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ПОЛИМОРФИЗМ ГЕНОВ 
ПРОЛАКТИНА И ГОРМОНА РОСТА 

В ЛИНИЯХ КУР УКРАИНСКОЙ 
СЕЛЕКЦИИ

Èçó÷åí ïîëèìîðôèçì ãåíîâ ïðîëàêòèíà è ãîðìîíà 
ðîñòà â äâóõ ëèíèÿõ êóð óêðàèíñêîé ñåëåêöèè ìÿñî-
ÿè÷íîãî (Ã-2) è ÿè÷íîãî (A) íàïðàâëåíèé ïðîäóê-
òèâíîñòè. Âûÿâëåí ïîëèìîðôèçì ïî íàëè÷èþ èíñåðöèè 
â ïðîìîòîðå ïðîëàêòèíà, îäíîíóêëåîòèäíîìó ïîëè-
ìîðôèçìó (SNP, çàìåíà C íà T â ïîëîæåíèè –2402) 
ãåíà ïðîëàêòèíà, ïåðâîìó èíòðîíó ãåíà ãîðìîíà ðîñ-
òà. ×àñòîòà àëëåëåé I è D ó êóð ëèíèè Ã-2 ñîñ-
òàâèëà 0,135 è 0,865, ó êóð ëèíèè A – 0,730 è 
0,270; àëëåëåé C è T – 0,155, 0,845 è 0,745, 0,255; 
àëëåëåé A, B è C – 0,435, 0,395, 0,170 è 0,670, 0,160, 
0,170 ñîîòâåòñòâåííî. Ïîêàçàíî, ÷òî ïîâûøåííàÿ 
÷àñòîòà àëëåëåé I, C è A â ëèíèè À ñîîòâåòñòâóåò 
ÿè÷íîìó íàïðàâëåíèþ ïðîäóêòèâíîñòè ïòèöû.

Ââåäåíèå. Â ñîâðåìåííîì ïòèöåâîäñòâå 
íàðÿäó ñ êëàññè÷åñêèìè ìåòîäàìè ñåëåêöèè, 
áàçèðóþùèìèñÿ ïðåèìóùåñòâåííî íà îöåí-
êå è ïîäáîðå îñîáåé ïî ôåíîòèïó, áûñòðû-
ìè òåìïàìè ðàçðàáàòûâàþòñÿ è âíåäðÿþòñÿ 
ìåòîäû ãåíîìíîé ñåëåêöèè, îñíîâàííûå íà 
îöåíêå ïî ãåíîòèïó. Îñíîâîé äëÿ ïðîâåäåíèÿ 
ìàðêåð-àññîöèèðîâàííîé ñåëåêöèè (MAS) ÿâ-
ëÿåòñÿ èçó÷åíèå ãåíîâ-êàíäèäàòîâ, èõ âëèÿ-
íèÿ íà èíòåðåñóþùèå èññëåäîâàòåëÿ ôåíî-
òèïè÷åñêèå ïðîÿâëåíèÿ [1, 2]. Öåëüþ ñîâ-
ðåìåííîé ñåëåêöèè â ïòèöåâîäñòâå ÿâëÿåòñÿ 
ñîçäàíèå âûñîêîïðîèçâîäèòåëüíûõ ïîðîä è 
ëèíèé ïòèöû ïî äâóì îñíîâíûì íàïðàâëå-
íèÿì ïðîäóêòèâíîñòè – ìÿñíîì è ÿè÷íîì. Â 
ñâÿçè ñ ýòèì ðàçëè÷íûìè ìåòîäàìè èññëåäó-
þòñÿ ãåíîòèïû ïîðîä è ëèíèé ïòèöû ñ öåëüþ 
âûÿâëåíèÿ âûñîêîñïåöèôè÷åñêèõ ìàðêåðîâ 
ÿéöåíîñêîñòè è ìÿñíûõ êà÷åñòâ. Èñïîëüçîâà-
íèå òàêèõ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìàðêåðîâ
ïîçâîëèò ïðîâîäèòü ñåëåêöèþ ïòèöû íà ïðèí-
öèïèàëüíî íîâûõ íà÷àëàõ, ÷òî ïîòåíöèàëüíî 
ðåçêî óñèëèò èíòåíñèâíîñòü ñåëåêöèè è ïî-
çâîëèò ìàêñèìàëüíî ýôôåêòèâíî ðàñêðûòü ïðî-
äóêòèâíûé ïîòåíöèàë ïòèöû. Ê ÷èñëó íàè-
áîëåå ïåðñïåêòèâíûõ ãåíîâ-êàíäèäàòîâ â íà-
ïðàâëåíèè ÿè÷íîé ïðîäóêòèâíîñòè ïòèöû 
îòíîñÿòñÿ ãåíû ïðîëàêòèíà è ãîðìîíà ðîñòà.

Ó ïòèö ïðîëàêòèí èãðàåò âàæíåéøóþ ðîëü 
â ôóíêöèîíèðîâàíèè ðåïðîäóêòèâíîé ñèñòå-
ìû â öåëîì [3]. Ïîêàçàíî åãî íåïîñðåäñòâåí-
íîå ó÷àñòèå â èíäóêöèè ïðîÿâëåíèÿ íàñèæè-
âàíèÿ ó ðàçíûõ âèäîâ ïòèö [4, 5]. Ïîâûøåíèå 
óðîâíÿ êîíöåíòðàöèè ïëàçìàòè÷åñêîãî ïðî-
ëàêòèíà âûçûâàåò ïîñòåïåííîå ñíèæåíèå èí-
òåíñèâíîñòè, à çàòåì è ïîëíîå ïðåêðàùå-
íèå ÿéöåêëàäêè, ÷òî ïðèâîäèò ê îùóòèìûì 
ýêîíîìè÷åñêèì ïîòåðÿì â ïðîìûøëåííîì 
ïòèöåâîäñòâå [6]. Â ðàáîòàõ ðàçëè÷íûõ àâòî-
ðîâ óñòàíîâëåíî, ÷òî íàëè÷èå èíñåðöèè ðàçìå-
ðîì 24 ï.í. â ïðîìîòîðíîì ó÷àñòêå ãåíà ïðî-
ëàêòèíà ïîëîæèòåëüíî êîððåëèðóåò ñ èíòåí-
ñèâíîñòüþ ÿéöåíîñêîñòè ïòèöû. Â êîììåð-
÷åñêèõ ëèíèÿõ ïòèöû ÿè÷íîãî íàïðàâëåíèÿ 
ïðîäóêòèâíîñòè ÷àñòîòà àëëåëÿ I (èíñåðöèÿ) 
äîñòèãàåò 0,98–1,00, â òî æå âðåìÿ ÷àñòîòà àë-
ëåëÿ D (äåëåöèÿ) – 0,00–0,02 [7, 8]. Â ñâÿçè ñ 
ýòèì ïåðñïåêòèâíûì ÿâëÿåòñÿ èçó÷åíèå ïî-
ëèìîðôèçìà ãåíà ïðîëàêòèíà êàê ïîòåíöè-
àëüíîãî ìàðêåðà ÿè÷íîé ïðîäóêòèâíîñòè [9].

