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Îäíèì ç îñíîâíèõ ÷èííèê³â çíèæåííÿ ÿêîñò³ ñ³ëüñü-
êîãîñïîäàðñüêî¿ ïðîäóêö³¿ º çàáðóäíåííÿ ïë³ñíåâèìè 
ãðèáàìè, ÿê³ çäàòí³ ïðîäóêóâàòè ì³êîòîêñèíè, ùî 
íåñå çàãðîçó çäîðîâ’þ ÿê òâàðèí òàê ³ ëþäèíè. Ó 
ñó÷àñíèõ óìîâàõ ï³äâèùåíî¿ óâàãè äî áåçïåêè êîðì³â 
ïèòàííÿ ñâîº÷àñíîãî âèÿâëåííÿ ¿õ êîíòàì³íàö³¿ ì³êî-
òîêñèíàìè òà ì³êîòîêñèíïðîäóêóþ÷èìè ãðèáàìè º 
îñîáëèâî àêòóàëüíèìè. Â îãëÿä³ îõàðàêòåðèçîâàíî 
ñó÷àñíèé ñòàí ïðîáëåìè çàáðóäíåííÿ ì³êîòîêñèíàìè 
òà ì³êîòîêñèíîãåííèìè ãðèáàìè ñ³ëüñüêîãîñïîäàðñüêî¿ 
ïðîäóêö³¿ â Óêðà¿í³ òà ñâ³ò³. Îïèñàíî øëÿõè âïëèâó 
íà çäîðîâ’ÿ òâàðèí íàéïîøèðåí³øèõ ì³êîòîêñèí³â, 
à ñàìå – àôëàòîêñèí³â, ôóìîí³çèí³â, îõðàòîêñèí³â, 
òðèõîòåöåí³â òà çåàðàëåíîíó. Ïðîàíàë³çîâàíî ìîæ-
ëèâîñò³ ³ ïåðñïåêòèâè çàñòîñóâàííÿ ïîë³ìåðàçíî¿ 
ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) äëÿ ÿê³ñíîãî òà ê³ëüê³ñíîãî 
âèÿâëåííÿ ì³êîòîêñèíïðîäóêóþ÷èõ ãðèá³â òà äëÿ 
ìîæëèâîñò³ ïðîãíîçóâàííÿ óòâîðåííÿ ì³êîòîêñèí³â 
îêðåìèìè øòàìàìè. Îö³íåíî ö³ëüîâ³ ðåã³îíè ãåíîìó 
ãðèá³â, ÿê³ ìîæóòü áóòè ïîòåíö³éíèìè ìàðêåðàìè 
äëÿ ¿õ âèäîâî¿ ³äåíòèô³êàö³¿ òà âèçíà÷åííÿ õåìîòèïó 
ãðèá³â. Îñíîâíó óâàãó ïðèä³ëåíî ìåòîäó ÏËÐ ç åëåê-
òðîôîðåòè÷íîþ äåòåêö³ºþ ïðîäóêò³â àìïë³ô³êàö³¿ 
òà ÏËÐ ç äåòåêö³ºþ ó ðåæèì³ ðåàëüíîãî ÷àñó (Re-
al-Time ÏËÐ) ç âèêîðèñòàííÿì òåõíîëîã³é íà îñíîâ³ 
³íòåðêàëþþ÷îãî áàðâíèêà SYBR Green òà ôëóîðåñöåòíèõ 
îë³ãîíóêëåîòèäíèõ çîíä³â TaqMan. Ðîçãëÿíóòî ðÿä 
ÏËÐ-òåñò ñèñòåì äëÿ âèÿâëåííÿ ì³êîòîêñèíîãåííèõ 
öâ³ëåâèõ ãðèá³â, ç âèêîðèñòàííÿì íàáîð³â ïðàéìåð³â, 
ÿê³ ñïðÿìîâàí³ íà ñòðóêòóðí³ òà ðåãóëÿòîðí³ ãåíè, ùî 
áåðóòü ó÷àñòü ó á³îñèíòåç³ àôëàòîêñèí³â (omt-1, nor1, 
ver1), ôóìîí³çèí³â (fum1, fum13), òðèõîöåí³â (tri1, tri3, 
tri5, tri6, tri12, tri13), çåàðàëåíîíó (PKS4, PKS13, ZEB1, 
ZEB2) òà îõðàòîêñèíó (pks, ÎÒÀnps). Âðàõîâóþ÷è 
ðîçâèòîê ñó÷àñíèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â 
îáãîâîðåíî ìîæëèâîñò³ âèêîðèñòàííÿ ìîëåêóëÿðíèõ 
ìåòîä³â, ÿê³ âêëþ÷àþòü àíàë³ç ÄÍÊ-ö³ëüîâèõ îáëàñòåé 
äëÿ äèôåðåíö³àö³¿ âèä³â Fusarium, Aspergillus, Penicillium.

