ïîðîäà êóð
Ãåíîòèïû Àëëåëè

�2 Ho He ne Fis
C/C C/T T/T C T

Ïëèìóòðîê áåëûé

Ðîä-àéëåíä êðàñíûé

Ïîëòàâñêàÿ ãëèíèñòàÿ

Áîðêîâñêàÿ áàðâèñòàÿ

0

8

0

2

8

44

4

12

20

48

41

85

0,14

0,30

0,04

0,08

0,86

0,70
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Èç âñåõ èçó÷åííûõ ïîïóëÿöèé êóð åäèíñò-
âåííîé ïîðîäîé, íà êîòîðîé îêàçàëîñü âîçìîæ-
íûì èçó÷èòü ñâÿçü àëëåëüíûõ âàðèàíòîâ GH ñ 
ïðîäóêòèâíûìè ïðèçíàêàìè, îêàçàëàñü Ðîä-
àéëåíä êðàñíûé. Ýòîò ôàêò íåïîñðåäñòâåííî 
ñâÿçàí ñ îñîáåííîñòÿìè ãåíåòè÷åñêîé ñòðóê-
òóðû ïî äàííîìó ïîëèìîðôèçìó, ò.å. ñ îòñóò-
ñòâèåì äîñòàòî÷íîãî äëÿ àíàëèçà êîëè÷åñòâà 
îñîáåé ðàçíûõ ãåíîòèïîâ (â ïåðâóþ î÷åðåäü 
ãîìîçèãîò C/C è T/T) â ïîïóëÿöèÿõ äðóãèõ 
ïîðîä êóð. Ïîýòîìó íàøè ïîñëåäóþùèå èñ-
ñëåäîâàíèÿ áûëè ïðîâåäåíû íà ïòèöå ïîðîäû 
Ðîä-àéëåíä êðàñíûé.

Ïðè àíàëèçå ÿè÷íîé ïðîäóêòèâíîñòè ïòè-
öû çà 12 è 40 íåäåëü ïðîäóêòèâíîãî ïåðèîäà 
äîñòîâåðíûõ ðàçëè÷èé ìåæäó îñîáÿìè ðàçëè÷-
íûõ ãåíîòèïîâ íå âûÿâëåíî. Îäíàêî çà 40 
íåäåëü ïðîäóêòèâíîñòü îñîáåé ñ ãåíîòèïîì 
C/C íåñêîëüêî áîëüøå, ÷åì îñîáåé ñ ãåíî-
òèïîì T/T, è ñîñòàâèëà îíà ñîîòâåòñòâåííî 
218,9 ± 6,6 ïðîòèâ 209,5 ± 3,7 øò. ÿèö. 
Ãåòåðîçèãîòíûå îñîáè çàíèìàþò ïðîìåæóòî÷-
íîå ïîëîæåíèå (215,4±3,9 øò. ÿèö). Îñîáè ñ
ãåíîòèïîì C/C õàðàêòåðèçóþòñÿ òàêæå íåñ-
êîëüêî áîëüøèìè çíà÷åíèÿìè ìàññû ÿèö íà 
30-é íåäåëå æèçíè (58,2 ± 2,2 ïðîòèâ 56,2 ±
± 0,6 ã). Â ñâîþ î÷åðåäü äëÿ îñîáåé ñ ãåíîòè-
ïîì T/T õàðàêòåðíû áîëüøèå çíà÷åíèÿ ïîêà-
çàòåëåé ìÿñíûõ êà÷åñòâ – æèâîé ìàññû (1,83 ±
± 0,04 ïðîòèâ 1,68 ± 0,08 êã), ìàññû ïîòðîøå-
íîé òóøêè (1,32 ± 0,03 ïðîòèâ 1,21 ± 0,05 êã) è 
ìàññû ãðóäíûõ ìûøö (100,6 ± 2,3 ïðîòèâ 90,3 ±
± 5,8 ã). Òàêèå ïîêàçàòåëè ó ãåòåðîçèãîòíûõ 
îñîáåé òàêæå çàíèìàþò ïðîìåæóòî÷íîå çíà÷å-
íèå. Ñëåäóåò çàìåòèòü, ÷òî îòñóòñòâèå äîñòî-
âåðíûõ ðàçëè÷èé ìîæåò áûòü ñâÿçàíî ñ ðàç-
ëè÷íûì êîëè÷åñòâîì îñîáåé ðàçíûõ ãåíîòè-
ïîâ (C/C è T/T) (òàáëèöà).