Â ïðîìîòîðíîì ó÷àñòêå ãåíà ïðîëàêòèíà 
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(SNP) â ðàçíûõ ïîëîæåíèÿõ (C-2402T, C-
2161G, T-2101G, C-2062G è ò.ä.). Óñòàíîâ-
ëåíî, ÷òî ÷àñòîòà àëëåëÿ C (äëÿ C-2402T) â 
êîììåð÷åñêèõ ëèíèÿõ áåëîãî ëåããîðíà äî-
ñòèãàåò 1,00, ÷òî òàêæå êîððåëèðóåò ñ âû-
ñîêîé ÿè÷íîé ïðîäóêòèâíîñòüþ ïòèöû [8]. 
Â ñâÿçè ñ ýòèì âàæíûì ÿâëÿåòñÿ èçó÷åíèå 
ðàñïðåäåëåíèÿ ÷àñòîòû âñòðå÷àåìîñòè àë-
ëåëåé I è C ëîêóñà ïðîëàêòèíà ó êóð îòå-
÷åñòâåííîé ñåëåêöèè ñ öåëüþ îïðåäåëåíèÿ 
ïóòåé äàëüíåéøåé ñåëåêöèîííîé ðàáîòû 
äëÿ óâåëè÷åíèÿ ïðîäóêòèâíîãî ïîòåíöèàëà 
ïòèöû.

Ãîðìîí ðîñòà îáëàäàåò øèðîêèì ñïåêò-
ðîì ôèçèîëîãè÷åñêèõ ôóíêöèé, ñâÿçàííûõ ñ 
ïðîäóêòèâíûìè êà÷åñòâàìè ïòèöû, à òàêæå ñ 
óñòîé÷èâîñòüþ ê ðàçëè÷íûì çàáîëåâàíèÿì. 
Ãåí ãîðìîíà ðîñòà ó êóð ñîäåðæèò 4 èíòðîíà 
è 5 ýêçîíîâ [10]. Ñ ïîìîùüþ ðåñòðèêöèîí-
íîãî àíàëèçà ïîêàçàí âûñîêèé ïîëèìîðôèçì 
â ïåðâîì (GH1) è ÷åòâåðòîì (GH4) èíòðî-
íàõ. Èìååòñÿ àññîöèàòèâíàÿ ñâÿçü ìåæäó 
ïîëèìîðôèçìîì ïåðâîãî èíòðîíà è ÿè÷íîé 
ïðîäóêòèâíîñòüþ ïòèöû, à òàêæå ìåæäó ïî-
ëèìîðôèçìîì ÷åòâåðòîãî èíòðîíà è óñòîé÷è-
âîñòüþ ê áîëåçíè Ìàðåêà [11].

Òàêèì îáðàçîì, öåëü íàñòîÿùåé ðàáîòû – 
èçó÷åíèå ïîëèìîðôèçìà ãåíîâ ïðîëàêòèíà è 
ãîðìîíà ðîñòà ó êóð îòå÷åñòâåííîé ñåëåêöèè 
ìÿñî-ÿè÷íîãî è ÿè÷íîãî íàïðàâëåíèÿ ïðî-
äóêòèâíîñòè.

Ìàòåðèàëû è ìåòîäû. Èññëåäîâàíèÿ ïðî-
âîäèëè íà ïòèöå îòå÷åñòâåííîé ñåëåêöèè â 
ëàáîðàòîðèè ãåíåòè÷åñêîãî êîíòðîëÿ è ìî-
ëåêóëÿðíîé äèàãíîñòèêè Èíñòèòóòà ïòèöå-
âîäñòâà ÍÀÀÍ Óêðàèíû: 1) êóðû ìÿñî-
ÿè÷íûå, ëèíèÿ Ã-2, ïîëó÷åííûå ñ èñïîëüçîâà-

íèåì ïîðîäû ïëèìóòðîê áåëûé; 2) êóðû 
ÿè÷íûå «Áîðêîâñêèå áàðâèñòûå», ëèíèÿ A, 
ïîëó÷åííûå ñ èñïîëüçîâàíèåì ëèíèé áåëûõ 
è öâåòíûõ ëåããîðíîâ ðàçíîãî ïðîèñõîæäåíèÿ. 
Ïîêàçàòåëè ïðîäóêòèâíîñòè ïòèöû îáåèõ ëè-
íèé ïðèâåäåíû â òàáë. 1.

Îòîáðàíî ïî 100 ïðîá êðîâè îò ïòèöû
êàæäîé ëèíèè íà ýêñïåðèìåíòàëüíîé ïòèöå-
ôåðìå «Ñîõðàíåíèå ãîñóäàðñòâåííîãî ãåíî-
ôîíäà Èíñòèòóòà ïòèöåâîäñòâà Íàöèîíàëü-
íîé àêàäåìèè àãðàðíûõ íàóê Óêðàèíû». 
Êðîâü îòáèðàëè èç ãðåáíÿ ñ ïîìîùüþ ñêà-
ðèôèêàòîðà íà ñòåðèëüíóþ ôèëüòðîâàëüíóþ 
áóìàãó. Êàæäûé îáðàçåö ïîäñóøèâàëè, ìàð-
êèðîâàëè è èíäèâèäóàëüíî óïàêîâûâàëè 
äëÿ ïðåäîòâðàùåíèÿ êîíòàìèíàöèè. ÄÍÊ 
èç îïûòíûõ îáðàçöîâ âûäåëÿëè ñ ïîìîùüþ 
êîììåð÷åñêîãî íàáîðà ðåàãåíòîâ «ÄÍÊ-ñîðá-
Â» («ÀìïëèÑåíñ», ÐÔ). Ýôôåêòèâíîñòü âûäå-
ëåíèÿ ÄÍÊ îïðåäåëÿëè ñ ïîìîùüþ ýëåêòðî-
ôîðåçà â 0,7%-íîì àãàðîçíîì ãåëå ïðè 200 Â â 
òå÷åíèå 5 ìèí.

