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INFLUENCE OF -824 A/G POLYMORPHISM
IN THE TUMOR NECROSIS FACTOR-ALPHA GENE

ON MILK PERFORMANCE TRAITS IN RED STEPPE CATTLE

The influence of -824 A/G polymorphism in the TNF-� gene on milk performance traits in Red
Steppe cattle was studied. The tumor necrosis factor-alpha (TNF-�) gene encodes a pleiotropic
cytokine that plays a critical role in immune response and mammary gland development. Recently, it
was found that TNF-� -824 A/G gene polymorphism in cattle is associated with recovery of ovarian
activity postpartum and with the reproductive efforts of cows over the course of lactation events
depending on the sex of progeny. Among the 148 animals sampled, genotype frequencies of G/G, G/A,
and A/A were 56, 38, and 6%, respectively, where frequency of allele G was 75%, and frequency of
allele A was 25%. Milk yield, milk fat yield, and milk protein yield for third lactation were significantly
higher in heterozygotes G/A compared to G/G homozygotes (10%, 9%, and 11%, respectively). No
significant associations were found for other milk performance traits (milk yield, milk fat yield, and milk
protein yield for first lactation, highest lactation, and average yield for all lactations).

Keywords: Red Steppe cattle, polymorphism, tumor necrosis factor-alpha, TNF-�, milk
production, DNA marker.
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Â ÂÎËÎÑÅ ÃÅÐÅÔÎÐÄÑÊÎÃÎ ÑÊÎÒÀ

Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ êîíöåíòðàöèè àëþìèíèÿ, êîáàëüòà, ìåäè, íèêåëÿ,
òèòàíà è æåëåçà â âîëîñå ó áûêîâ ãåðåôîðäñêîé ïîðîäû â âîçðàñòå 17–18 ìåñ, âûðàùåííûõ â óñ-
ëîâèÿõ Çàïàäíîé Ñèáèðè. Äëÿ àíàëèçà îòîáðàíî 17 îáðàçöîâ âîëîñà æèâîòíûõ. Óðîâåíü õèìè÷å-
ñêèõ ýëåìåíòîâ â âîëîñå îïðåäåëÿëè ìåòîäîì àòîìíî-ýìèññèîííîãî ñïåêòðàëüíîãî àíàëèçà.
Àíàëèç ïðîâîäèëè íà äâóõñòðóéíîì äóãîâîì ïëàçìîòðîíå «Ôàêåë» è ìíîãîêàíàëüíîì àòîì-
íî-ýìèññèîííîì ñïåêòðîìåòðå «Ãðàíä». Óñòàíîâëåíà èçáèðàòåëüíîñòü â àêêóìóëèðîâàíèè õè-
ìè÷åñêèõ ýëåìåíòîâ â âîëîñå. Êîíöåíòðàöèþ ñîäåðæàíèÿ òÿæåëûõ ìåòàëëîâ â âîëîñå ìîæíî
èçîáðàçèòü â âèäå ðàíæèðîâàííîãî ðÿäà: êîáàëüò < íèêåëü < òèòàí < ìåäü <àëþìèíèé < æåëåçî â
ñîîòíîøåíèè 1 : 2,5 : 4,6 : 42,8 : 94 : 278,7. Âûÿâëåí ðÿä ïîëîæèòåëüíûõ êîððåëÿöèé ìåæäó ïàðà-
ìè ýëåìåíòîâ. Óñòàíîâëåíû çíà÷èòåëüíûå ðàçëè÷èÿ ìåæäó îòäåëüíûìè æèâîòíûìè ïî ñïîñîá-
íîñòè àêêóìóëèðîâàòü àëþìèíèé è òèòàí â âîëîñå. Óðîâåíü àëþìèíèÿ â âîëîñå õàðàêòåðèçóåòñÿ
âûñîêîé ôåíîòèïè÷åñêîé èçìåí÷èâîñòüþ, êîíöåíòðàöèÿ ìåäè – îòíîñèòåëüíî íèçêîé.