Âûâîäû. Â ðåçóëüòàòå àíàëèçà íóêëåîòèä-
íûõ ïîñëåäîâàòåëüíîñòåé ÷åòâåðòîãî èíòðîíà 
ãåíà ãîðìîíà ðîñòà êóð îïðåäåëåí íîâûé ïîëè-
ìîðôèçì â ñàéòå ðåñòðèêöèè äëÿ AluI (òðàíçèöèÿ 
Ñ�Ò â ïîëîæåíèè Ñhr27:1788455). Ïîäîáðàíû 
ïðàéìåðû, ôëàíêèðóþùèå ôðàãìåíò ÷åòâåðòî-
ãî èíòðîíà ãåíà ðàçìåðîì 460 ï.í., êîòîðûé 
ñîäåðæèò ïîëèìîðôíûé ñàéò ðåñòðèêöèè äëÿ 
AluI. Ïîêàçàíî, ÷òî ãåí ãîðìîíà ðîñòà (ïî 
AluI-ïîëèìîðôèçìó â ïîëîæåíèè 1788455) ÿâ-
ëÿåòñÿ ïîëèìîðôíûì âî âñåõ èçó÷åííûõ îòå-
÷åñòâåííûõ ïîïóëÿöèÿõ êóð. ×àñòîòà àëëåëÿ 

Ñ (îòñóòñòâèå ñàéòà ðåñòðèêöèè) â èññëåäó-
åìûõ ïîïóëÿöèÿõ êóð èçìåíÿëàñü â ïðåäåëàõ 
îò 4 % (ïîëòàâñêàÿ ãëèíèñòàÿ) äî 30 % (Ðîä-
àéëåíä êðàñíûé). Íàëè÷èå òðàíçèöèè Ñ�Ò 
áûëî õàðàêòåðíî äëÿ ïðåèìóùåñòâåííîãî êî-
ëè÷åñòâà îñîáåé è ñîñòàâëÿëî 70–96 %. Ïðè 
àíàëèçå ñâÿçè ðàçëè÷íûõ ãåíîòèïîâ ñ ÿè÷íîé 
è ìÿñíîé ïðîäóêòèâíîñòüþ êóð ïîðîäû Ðîä-
àéëåíä êðàñíûé îòìå÷åíî îòñóòñòâèå äîñòî-
âåðíûõ ðàçëè÷èé, ÷òî ìîæåò áûòü ñâÿçàíî ñ 
âûðàæåííûìè ðàçëè÷èÿìè â êîëè÷åñòâå îñî-
áåé (íèçêèé ïðîöåíò ãîìîçèãîò Ñ/Ñ – 8 %). 
Îäíàêî ñëåäóåò îòìåòèòü îïðåäåëåííûå òåí-
äåíöèè ê óâåëè÷åíèþ ÿè÷íîé ïðîäóêòèâíîñòè 
è ñðåäíåé ìàññû ÿèö êóð ñ ãåíîòèïîì Ñ/Ñ ïî-
ðîäû Ðîä-àéëåíä êðàñíûé, à òàêæå ìÿñíûõ 
êà÷åñòâ (æèâàÿ ìàññà, ìàññà òóøêè è ãðóäíûõ 
ìûøö) êóð ñ ãåíîòèïîì Ò/Ò (òðàíçèöèÿ). Íà 
ôîíå ïðåîáëàäàíèÿ îñîáåé, èìåþùèõ òðàí-
çèöèþ Ñ�Ò, âî âñåõ èññëåäîâàííûõ ïîïóëÿ-
öèÿõ êóð îòìå÷åííûå îòëè÷èÿ â ðàñïðåäåëå-
íèè ÷àñòîò àëëåëåé è ãåíîòèïîâ â áîëüøåé 
ìåðå íîñÿò èíäèâèäóàëüíûé õàðàêòåð, ÷òî 
ñâèäåòåëüñòâóåò î íåîáõîäèìîñòè ó÷åòà âëèÿ-
íèÿ ïîðîäíûõ îñîáåííîñòåé ïðè èçó÷åíèè àë-
ëåëüíîãî ïîëèìîðôèçìà â ïðåäåëàõ îäíîãî 
íàïðàâëåíèÿ ïðîäóêòèâíîñòè. 
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A novel AluI-polymorphism in the fourth intron of 
chicken growth hormone gene was shown. It was 
detected the cytosine to thymine transition in the 
restriction site for AluI. Primers, that flanking the 460 bp 
fragment of the fourth intron, containing a polymorphic 
restriction site for AluI, was designed. The nucleotide 
sequence fragments amplified polymorphic variants was 
determined. Using designed primers was analyzed the 
genetic structure of populations of White Plymouth 
Rock, Poltava Clay, Rhode Island Red and Borkovskaya 
Barvistaya chicken breeds. It was found that growth 
hormone gene (by AluI-polymorphism in the fourth 
intron) was polymorphic in all experimental populations. 
Frequencies of alleles C and T in chicken population of 
White Plymouth Rock breed were 0,14 and 0,86; Rhode 
Island Red – 0,3 and 0,7; Poltava Clay – 0,04 and 0,96; 
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Borkovskaya Barvistaya – 0,08 and 0,92 respectively. 
The tendency to increase egg production and egg weight 
of chicken with C/C genotype, as well as meat quality 
(live weight, carcass weight, weight of pectoral muscles) 
of chickens with genotype T/T of Rhode Island Red 
chicken breed was shown.