Ïîëèìîðôèçì ãåíà ïðîëàêòèíà îïðåäåëÿ-
ëè ïî äâóì ïîêàçàòåëÿì – 24 bp (PRL) è 
5FA (PRL). Ïåðâûé ïîêàçàòåëü – ýòî íàëè-
÷èå èíñåðöèè ðàçìåðîì 24 ï.í., åãî îïðå-
äåëÿëè ñðàâíèòåëüíûì àíàëèçîì äëèíû àì-
ïëèôèöèðîâàííûõ ôðàãìåíòîâ ïðè ïðîâåäå-
íèè ýëåêòðîôîðåçà; âòîðîé ïîêàçàòåëü – 
îäíîíóêëåîòèäíûé ïîëèìîðôèçì (SNP, 
çàìåíà C íà T â ïîëîæåíèè –2402) – ïðè ïî-
ìîùè ðåñòðèêöèîííîãî àíàëèçà ñ èñïîëü-
çîâàíèåì AluI («Fermentas», Ëèòâà).

Ïîëèìîðôèçì ãåíà ãîðìîíà ðîñòà (GH1) 
îïðåäåëÿëè ïî ïåðâîìó èíòðîíó ñ ïîìîùüþ 
ðåñòðèêöèîííîãî àíàëèçà ñ èñïîëüçîâàíèåì 
MspI («Fermentas», Ëèòâà).

Òàáëèöà 1
Îñíîâíûå ïîêàçàòåëè ïðîäóêòèâíîñòè ïòèöû

Ïîêàçàòåëü Ëèíèÿ Ã-2 Ëèíèÿ À

ßéöåíîñêîñòü
Ìàññà ÿéöà, ã
   30 íåä
   52 íåä
Âîçðàñò ñíåñåíèÿ ïåðâîãî ÿéöà, äíè
Äîñòèæåíèå 50%-íîé èíòåíñèâíîñòè ÿéöåêëàäêè, äíè
Îïëîäîòâîðåííîñòü, %
Ñîõðàííîñòü, %

  150–160

  58,5–60,5
  64,5–65,7
  145–155 
  176–180
  85–90
 95–96

  200–220

  50,0–51,0
   58,0–59,0
  130–135
  155–158
   90–92
   94–96
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Íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè ïðàéìåðîâ

24 bp (PRL) forward 5 -TTTAATATTGGTGGG-
                        TGAAGAGACA-3

                      reverse 5 -ATGCCACTGATCCTC-
                       GAAAACTC-3  [8]

5FA (PRL) forward 5 -AGAGGCAGCCCAGG-
                       CATTTTAC-3

                     reverse 5 -CCTGGGTCTGGTTTG-
                       GAAATTG-3  [12]

GH1       forward 5 -ATCCCCAGGCAAAC-
                       ATCCTC-3

                    reverse 5’-CCTCGACATCCAGCT-
                       CACAT-3’ [13]

ÏÖÐ îñóùåñòâëÿëè ñ ïîìîùüþ ðåàãåíòîâ 
GenPac® PCR Core («Ëàáîðàòîðèÿ Èçîãåí», ÐÔ) 
ñ èñïîëüçîâàíèåì ïðîãðàììèðóåìîãî òåðìî-
öèêëåðà «Òåðöèê» («ÄÍÊ-òåõíîëîãèÿ», ÐÔ). 
Îáúåì êîíå÷íîé ñìåñè ñîñòàâèë 20 ìêë, êîí-
öåíòðàöèÿ Taq ÄÍÊ-ïîëèìåðàçû, äåçîêñè-
íóêëåîçèäòðèôîñôàòîâ è õëîðèäà ìàãíèÿ – 1 u, 
200 ìêÌ, 2,5 ìM ñîîòâåòñòâåííî. Â ñîñòàâ ñìå-
ñè òàêæå âõîäèë ÄÍÊ-ðàñòâîðèòåëü (10 ìêë)
è ïðàéìåðû (5 ìêë, ñ êîíå÷íîé êîíöåíòðà-
öèåé 0,4 ìêÌ). Ïðîãðàììû àìïëèôèêàöèè 
ïðèâåäåíû â òàáë. 2.

Ïðîäóêòû àìïëèôèêàöèè 24 bp (PRL) ðàç-
äåëÿëè â 3%-íîì àãàðîçíîì ãåëå ïðè íàï-
ðÿæåíèè 100 Â â òå÷åíèå 90 ìèí; ïðîäóêòû 
ðåñòðèêöèè 5FA (PRL) – â 2,5%-íîì àãàðîç-
íîì ãåëå ïðè 100 Â â òå÷åíèå 60 ìèí; ïðîäóêòû 
ðåñòðèêöèè GH1 – â 2,5%-íîì àãàðîçíîì 
ãåëå ïðè 90 Â â òå÷åíèå 60 ìèí.

Â ñëó÷àå ñ èíñåðöèåé/äåëåöèåé â ïðîìî-
òîðå ïðîëàêòèíà íà ýëåêòðîôîðåãðàììå ïðåä-
ñòàâëåíû ôðàãìåíòû ðàçìåðîì 130 ï.í., ÷òî 
óêàçûâàåò íà ãåíîòèï D/D; 154 ï.í. – I/I; 130 
è 154 ï.í. – I/D.