Êëþ÷åâûå ñëîâà: ãåðåôîðäñêèé ñêîò, êîððåëÿöèÿ, õèìè÷åñêèé ýëåìåíò, òÿæåëûå ìå-
òàëëû.
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Â ÕÕI â. àíòðîïîãåííîå çàãðÿçíåíèå îêðóæàþùåé ñðåäû òîêñèêàíòà-
ìè, â òîì ÷èñëå òÿæåëûìè ìåòàëëàìè, ñòàëî óãðîçîé äëÿ âñåõ æèâûõ îðãà-
íèçìîâ [1]. Ïðèñóòñòâèå ìåòàëëîâ â îïðåäåëåííûõ êîíöåíòðàöèÿõ åñòåñò-
âåííî äëÿ îêðóæàþùåé ñðåäû, îíè ó÷àñòâóþò âî ìíîãèõ ýíçèìàòè÷åñêèõ
ðåàêöèÿõ â æèçíåäåÿòåëüíîñòè îðãàíèçìîâ, ïîýòîìó íåäîñòàòîê äàííûõ
ýëåìåíòîâ â íåêîòîðûõ ñëó÷àÿõ ñòîëü æå âðåäåí, êàê è èçáûòîê [2–4]. Êîì-
ïëåêñíóþ îöåíêó èíòåðüåðà ñåëüñêîõîçÿéñòâåííûõ æèâîòíûõ ïî ñîäåðæà-
íèþ õèìè÷åñêèõ ýëåìåíòîâ, ãåìàòîëîãè÷åñêèì, áèîõèìè÷åñêèì, èììóíî-
ëîãè÷åñêèì è äðóãèì ïîêàçàòåëÿì íåîáõîäèìî ïðîâîäèòü äëÿ îáåñïå÷åíèÿ
âûñîêîé ïðîäóêòèâíîñòè æèâîòíûõ, çäîðîâüÿ è ýêîëîãè÷åñêîé áåçîïàñíî-
ñòè ïîëó÷àåìîé ïðîäóêöèè [4, 5]. Âàæíî îòìåòèòü, ÷òî äî íàñòîÿùåãî âðå-
ìåíè íåò îôèöèàëüíî ïðèçíàííûõ íàöèîíàëüíûõ äèàïàçîííûõ çíà÷åíèé
íè ïî îäíîìó õèìè÷åñêîìó ýëåìåíòó â âîëîñå ÷åëîâåêà è æèâîòíûõ ñ ó÷å-
òîì íàïðàâëåíèÿ ïðîäóêòèâíîñòè, ïîðîäíîé ïðèíàäëåæíîñòè è ýêîëîãè-
÷åñêèõ óñëîâèé [6, 7].

Âîëîñ ñåëüñêîõîçÿéñòâåííûõ æèâîòíûõ ìîæåò ñëóæèòü áèîìàðêåðîì
àíòðîïîãåííîãî çàãðÿçíåíèÿ áèîãåîöåíîçîâ [8] è èíäèêàòîðîì äåôèöèòà
èëè èçáûòêà õèìè÷åñêèõ ýëåìåíòîâ â îðãàíèçìå æèâîòíûõ [9, 10]. Â ðÿäå
ðàáîò ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ âîëîñà â êà÷åñòâå áèîèíäèêà-
òîðà íàêîïëåíèÿ òÿæåëûõ ìåòàëëîâ â íåêîòîðûõ îðãàíàõ è òêàíÿõ [11, 12].

Öåëü èññëåäîâàíèÿ – îïðåäåëèòü ñðåäíèå ðåôåðåíñíûå çíà÷åíèÿ àëþ-
ìèíèÿ, êîáàëüòà, ìåäè, íèêåëÿ, òèòàíà è æåëåçà, èçó÷èòü èçìåí÷èâîñòü è
ñâÿçè ìåæäó õèìè÷åñêèìè ýëåìåíòàìè â âîëîñå êðóïíîãî ðîãàòîãî ñêîòà
ãåðåôîðäñêîé ïîðîäû.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈÉ

Èññëåäîâàíèÿ ïðîâåäåíû íà áàçå àíàëèòè÷åñêîé ëàáîðàòîðèè Èíñòè-
òóòà íåîðãàíè÷åñêîé õèìèè èì. À.Â. Íèêîëàåâà Ñèáèðñêîãî îòäåëåíèÿ
ÐÀÍ. Îáúåêòîì èññëåäîâàíèÿ ñòàëè áû÷êè ãåðåôîðäñêîé ïîðîäû â âîçðàñ-
òå 18 ìåñ, âûðàùåííûå â õîçÿéñòâàõ Íîâîñèáèðñêîé îáëàñòè. Âñå æèâîò-
íûå íà ìîìåíò óáîÿ áûëè çäîðîâû. Äëÿ èññëåäîâàíèÿ âçÿòû îáðàçöû
âîëîñà îò 17 æèâîòíûõ. Õèìè÷åñêèå ýëåìåíòû îïðåäåëÿëè ñ ïîìîùüþ
àòîìíî-ýìèññèîííîãî ñïåêòðàëüíîãî àíàëèçà. Àíàëèç ïðîâîäèëè íà äâóõ-
ñòðóéíîì äóãîâîì ïëàçìîòðîíå «Ôàêåë» è ìíîãîêàíàëüíîì àòîìíî-ýìèñ-
ñèîííîì ñïåêòðîìåòðå «Ãðàíä» ïðîèçâîäñòâà ÎÎÎ «ÂÌÊ-îïòîýëåêòðîíè-
êà» (Ðîññèÿ).

Ïîëó÷åííûå äàííûå îáðàáîòàíû ìåòîäîì îïèñàòåëüíîé ñòàòèñòèêè íà
ïåðñîíàëüíîì êîìïüþòåðå ñ èñïîëüçîâàíèåì ïðîãðàììû Microsoft Excel.

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Óñòàíîâëåíà çíà÷èòåëüíàÿ ðàçíîñòü â íàêîïëåíèè õèìè÷åñêèõ ýëå-
ìåíòîâ â âîëîñå æèâîòíûõ (òàáë. 1).

Âûÿâëåíû çíà÷èòåëüíûå ðàçëè÷èÿ ìåæäó îòäåëüíûìè æèâîòíûìè ïî
ñïîñîáíîñòè àêêóìóëèðîâàòü àëþìèíèé è òèòàí â âîëîñå. Óðîâåíü àëþìè-
íèÿ â âîëîñå õàðàêòåðèçóåòñÿ âûñîêîé ôåíîòèïè÷åñêîé èçìåí÷èâîñòüþ, à
êîíöåíòðàöèÿ ìåäè – îòíîñèòåëüíî íèçêîé. Îïðåäåëåííàÿ äîëÿ ôåíîòè-
ïè÷åñêîé èçìåí÷èâîñòè èçó÷åííûõ ýëåìåíòîâ îáóñëîâëåíà íàñëåäñòâåí-
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íîñòüþ. Ðîëü ãåíåòè÷åñêèõ ôàêòîðîâ â èçìåí÷èâîñòè óðîâíÿ òÿæåëûõ
ìåòàëëîâ ïîäòâåðæäåíà â ðÿäå ðàáîò íà îñíîâå ðàçëè÷èé ìåæäó ëèíèÿìè è
ñåìåéñòâàìè [13, 14].

Ðàñïðåäåëåíèå õèìè÷åñêèõ ýëåìåíòîâ ïî ñîäåðæàíèþ â âîëîñå ìîæíî
ïðåäñòàâèòü â âèäå âîçðàñòàþùåãî ðàíæèðîâàííîãî ðÿäà: êîáàëüò < íèêåëü
< òèòàí < ìåäü < àëþìèíèé < æåëåçî â ñîîòíîøåíèè 1 : 2,5 : 4,6 : 42,8 : 94 :
278,7. Èç íåãî âèäíî, ÷òî ó áû÷êîâ â âîëîñå áîëüøå âñåãî íàêàïëèâàåòñÿ
æåëåçî, à ìåíüøå âñåãî – êîáàëüò. Ýòîò ðåçóëüòàò çàêîíîìåðåí, òàê êàê æå-
ëåçî ÿâëÿåòñÿ îäíèì èç ýññåíöèàëüíûõ ìèêðîýëåìåíòîâ, øèðîêî ðàñïðî-
ñòðàíåííûõ â îðãàíèçìå æèâîòíûõ.