Êëþ÷îâ³ ñëîâà: ì³êîòîêñèíè, êîíòàì³íàö³ÿ, ãåíè, ÏËÐ.

Âñòóï. Îäíèìè ç îñíîâíèõ ³íãðåä³ºíò³â êîð-
ì³â, ùî âèêîðèñòîâóþòüñÿ ó òâàðèííèöòâ³ òà 

ïòàõ³âíèöòâ³ º çåðíîâ³ êóëüòóðè òà ïðîäóêòè
íà îñíîâ³ çåðíîâèõ, ÿê³ çàáåçïå÷óþòü ïîâíî-
ö³ííèé òà çáàëàíñîâàíèé ðàö³îí (Navarro D
et al, 2019; El-Deek A et al, 2020; Tran H et
al, 2020). Íåçâàæàþ÷è íà çðîñòàííÿ âèêîðèñ-
òàííÿ àëüòåðíàòèâíèõ ñêëàäíèê³â ó êîðìàõ 
äëÿ òâàðèí, ïð³îðèòåòíèìè çåðíîâèìè êóëü-
òóðàìè, ùî çàñòîñîâóþòüñÿ ó ñâ³òîâ³é êîìá³-
êîðìîâ³é ïðîìèñëîâîñò³ çàëèøàþòüñÿ êóêó-
ðóäçà, ïøåíèöÿ, ÿ÷ì³íü, ñîðãî òà îâåñ (Awika 
J et al, 2011; Diarra S, 2018). Ñâ³òîâèé ïî-
ïèò íà ö³ ñ³ëüñüêîãîñïîäàðñüê³ êóëüòóðè ç 
ðîêàìè çá³ëüøóºòüñÿ, ùî çóìîâëåíî, çîêðåìà, 
çðîñòàííÿì ãëîáàëüíîãî ïîïèòó íà ïðîäóêòè 
òâàðèííèöòâà. ßê³ñòü ³ áåçïåêà êîðì³â äëÿ 
òâàðèí ñòàº ùå á³ëüø âàãîìèì ôàêòîðîì, ÿê 
äëÿ âèðîáíèê³â, òàê ³ äëÿ ñïîæèâà÷³â ïðîäóê-
ò³â òâàðèííèöòâà.

Â³äïîâ³äíî äî Äèðåêòèâè ªÑ 2002/32, ÿê³ñòü 
òà áåçïåêà ïðîäóêö³¿ ïîâèíí³ áóòè îö³íåí³ ïå-
ðåä ¿õ âèêîðèñòàííÿì ó êîðìàõ, ùîá ïåðå-
êîíàòèñÿ, ùî âîíè íå ñòàíîâëÿòü çàãðîçè 
çäîðîâ’þ òâàðèí àáî íàâêîëèøíüîìó ñåðåäî-
âèùó, íå âïëèâàþòü íåãàòèâíî íà âèðîáíèö-
òâî ïðîäóêö³¿ òâàðèííîãî ïîõîäæåííÿ (EU 
Commission, 2015) Ñåðåä íåáàæàíèõ ðå÷îâèí
ó ñèðîâèí³, ùî ìîæóòü ì³ñòèòè êîðìè, âè-
êëàäåíèõ ó ö³é Äèðåêòèâ³, îïèñàí³ ì³êîòîê-
ñèíè, ÿê îäí³ ç íàéíåáåçïå÷í³øèõ. Ì³êîòîê-
ñèíè º â³äíîñíî âåëèêîþ òà õ³ì³÷íî ð³çíî-
ìàí³òíîþ ãðóïîþ òîêñè÷íèõ âòîðèííèõ ìåòà-
áîë³ò³â ç íèçüêîþ ìîëåêóëÿðíîþ ìàñîþ, ÿê³ ÿê 
ïðàâèëî, ñèíòåçóþòüñÿ íèòêîïîä³áíèìè ãðè-
áàìè, çîêðåìà ïðåäñòàâíèêàìè ðîä³â Aspergil-
lus, Penicillium, Alternaria òà Fusarium (Dean R 
et al, 2012; Ostry V et al, 2013; Rahman H et al, 
2020; Ting W et al, 2020).