Ïðè íàëè÷èè îäíîíóêëåîòèäíîãî ïîëèìîð-
ôèçìà ãåíà ïðîëàêòèíà â ïîëîæåíèè –2402

íà ýëåêòðîôîðåãðàììå ïðåäñòàâëåíû ôðàã-
ìåíòû ðàçìåðîì 160, 144, 81 è 54 ï.í., ÷òî 
óêàçûâàåò íà ãåíîòèï C/C; 304, 81 è 54 ï.í. –
íà ãåíîòèï T/T; 304, 160, 144, 81 è 54 ï.í. – 
íà ãåíîòèï C/T. Â ñëó÷àå ñ ïîëèìîðôèçìîì 
ïî ïåðâîìó èíòðîíó ãîðìîíà ðîñòà íà ýëåê-
òðîôîðåãðàììå ïðåäñòàâëåíû ôðàãìåíòû ðàç-
ìåðîì 539 è 237 ï.í., ÷òî óêàçûâàåò íà ãåíî-
òèï A/A; 392, 237 è 147 ï.í. – íà ãåíîòèï B/B; 
267, 237, 147 è 125 ï.í. – íà ãåíîòèï C/C; 
539, 392, 237 è 147 ï.í. – íà ãåíîòèï A/B; 539, 
267, 237, 147 è 125 ï.í. – íà ãåíîòèï A/C; 392, 
267, 237, 147 è 125 ï.í. – íà ãåíîòèï B/C.

×àñòîòó àëëåëåé ïîëèìîðôíûõ ëîêóñîâ îï-
ðåäåëÿëè ïî ôîðìóëàì ìàêñèìàëüíîãî ïðàâäî-
ïîäîáèÿ [14]

ãäå PA, PB – ÷àñòîòû ñîîòâåòñòâóþùèõ àë-
ëåëåé; nAA, nBB – êîëè÷åñòâî ãîìîçèãîòíûõ 
îñîáåé; nAB – êîëè÷åñòâî ãåòåðîçèãîòíûõ 
îñîáåé; 2N – êîëè÷åñòâî àëëåëåé (óäâîåííîå 
÷èñëî îñîáåé â îáñëåäîâàííîé ãðóïïå).

Óðîâåíü ãåíåòè÷åñêîãî ðàâíîâåñèÿ â ðàñ-
ïðåäåëåíèè ãåíîòèïîâ â ãðóïïàõ îïðåäåëÿëè 
ïî êðèòåðèþ ñîîòâåòñòâèÿ 

ãäå Î – ôàêòè÷åñêè âûÿâëåííîå êîëè÷åñòâî 
îñîáåé îïðåäåëåííîãî ãåíîòèïà; Å – òåîðå-
òè÷åñêè îæèäàåìîå êîëè÷åñòâî îñîáåé.

Óðîâåíü ãåòåðîçèãîòíîñòè â ïðîöåíòàõ îï-
ðåäåëÿëè ïî ôîðìóëå [15]

ãäå          – ñóììà ãåòåðîçèãîò ïî âñåì èçó÷åí-
íûì ëîêóñàì; N – êîëè÷åñòâî îñîáåé, òåñ-

Òàáëèöà 2
Ïðîãðàììû àìïëèôèêàöèè äëÿ ïðîâåäåíèÿ ÏÖÐ

Ïðàéìåðû Äåíàòóðàöèÿ ÎÒÆÈÃ Ýëîíãàöèÿ

24 bp (PRL)
5FA (PRL)

35 ÖÈÊËÎÂ

94 °C (5 ÌÈÍ)
94 °C (5 ÌÈÍ)

94 °C (30 Ñ)
94 °C (30 Ñ)

54 °C (30 Ñ)
62 °C (30 Ñ)

72 °C (30 Ñ)
72 °C (30 Ñ)

72 °C (5 ÌÈÍ)
72 °C (5 ÌÈÍ)

GH1

31 ÖÈÊË

95 °C (4 ÌÈÍ) 94 °C (1 ÌÈÍ) 55 °C (45 Ñ) 72 °C (1 ÌÈÍ) 72 °C (10 ÌÈÍ)
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òèðîâàííûõ â ïîïóëÿöèè; n – êîëè÷åñòâî ëî-
êóñîâ, ïî êîòîðûì ïðîâîäèòñÿ ó÷åò äàííûõ.

Äîñòîâåðíîñòü ðàçëè÷èé ïî ÷àñòîòå àëëå-
ëåé ìåæäó ñðàâíèâàåìûìè ëèíèÿìè îïðåäå-
ëÿëè ïî óãëó  [16]. Ñòàíäàðòíûå çíà÷åíèÿ 
êðèòåðèÿ  (F ) äëÿ òðåõ óðîâíåé âåðîÿòíîñ-
òè ïðè ÷èñëå ñòåïåíåé ñâîáîäû 1 = 1 è 2 = 
= 198 ïðèíÿòû 3,8; 6,8 è 11,2 äëÿ P  0,05; 
0,01 è 0,001 ñîîòâåòñòâåííî.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Íà ðèñ. 1 è 2 ïðåäñòàâëåíû ýëåêòðîôîðå-
ãðàììû ïðîäóêòîâ ÏÖÐ ó÷àñòêà ïðîìîòîðà 
ïðîëàêòèíà â äâóõ ëèíèÿõ êóð.

×àñòîòû àëëåëåé I è D â ïîïóëÿöèÿõ êóð 
ìÿñî-ÿè÷íîãî (ëèíèÿ Ã-2) è ÿè÷íîãî (ëèíèÿ 
À) íàïðàâëåíèé ïðîäóêòèâíîñòè ñóùåñòâåí-
íî ðàçëè÷àþòñÿ (òàáë. 3).

Òàê, ó ìÿñî-ÿè÷íîé ïòèöû ëèíèè Ã-2 ïî-
äàâëÿþùåå áîëüøèíñòâî îñîáåé ñîäåðæàò äå-
ëåöèþ â ãîìîçèãîòíîì èëè ãåòåðîçèãîòíîì 
ñîñòîÿíèè (ñîîòâåòñòâåííî 76 è 21 îñîáü), 
ïðè ýòîì êîëè÷åñòâî ãîìîçèãîò ïî èíñåð-
öèè – âñåãî 3. Ó ÿè÷íîé ïòèöû ëèíèè À 
êîëè÷åñòâî ãîìîçèãîò è ãåòåðîçèãîò ïî èí-
ñåðöèè ñîîòâåòñòâåííî 50 è 46 îñîáåé, â òî
âðåìÿ êàê êîëè÷åñòâî ãîìîçèãîò ïî äåëå-
öèè – 4. Ðàçëè÷èÿ ïî ÷àñòîòå àëëåëåé â ëèíèÿõ 
â âûñøåé ñòåïåíè äîñòîâåðíû. Â ëèíèè Ã-2 
âûÿâëåíî ïîíèæåííîå êîëè÷åñòâî ãåòåðîçèãîò 
ïî ñðàâíåíèþ ñ òåîðåòè÷åñêè îæèäàåìûì, à â 
ëèíèè À – ïîâûøåííîå, îäíàêî ãåíåòè÷åñêîå 
ðàâíîâåñèå íå íàðóøåíî.