Óñòàíîâëåíû ìåæïîðîäíûå ðàçëè÷èÿ íàêîïëåíèÿ íåêîòîðûõ õèìè-
÷åñêèõ ýëåìåíòîâ â âîëîñÿíîì ïîêðîâå ñêîòà. Òàê, ñîäåðæàíèå ìåäè â âî-
ëîñå æèâîòíûõ ãåðåôîðäñêîé ïîðîäû âûøå, ÷åì ó ñêîòà äðóãèõ ïîðîä.
Íàïðèìåð, ó ÷åðíî-ïåñòðîãî ñêîòà, ðàçâîäèìîãî â Íîâîñèáèðñêîé îáëàñ-
òè, îðèåíòèðîâî÷íîå ñðåäíåå ïîïóëÿöèîííîå çíà÷åíèå äëÿ ìåäè ñîñòàâ-
ëÿåò 7,21 ± 0,60 ìã/êã, ó æèâîòíûõ, âûðàùåííûõ â Ðåñïóáëèêå Áåëàðóñü, –
23,45 ± 3,48 ìã/êã, ÷òî ñîîòâåòñòâåííî â 8,4 è 2,6 ðàçà íèæå, ÷åì ó ãåðå-
ôîðäñêîãî ñêîòà (p < 0,001). Ó äðóãèõ ïîðîä êðóïíîãî ðîãàòîãî ñêîòà êîí-
öåíòðàöèÿ ìåäè â âîëîñå òàêæå îêàçàëàñü íèæå, ÷åì ó ãåðåôîðäñêîãî
ñêîòà: ó êðàñíîãî ñòåïíîãî – â 2,2 ðàçà (27,12 ± 3,80 ìã/êã) (p < 0,001),
ÿêóòñêîãî – â 6,7 ðàçà (8,97 ± 0,75) (p < 0,001), àéðøèðñêîãî – â 15 ðàç
(4,03 ± 0,43 ìã/êã) (p < 0,001). Óðîâåíü æåëåçà è ìåäè â äðóãèõ îðãàíàõ
æèâîòíûõ ãåðåôîðäñêîé ïîðîäû çíà÷èòåëüíî íèæå, ÷åì â âîëîñå
(p < 0,001) [15]. Àëþìèíèé â äðóãèõ îðãàíàõ è òêàíÿõ êðóïíîãî ðîãàòîãî
íàêàïëèâàåòñÿ ìåíüøå, ÷åì â âîëîñå, îäíàêî åãî ñîäåðæàíèå â êîñòÿõ
áûëî âûøå (p < 0,001) [16].

Â âîëîñå æèâîòíûõ âûÿâëåí ðÿä ïîëîæèòåëüíûõ êîððåëÿöèé ìåæäó
êîíöåíòðàöèÿìè õèìè÷åñêèõ ýëåìåíòîâ (òàáë. 2). Óðîâåíü àëþìèíèÿ èìå-
åò ñâÿçü ñ êîáàëüòîì, æåëåçîì è òèòàíîì. Âîçìîæíî, ýòî îáúÿñíÿåòñÿ òåì,
÷òî êîáàëüò ÿâëÿåòñÿ îñíîâîïîëàãàþùèì ýëåìåíòîì â ñîñòàâå êîáàëàìè-
íîâ (â ÷àñòíîñòè âèòàìèíà Â12), æåëåçî – â ñîñòàâå ýðèòðîöèòîâ, à òèòàí
îêàçûâàåò âëèÿíèå íà ÷èñëåííîñòü òðîìáîöèòîâ â êðîâè [17]. Èñõîäÿ èç
ýòîãî ìîæíî ïðåäïîëîæèòü, ÷òî àëþìèíèé îêàçûâàåò êîñâåííîå âîçäåéñò-
âèå íà ïðîöåññû êðîâåòâîðåíèÿ.

76

Æèâîòíîâîäñòâî

Ò à á ë è ö à 1
Ñîäåðæàíèå õèìè÷åñêèõ ýëåìåíòîâ â âîëîñå ãåðåôîðäñêîãî ñêîòà, ìã/êã

Õèìè÷åñêèé
ýëåìåíò

X Sx� s ÑV Lim
Îòíîøåíèå

êðàéíèõ âàðè-
àíòîâ

Àëþìèíèé 132,6 ± 29,3 121,0 91,2 25–460 1 : 18,4

Êîáàëüò 1,41 ± 0,29 1,18 83,3 1–5 1 :5,0

Ìåäü 60,35 ± 4,25 17,51 29,0 28–110 1 : 3,9

Íèêåëü 3,51 ± 0,47 1,92 54,7 1,3–9 1 : 6,9

Òèòàí 6,47 ± 1,03 4,24 65,5 1,5–18 1 : 12,0

Æåëåçî 392,9 ± 58,9 242,69 61,8 150–910 1 : 6,1



Àññîöèàöèÿ êîáàëüòà ñ ìåäüþ è æåëåçîì è ñâÿçü ìåæäó ïîñëåäíèìè
ìîæíî òàêæå îáúÿñíèòü èõ âçàèìíûì ó÷àñòèåì â ñèíòåçå è ôóíêöèîíèðî-
âàíèè ýðèòðîöèòîâ [17].