ÑÏ ÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Su, Y.J., Shu, J.T., Zhang, M., Zhang, X.Y., Shan, 
Y.J., Li, G.H., Yin, J.M., Song, W.T., Li, H.F., and 
Zhao, G.P., Association of chicken growth hormone 
polymorphisms with egg production, Genet. Mol. 
Res., 2014, vol. 13, no. 3, pp. 4893–4903.

2. Jafari, A., Pakdel, A., and Esmailkhanian, S., 
Growth hormone gene polymorphism in two Iranian 
native fowls, Poultry Sci. J., 2015, vol. 3, no. 1, 
pp. 99–104.

3. Zhang, X.L., Jiang, X., Liu, Y.P.,  Du, H.R., and 
Zhu, Q., Identification of AvaI polymorphisms in 
the third intron of GH gene and their associations 
with abdominal fat in chickens, Poultry Sci., 2007, 
vol. 86, no. 6, pp. 1079–1083.

4. Lei, M., Luo, C., Peng, X., Fang, M., Nie, Q., 
Zhang, D., Yang, G., and Zhang, X., Polymorphism 
of growth-correlated genes associated with fatness 
and muscle fiber traits in chickens, Poultry Sci., 
2007, vol. 86, no. 5, pp. 835–842.

5. Vu, C.T., and Ngu, N.T., Single nucleotide poly-
morphisms in candidate genes associated with egg 
production traits in native Noi chicken of Vietnam, 
Int. J. Plant, Anim. Environ. Sci., 2016, vol. 6, no. 1, 
pp. 162–169.

6. Nie, Q., Sun, B., Zhang, D. Luo, C., Ishag, N.A., 
Lei, M., Yang, G., and Zhang, X., High diversity 
of the chicken growth hormone gene and effects on 
growth and carcass traits, J. Hered., 2005, vol. 96, 
no. 6, pp. 698–703.

7. Nie, Q., Lei, M., Ouyang, J., Zeng, H., Yang, G., 
and Zhang, X., Identification and characterization 
of single nucleotide polymorphisms in 12 chicken 
growth-correlated genes by denaturing high per-
formance liquid chromatography, Genet. Sel. Evol., 
2005, vol. 37, no. 3, pp. 339–360.