Ðèñ. 1. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ÏÖÐ ïðî-
ìîòîðà ïðîëàêòèíà ó êóð ëèíèè Ã-2: 1–11 – íîìåðà 
ëóíîê; Ì – ìàðêåð ìîëåêóëÿðíûõ ìàññ Ì-50; 
ÍÊ – íåãàòèâíûé êîíòðîëü; D/D – äåëåöèÿ/äåëå-
öèÿ; I/I – èíñåðöèÿ/èíñåðöèÿ; I/D – èíñåðöèÿ/

äåëåöèÿ

Ðèñ. 2. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ÏÖÐ ïðî-
ìîòîðà ïðîëàêòèíà ó êóð ëèíèè À: 1–11 – íîìåðà 
ëóíîê; Ì – ìàðêåð ìîëåêóëÿðíûõ ìàññ Ì-50; D/D –
äåëåöèÿ/äåëåöèÿ; I/I – èíñåðöèÿ/èíñåðöèÿ; I/D – 

èíñåðöèÿ/äåëåöèÿ

Òàáëèöà 3 
Ãåíåòè÷åñêàÿ ñòðóêòóðà ëèíèé ïòèöû ïî ëîêóñó ïðîëàêòèíà (24 indel)

Ïðèìå÷àíèå. *, **, *** Â òàáë. 3–5 äîñòîâåðíîñòü ðàçëè÷èé ìåæäó ëèíèÿìè Ð < 0,05, Ð < 0,01, Ð < 0,001 
ñîîòâåòñòâåííî.

Ïîêàçàòåëü
Ëèíèÿ Ã-2 Ëèíèÿ À

Î Å (Î Å)2/Å 2 Î Å (Î Å)2/Å 2

Ãåíîòèï
I/I
I/D
D/D

Àëëåëè (÷àñòîòà àëëåëåé è 
äîñòîâåðíîñòü ðàçëè÷èé)

I
D

 3 ***
21 ***
76 ***

0,135 ***
0,865 ***

  1,82
23,36
74,82

0,77
0,24
0,02

F  = 84,02

1,03
50
46
4

0,730
0,270

53,29
39,42
7,29

0,20
1,10
1,48

2,78
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Òîò ôàêò, ÷òî â ëèíèè A ïî ñðàâíåíèþ 
ñ ëèíèåé Ã-2 èìååòñÿ çíà÷èòåëüíî áîëüøåå 
êîëè÷åñòâî îñîáåé ñ âûñîêîé ÷àñòîòîé àëëåëÿ 
², ñîãëàñóåòñÿ ñ äàííûìè ðàçëè÷íûõ àâòîðîâ 
î ïîëîæèòåëüíîé àññîöèàòèâíîé ñâÿçè ýòî-
ãî àëëåëÿ è ÿè÷íîé ïðîäóêòèâíîñòüþ [9]. 
Ïðåäïîëàãàåìûé ìåõàíèçì ñâÿçè èíñåðöèè 
â 24 ï.í. â ïðîìîòîðíîì ó÷àñòêå ãåíà ïðî-
ëàêòèíà ñ ÿè÷íîé ïðîäóêòèâíîñòüþ ïòèöû 
ñâÿçàí ñ âîçìîæíûìè èçìåíåíèÿìè âî âçàèìî-
äåéñòâèè ñ ôàêòîðàìè àêòèâàöèè òðàíñêðèï-
öèè, ÷òî ñîîòâåòñòâåííî ïðèâîäèò ê èçìå-
íåíèÿì â õàðàêòåðå ïðîÿâëåíèÿ ôåíîòèïè-
÷åñêèõ ïðèçíàêîâ (ÿéöåíîñêîñòüþ) [17].

Íà ðèñ. 3 è 4 ïðåäñòàâëåíû ýëåêòðîôîðå-
ãðàììû ïðîäóêòîâ ðåñòðèêöèè ôðàãìåíòà ãå-
íà ïðîëàêòèíà (C-2402T).

×àñòîòû àëëåëåé C è T â äâóõ ëèíèÿõ êóð 
õàðàêòåðèçóþòñÿ ðÿäîì ñóùåñòâåííûõ ðàç-
ëè÷èé (òàáë. 4). 

Ãåíåòè÷åñêàÿ õàðàêòåðèñòèêà ëèíèé ïî ÷àñ-
òîòå îäíîíóêëåîòèäíûõ çàìåí â ïîëîæåíèè 
–2402 ãåíà ïðîëàêòèíà â ñðàâíèâàåìûõ ëè-
íèÿõ ïòèöû íåçíà÷èòåëüíî îòëè÷àåòñÿ îò ãå-
íåòè÷åñêîé ñòðóêòóðû ïî íàëè÷èþ èíñåðöèè/
äåëåöèè. Â ëèíèè A ïî ñðàâíåíèþ ñ Ã-2 íå-
ñêîëüêî óâåëè÷åíî êîëè÷åñòâî ãåòåðîçèãîò è 
óìåíüøåíî êîëè÷åñòâî ãîìîçèãîò, îäíàêî ãå-
íåòè÷åñêîå ðàâíîâåñèå íå íàðóøåíî. Ðàçëè-
÷èÿ ìåæäó ëèíèÿìè ïî ÷àñòîòå îäíîèìåííûõ 
àëëåëåé â âûñøåé ñòåïåíè äîñòîâåðíû (P < 
< 0,001).