ÂÛÂÎÄÛ

1. Óñòàíîâëåíû ñðåäíèå ïîïóëÿöèîííûå óðîâíè õèìè÷åñêèõ ýëåìåí-
òîâ â âîëîñå æèâîòíûõ ãåðåôîðäñêîé ïîðîäû, êîòîðûå îòëè÷àëèñü îò ðå-
ôåðåíñíûõ çíà÷åíèé, ïîëó÷åííûõ ó äðóãèõ ïîðîä. Â âîëîñå â íàèáîëüøåé
ñòåïåíè àêêóìóëèðóåòñÿ æåëåçî, â ìåíüøåé – êîáàëüò.

2. Îáíàðóæåííàÿ âûñîêàÿ ôåíîòèïè÷åñêàÿ âàðèàáåëüíîñòü óðîâíåé
àëþìèíèÿ, êîáàëüòà, ìåäè, íèêåëÿ, òèòàíà è æåëåçà îòðàæàåò ñëîæíîå
âëèÿíèå ôàêòîðîâ ñðåäû è íàñëåäñòâåííîñòè íà ïðîöåññû èõ äåïîíèðîâà-
íèÿ â âîëîñå.

3. Ìåæäó íåêîòîðûìè õèìè÷åñêèìè ýëåìåíòàìè (àëþìèíèé ñ êîáàëü-
òîì, àëþìèíèé ñ æåëåçîì è àëþìèíèé ñ òèòàíîì) âûÿâëåíû âûñîêèå ïî-
ëîæèòåëüíûå (r = 0,79–0,79) è ñðåäíèå ïî âåëè÷èíå (ìåäü ñ êîáàëüòîì è
ìåäü ñ æåëåçîì, r = 0,65 è 0,67) êîððåëÿöèè, êîòîðûå ìîãóò óêàçûâàòü íà
ñèíåðãè÷åñêîå âçàèìîäåéñòâèå ýòèõ ýëåìåíòîâ.
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Ò à á ë è ö à 2
Êîððåëÿöèè ìåæäó ñîäåðæàíèåì õèìè÷åñêèõ ýëåìåíòîâ â âîëîñå êðóïíîãî ðîãàòîãî ñêîòà

Ïàðû ýëåìåíòîâ r Ïàðû ýëåìåíòîâ r

Àëþìèíèé – êîáàëüò 0,78** Êîáàëüò – ìåäü 0,65*
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* p < 0,01.
** p < 0,001.
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THE CONTENT, VARIATION AND CORRELATION
OF CERTAIN CHEMICAL ELEMENTS IN HAIR

OF HEREFORD BULL CALVES

Results are given from an investigation into concentrations of Al, Co, Cu, Ni, Ti and Fe in hair
of Hereford bull calves at 17 to 18 months of age raised under conditions of Western Siberia.
Seventeen samples of animal hair were selected for analysis. Concentrations of chemical elements in
the hair were determined by atomic emission spectrometry. The analysis was conducted by using the
two-jet arc plasmatron “Fakel” and multi-atomic emission spectrometer “Grand”. The study has
determined a selective character of accumulation of chemical elements in the animal hair. Heavy
metal levels in the hair can be represented as a range: Co<Ni<Ti<Cu<Al<Fe in the ratio of 1 : 2.5 :
4.6 : 42.8 : 94.0 : 278.7. A number of positive correlations between the pairs of elements have been
revealed. Significant differences have been determined between individual animals as to their ability
to accumulate Al and Ti in the hair. A level of Al in the hair is characterized by high phenotypic
variation, while concentration of Cu by rather low one.

Keywords: Hereford cattle, correlation, chemical element, heavy metals.
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