8. Anh, N.T., Kunhareang, S., and Duangjinda, M., 
Association of chicken growth hormones and insulin-
like growth factor gene polymorphisms with growth 
performance and carcass traits in thai broilers, Asi-
an-Austral. J. Anim. Sci., 2015, vol. 28, no. 12, 
pp. 1686–1695.

9. Makhsous, S., Mirhoseini, S., Zamiri, M., and Ni-
azi, A., Polymorphisms of growth hormone gene in 
a native chicken population: association with egg 
production, Bull. Vet. Inst. Pulawy, 2013, vol. 57, 
pp. 73–77.

10. Kulibaba, R.A., Yurko, P.S., and Liashenko, Y.V., 
MspI-polymorphism in fourth intron of the growth 
hormone gene in chicken populations of different 
breeds. Analysis of the causes of additional restriction 
pattern origin, Cytol. Genet., 2015, vol. 49, no. 6, 
pp. 372–377.

11. Kulibaba, R.A., Polymorphism of growth hormone, 
growth hormone receptor, prolactin and prolactin 
receptor genes in connection with egg production in 
Poltava clay chicken, Sel’skokhozyaistvennaya Bio-
logiya [Agricultural Biology], 2015, vol. 50, no. 2, 
pp. 198–207.

12. Ota, M., Fukushima, H., Kulski, J.K., and Inoko, H.,
Single nucleotide polymorphism detection by po-
lymerase chain reaction-restriction fragment length 
polymorphism, Nat. Protoc., 2007, vol. 2, no. 11, 
pp. 2857–2864.

13. Gasser, R.B., Hu, M., Chilton, N.B., Campbell, B.E.,
Jex, A.J., Otranto, D., Cafarchia, C., Beveridge, I.,
and Zhu, X., Single-strand conformation poly-
morphism (SSCP) for the analysis of genetic va-
riation, Nat. Protoc., 2006, vol. 1, no. 6, pp. 3121–
3128.

14. Niraj, D.K., Kumar, P., Mishra, C., Narayan, R., 
Bhattacharya, T.K., Shrivastava, K., Bhushan, B., 
Tiwari, A.K., Saxena, V., Sahoo, N.R., and Shar-
ma, D., Single nucleotide polymorphism mining and 
nucleotide sequence analysis of Mx1 gene in exonic 
regions of Japanese quail, Vet. World, 2015, vol. 8, 
no. 12, pp. 1435–1443.

15. Muhaghegh, M.D., Goswami, S.L., and De, S., 
Single strand conformation polymorphism (SSCP) 
in 3’ region of growth hormone gene in five breeds 
of Indian buffalo, Anim. Sci. Papers Rep., 2006,
vol. 24, no. 2, pp. 159–162.

16. Farag, I.M., Darwish, A.M., Darwish, H.R., Ab-
delAziz, K.B., Ramadan, W.A., and Mohamed, 
M.I., and Ohtman, O.E., Polymorphism of growth 
hormone gene and its association with wool traits in 
Egyptian sheep breeds, Afr. J. Biotechnol., 2016, vol. 
15, no. 14, pp. 549–556.

17. Wu, X., Yan, M.J., Lian, S.Y.,  Liu, X.T., and Li, 
A., GH gene polymorphisms and expression as-
sociated with egg laying in Muscovy ducks (Cairina 
moschata), Hereditas, 2014, vol. 151, no. 1, pp. 14–
19.

18. Nie, Q., Ip, S.C., Zang, X., Leung, F.C., and Yang, 
G., New variations in intron 4 of growth hormone 
gene in Chinese native chickens, J. Hered., 2002, 
vol. 93, no. 4, pp. 277–279.

19. Merkur’eva, E.K., Geneticheskie osnovy selektsii v 
skotovodstve (Genetic Bases of Breeding in Ranching), 
Moscow, Kolos, 1977, 240 p. 

Ïîñòóïèëà 02.06.16