Íà ðèñ. 5 è 6 ïðåäñòàâëåíû ýëåêòðîôîðå-
ãðàììû ïðîäóêòîâ ðåñòðèêöèè ïåðâîãî èíò-

ðîíà ãåíà ãîðìîíà ðîñòà. Ïî ðàñïðåäåëåíèþ 
ãåíîòèïîâ è ÷àñòîòå àëëåëåé ãîðìîíà ðîñòà 
ëèíèè ìåæäó ñîáîé òàêæå îòëè÷àþòñÿ, îäíà-

Ðèñ. 3. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè 
ôðàãìåíòà ãåíà ïðîëàêòèíà ó êóð ëèíèè Ã-2: 
1–12 – íîìåðà ëóíîê; Ì-50 – ìàðêåð ìîëåêóëÿð-

íûõ ìàññ; C/C, C/T è T/T – ãåíîòèïû

Ðèñ. 4. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè 
ôðàãìåíòà ãåíà ïðîëàêòèíà ó êóð ëèíèè À: 
1–12 – íîìåðà ëóíîê; Ì-50 – ìàðêåð ìîëåêóëÿð-

íûõ ìàññ; C/C, C/T è T/T – ãåíîòèïû

Òàáëèöà 4
Ãåíåòè÷åñêàÿ ñòðóêòóðà ëèíèé ïòèöû ïî íàëè÷èþ îäíîíóêëåîòèäíîãî ïîëèìîðôèçìà â ëîêóñå ïðîëàêòèíà

Ïîêàçàòåëü
Ëèíèÿ Ã-2 Ëèíèÿ À

Î Å (Î Å)2/Å 2 Î Å (Î Å)2/Å 2

Ãåíîòèïû
C/C
C/T
T/T

Àëëåëè (÷àñòîòà àëëåëåé è 
äîñòîâåðíîñòü ðàçëè÷èé)

C
T

 2 ***
27 ***
71 ***

0,155 ***
0,845 ***

  2,40
26,20
71,40

0,067
0,024
0,002

F  = 81,10

0,093
52
45
3

0,745
0,255

55,50
38,00
6,50

0,22
1,29
1,88

3,39
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êî ýòè ðàçëè÷èÿ íå ñòîëü âûðàæåíû, êàê â 
ñëó÷àå ñ 24 bp (PRL) è 5FA (PRL) (òàáë. 5). 
Â îáåèõ ëèíèÿõ êóð ñðåäè ãîìîçèãîò ñ 
íàèáîëüøåé ÷àñòîòîé âñòðå÷àåòñÿ ãåíîòèï 
À/À, ïðè ýòîì êîëè÷åñòâî òàêèõ îñîáåé 
â ëèíèè A â äâà ðàçà âûøå, ÷åì â Ã-2 
(ðàçëè÷èÿ äîñòîâåðíû ïðè P < 0,001). Êî-
ëè÷åñòâî ãîìîçèãîò B/B â ëèíèÿõ êóð äîñ-
òîâåðíî íå ðàçëè÷àåòñÿ, à ãîìîçèãîò C/C – 
èäåíòè÷íî. Ïî ÷àñòîòå ãåòåðîçèãîò ëèíèè îò-
ëè÷àþòñÿ â çíà÷èòåëüíî áîëüøåé ìåðå. Òàê, 
â ëèíèè Ã-2 êîëè÷åñòâî ãåòåðîçèãîòíûõ îñî-
áåé À/Â äîñòîâåðíî áîëüøå (ïðè P < 0,05), 
à ãåòåðîçèãîò À/Ñ – ìåíüøå (P < 0,01), ÷åì 
â ëèíèè À. Ãåòåðîçèãîòû Â/Ñ â ëèíèè À âîîá-
ùå îòñóòñòâóþò, ÷òî ìîæåò áûòü ñâèäåòåëü-
ñòâîì äàâëåíèÿ îòáîðà ïðîòèâ ýòîãî ãåíîòèïà.

Àíàëèç ôàêòè÷åñêîãî è òåîðåòè÷åñêîãî 
ðàñïðåäåëåíèé îñîáåé ðàçíûõ ãåíîòèïîâ â 
ëèíèÿõ êóð âûÿâèë îòñóòñòâèå íàðóøåíèÿ 
ãåíåòè÷åñêîãî ðàâíîâåñèÿ â ëèíèè Ã-2 è ñòà-
òèñòè÷åñêè çíà÷èìîå îòêëîíåíèå îò ðàâíî-
âåñíîãî ðàñïðåäåëåíèÿ â ëèíèè À (P < 0,001). 
Î÷åâèäíî, ðàçëè÷èÿ â íàïðàâëåíèè ñåëåê-
öèè è åå èíòåíñèâíîñòè îêàçûâàþò ñóùåñò-
âåííîå âëèÿíèå íà ãåíåòè÷åñêóþ ñòðóêòóðó 
ëèíèé ïòèöû.

Ñîãëàñíî ëèòåðàòóðíûì èñòî÷íèêàì íàëè-
÷èå àëëåëÿ C (GH1) õàðàêòåðíî äëÿ ëîêàëüíûõ 
ïîïóëÿöèé êóð Êèòàÿ [18]. Â êîììåð÷åñêèõ 
ëèíèÿõ êóð, òàêèõ êàê áåëûé ëåããîðí, ÷àñòîòà 
àëëåëÿ C (GH1) ðàâíà íóëþ, â òî âðåìÿ êàê 
÷àñòîòà àëëåëÿ A äîñòèãàåò 0,95, àëëåëÿ B – 

Ðèñ. 5. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè 
ïåðâîãî èíòðîíà ãåíà ãîðìîíà ðîñòà ó êóð ëèíèè 
Ã-2: 1–11 – íîìåðà ëóíîê; Ì-50 – ìàðêåð 
ìîëåêóëÿðíûõ ìàññ; A/A, B/B, C/C, A/B, A/C è 

B/C – ãåíîòèïû

Ðèñ. 6. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ ðåñòðèêöèè 
ïåðâîãî èíòðîíà ãåíà ãîðìîíà ðîñòà ó êóð ëè-
íèè A: 1–11 – íîìåðà ëóíîê; Ì-50 – ìàðêåð 
ìîëåêóëÿðíûõ ìàññ; A/A, B/B, C/C, A/B, A/C – 

ãåíîòèïû 

Òàáëèöà 5
Ãåíåòè÷åñêàÿ ñòðóêòóðà ëèíèé ïòèöû ïî ëîêóñó ãîðìîíà ðîñòà

Ïîêàçàòåëü
Ëèíèÿ Ã-2 Ëèíèÿ À

Î Å (Î Å)2/Å 2 Î Å (Î Å)2/Å 2

Ãåíîòèïû
A/A
B/B
C/C
A/B
A/C
B/C

Àëëåëè (÷àñòîòà àëëåëåé è 
äîñòîâåðíîñòü ðàçëè÷èé)

A
B
C

20 ***
13
2

35 *
12 **
18 ***

0,435 ***
0,395 ***
0,170

18,92
15,60
  2,89
34,37
14,79
13,43

0,06
0,43
0,27
0,01
0,53
1,56

F  = 11,39
F  = 14,38

F  = 0

2,86

42
6
2
20
30

0,670
0,160
0,170

44,89
2,56
2,89
21,44
22,78
5,44

0,19
4,62
0,27
0,10
2,29
5,44

12,91
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0,05, ÷òî ñâÿçàíî ñ ïðîâåäåíèåì èíòåíñèâíîé 
ñåëåêöèè íà ïîâûøåííóþ ÿè÷íóþ ïðîäóê-
òèâíîñòü. Íàëè÷èå àëëåëÿ C (GH1) â èçó-
÷åííûõ íàìè ëèíèÿõ êóð ïîêàçûâàåò íåîá-
õîäèìîñòü ïðîâåäåíèÿ äàëüíåéøåé ñåëåêöèè
â íàïðàâëåíèè óâåëè÷åíèÿ ÿè÷íîé ïðîäóê-
òèâíîñòè, ÷òî ïîçâîëèò áîëåå ýôôåêòèâíî 
ðàñêðûòü ãåíåòè÷åñêèé ïîòåíöèàë ïòèöû.

Ãåíåòè÷åñêîå ðàññòîÿíèå ìåæäó ëèíèÿìè, 
âû÷èñëåííîå ïî ôîðìóëå, êîòîðàÿ ïðåäëîæå-
íà Sokal et al. [19], ñîñòàâèëî 0,465, ÷òî ñâè-
äåòåëüñòâóåò î äîñòàòî÷íî âûñîêîì ðàçëè÷èè 
ìåæäó íèìè è ñîãëàñóåòñÿ ñ ôàêòè÷åñêèìè 
äàííûìè. Óðîâåíü ãåòåðîçèãîòíîñòè (Íå) â 
ëèíèÿõ Ã-2 è A ñîñòàâèë 37,7 è 47,0 % ñîîò-
âåòñòâåííî. Ðàçëè÷èÿ ìåæäó ëèíèÿìè íåäî-
ñòîâåðíû.

Âûâîäû. Ïðè èçó÷åíèè ãåíåòè÷åñêîé ñòðóê-
òóðû äâóõ ëèíèé êóð óêðàèíñêîé ñåëåêöèè 
ðàçëè÷íîãî íàïðàâëåíèÿ ïðîäóêòèâíîñòè (ÿè÷-
íîãî è ìÿñî-ÿè÷íîãî) ïî ãåíàì ïðîëàêòèíà 
è ãîðìîíà ðîñòà îïðåäåëåí âûñîêèé óðîâåíü 
ïîëèìîðôèçìà. Â ðåçóëüòàòå ïðîâåäåííûõ 
èññëåäîâàíèé â îáåèõ ëèíèÿõ êóð ïî ëîêó-
ñó ãîðìîíà ðîñòà âûÿâëåí àëëåëü C, ðàíåå
õàðàêòåðíûé òîëüêî äëÿ ëîêàëüíûõ ïîïóëÿ-
öèé Êèòàÿ. Ïîêàçàíî, ÷òî ëèíèè êóð ðàçëè÷-
íîãî íàïðàâëåíèÿ ïðîäóêòèâíîñòè äîñòîâåð-
íî ðàçëè÷àþòñÿ ïî ÷àñòîòàì àëëåëåé ïðî-
ëàêòèíà è ãîðìîíà ðîñòà. Óñòàíîâëåíî, ÷òî 
ïîâûøåííûå ÷àñòîòû àëëåëåé I (24 indel), C 
(C-2402T) è A (GH1) ñîîòâåòñòâóþò ÿè÷íîìó 
íàïðàâëåíèþ ïðîäóêòèâíîñòè ïòèöû.

R.O. Kulibaba, O.P. Podstreshnyi

POLYMORPHISM OF PROLACTIN AND 
GROWTH HORMONE GENES IN CHICKEN 

LINES OF UKRAINIAN SELECTION

Polymorphism of prolactin and growth hormone 
genes in two Ukrainian breeding chicken lines of meat-
laying (G-2) and eggs performance (A) direction of 
productivity was studied. Polymorphism of the 24 bp 
insertion/deletion in the promoter region of prolactin 
gene, SNP in the –2402 position of the prolactin gene, 
the first intron of the growth hormone gene was inves-
tigated. Frequencies of I and D alleles in line G-2 and 
line A were 0,135, 0,865 and 0,730, 0,270; frequencies 
of C and T alleles – 0,155, 0,845 and 0,745, 0,255; 
frequencies of A, B and C alleles – 0,435, 0,395, 0,170 
and 0,670, 0,160, 0,170 respectively. The results indi-

cate that high frequency of I, C and A alleles in line A 
corresponds to the egg performance direction.

Ð.Î. Êóë³áàáà, Î.Ï. Ïîäñòðºøíèé

ÏÎË²ÌÎÐÔ²ÇÌ ÃÅÍ²Â ÏÐÎËÀÊÒÈÍÓ 
ÒÀ ÃÎÐÌÎÍÀ ÐÎÑÒÓ Â Ë²Í²ßÕ ÊÓÐÅÉ 

ÓÊÐÀ¯ÍÑÜÊÎ¯ ÑÅËÅÊÖ²¯

Âèâ÷åíî ïîë³ìîðô³çì ãåí³â ïðîëàêòèíó òà ãîð-
ìîíà ðîñòó â äâîõ ë³í³ÿõ êóðåé óêðà¿íñüêî¿ ñå-
ëåêö³¿ ì’ÿñî-ÿº÷íîãî (Ã-2) òà ÿº÷íîãî (A) íàï-
ðÿìê³â ïðîäóêòèâíîñò³. Âèâ÷åíî ïîë³ìîðô³çì çà 
íàÿâíîñò³ ³íñåðö³¿ â ïðîìîòîð³ ãåíà ïðîëàêòèíó, 
îäíîíóêëåîòèäíèì ïîë³ìîðô³çìîì (SNP, çàì³íà 
C íà T â ïîëîæåíí³ –2402) ãåíà ïðîëàêòèíó, 
ïåðøèì ³íòðîíîì ãåíà ãîðìîíà ðîñòó. ×àñòîòà 
àëåë³â I òà D ó êóðåé ë³í³¿ Ã-2 ñòàíîâèòü 0,135 ³ 
0,865, ó êóðåé ë³í³¿ A – 0,730 ³ 0,270; àëåë³â C ³ 
T – 0,155, 0,845 ³ 0,745, 0,255; àëåë³â A, B ³ C – 
0,435, 0,395, 0,170 ³ 0,670, 0,160, 0,170 â³äïîâ³äíî. 
Âèÿâëåíî, ùî ï³äâèùåíà ÷àñòîòà àëåë³â I, C ³ 
A â ë³í³¿ A â³äïîâ³äàº ÿº÷íîìó íàïðÿìêó ïðî-
äóêòèâíîñò³ ïòèö³.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Dodgson J.B., Cheng H.H., Okimoto R. DNA mark-
er technology: a revolution in animal genetics // 
Poultry Sci. – 1997. – 76. – P. 1108–1114.

2. Teneva A. Molecular markers in animal genome 
analysis // Biotechnol. Anim. Husbandry. – 
2009. – 25. – P. 1267–1284.

3. Kansaku N., Hiyama G., Sasanami T., Zadworny D. 
Prolactin and growth hormone in birds: protein 
structure, gene structure and genetic variation // 
J. Poultry Sci. – 2008. – 45. – P. 1–6.

4. El Halawani M.E., Silsby J.L., Behnke E.J., Feh-
rer S.C. Hormonal induction of incubation behavior 
in ovarioectomized female turkeys (Meleagris gal-
lopavo) // Biol. Reprod. – 1986. – 35. – P. 59–67.

5. Reddy I.J., David C.G., Raju S.S. Chemical con-
trol of prolactin secretion and it’s effect on pause 
days, egg production and steroid hormone con-
centration in Girirani birds // Int. J. Poultry 
Sci. – 2006. – 5, ¹ 7. – P. 685–692.

6. Klein-Hessling H. Managing incubation behavior 
and broodiness // World Poultry. – 2007. – 23, 
¹ 2. – P. 26–27.

7. Liang Y., Cui J., Yang G., Leung F.C.C., Zhang X. 
Polymorphisms of 5’ flanking region of chicken 
prolactin gene // Domestic Anim. Endocrinol. – 
2006. – 30. – P. 1–16.

8. Cui J.-X., Du H.-L., Liang Y., Deng X.-M., Li N., 
Zhang X.-Q. Association of polymorphisms in the 
promoter region of chicken prolactin with egg pro-
duction // Poultry Sci. – 2006. – 85. – P. 26–31.



82

Ð.À. Êóëèáàáà, À.Ï. Ïîäñòðåøíûé

ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 6

9. Begli H.E., Zerehdaran S., Hassani S., Abbasi M.,
Ahmadi K.A. Polymorphism in prolactin and 
PEPCK-C genes and its association with econom-
ic traits in native fowl of Yazd province // Iran. 
J. Biotechnol. – 2010. – 8, ¹ 3. – P. 172–177.

10. Enayati B., Rahimi-Mianji G. Genomic growth 
hormone, growth hormone receptor and trans-
forming growth factor -3 gene polymorphism in 
breeder hens of Mazandaran native fowls // Afr. J. 
Biotechnol. – 2009. – 8, ¹ 14. – P. 3154–3159.

11. Nie Q., Ip S.C.Y., Zhang X., Leung F.C., Yang G. 
New variations in intron 4 of growth hormone gene 
in Chinese native chickens // J. Hered. – 2002. – 
93, ¹ 4. – P. 277–279.

12. Alipanah M., Shojaian K., Bandani H.K. The poly-
morphism of prolactin gene native chicken Zabol 
region // J. Anim. and Veter. Adv. – 2010. – 9,
¹ 24. – P. 3005–3007.

13. Feng X.P., Kuhnlein U., Aggrey S.E., Gavora J.S., 
Zadworny D. Trait association of genetic markers 
in the growth hormone and the growth hormone 
receptor gene in a white Leghorn strain // Poultry 
Sci. – 1997. – 76. – P. 1770–1775.

14. Ìåðêóðüåâà Å. Ê. Ãåíåòè÷åñêèå îñíîâû ñåëåêöèè 
â ñêîòîâîäñòâå. – Ì.: Êîëîñ, 1977. – 240 ñ.

15. Àéàëà Ô. Ââåäåíèå â ïîïóëÿöèîííóþ è ýâî-
ëþöèîííóþ ãåíåòèêó. – Ì.: Ìèð, 1984. – 232 ñ.

16. Ïîäñòðºøíèé Î.Ï., Òåðåùåíêî Î.Â., Òêà÷èê Ò.Å., 
Ïîäñòðºøíà ².Î., ²ùåíêî Þ.Á. Ãåíåòè÷íà ³äåí-
òèô³êàö³ÿ ³ ïàñïîðòèçàö³ÿ ïîð³ä ³ ë³í³é ïòèö³ : 
Ìåòîä. ðåêîìåíäàö³¿. – Á³ðêè, 2009. – 76 ñ.

17. Jiang R.-S., Xu G.-Y., Zhang X.-Q. Association of 
polymorphisms for prolactin and prolactin recep-
tor genes with broody traits in chickens // Poultry
Sci. – 2005. – 84. – P. 839–845.

18. Ip S.C.Y., Zhang X., Leung F.C. Genomic growth 
hormone gene polymorphisms in native Chi-
nese chickens // Exp. Biol. Med. – 2001. – 226, 
¹ 5. – P. 458–462.

19. Sokal R., Sneeth P.H.A. Principles of numerical 
taxonomy. – San Francisco etc.: W.H. Frumona 
and Company, 1963. – 362 p.

Ïîñòóïèëà 28.09.11



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