Ìåòîþ äàíîãî îãëÿäó áóëî çä³éñíèòè àíà-
ë³ç ñó÷àñíèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â
äîñë³äæåíü êîðì³â íà íàÿâí³ñòü ó íèõ ì³êî-
òîêñèíïðîäóêóþ÷èõ ãðèá³â ç âèêîðèñòàííÿì 
ÏËÐ. 
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Âèÿâëåííÿ òà ê³ëüê³ñíå âèçíà÷åííÿ ì³êîòîêñèíîãåííèõ ãðèá³â ç âèêîðèñòàííÿì ìåòîäó ÏËÐ

Çàãàëüíà õàðàêòåðèñòèêà ì³êîòîêñèí³â òà 
àíàë³òè÷í³ ìåòîäè ¿õ äîñë³äæåííÿ. Íà ñüîãîä-
í³ â÷åíèìè îïèñàíî ïîíàä 300 ì³êîòîêñèí³â 
(Pinotti L et al, 2016). Ëèøå äåê³ëüêà ãðóï ì³-
êîòîêñèí³â ïðèçâîäÿòü äî ïîã³ðøåííÿ ÿêîñò³ 
êîðì³â òà çóìîâëþþòü ¿õ òîêñè÷íèé âïëèâ íà 
çäîðîâ’ÿ òâàðèí, à ñàìå – àôëàòîêñèíè (AF), 
ôóìîí³çèíè (FMs), îõðàòîêñèíè (OT), òðèõî-
òåöåíè (TRC) òà çåàðàëåíîí (ZEN) (Moretti À 
et al, 2017).

Îñíîâíèìè ïðîäóöåíòàìè àôëàòîêñèí³â º 
ãðèáè, ùî â³äíîñÿòüñÿ äî ðîäó Aspergillus Flavi, 
çîêðåìà A. flavus òà A. parasiticus. ²íø³ íåçíà÷í³ 
ïðîäóöåíòè àôëàòîêñèíó ïðåäñòàâëåí³ âèäàìè 
â ìåæàõ ðîä³â Emericella, Rhizopus òà Penicillium 
(Rodriguez A et al, 2012; Srour A et al, 2017). Äî 
ãðóïè AF â³äíîñèòüñÿ âåëèêà ê³ëüê³ñòü òîêñè-
í³â, ïðîòå íàéïîøèðåí³øèìè º íàñòóïí³ ÷î-
òèðè òèïè: àôëàòîêñèí B1 (AFB1), B2 (AFB2), 
G1 (AFG1) òà G2 (AFG2) (Mahato D et al, 2019; 
Ting W et al, 2020). Âàæëèâî, ùî àôëàòîêñèíè 
äóæå ñòàá³ëüí³ ³ ìîæóòü çáåð³ãàòè ñâî¿ ôóíêö³¿ 
íàâ³òü ïðè òðèâàë³é òåðì³÷í³é îáðîáö³, ùî íå-
ñå âåëèêó çàãðîçó ñïîæèâà÷àì ïðîäóêò³â òâà-
ðèííîãî ïîõîäæåííÿ (ì’ÿñî, ìîëîêî), çàáðóä-
íåíèõ àôëàòîêñèíàìè. AFB1 çâåðòàº íà ñåáå
îñîáëèâó óâàãó, áî º íàéïîøèðåí³øèì àôëà-
òîêñèíîì òà íàéïîòóæí³øèì ãåïàòîêàíöåðî-
ãåíîì, âèêëèêàº ãîñòð³ òà õðîí³÷í³ çàõâîðþ-
âàííÿ, ïîâ’ÿçàí³ ç ³íòîêñèêàö³ºþ òâàðèí, çî-
êðåìà – øëóíêîâî-êèøêîâ³ äèñôóíêö³¿, àíå-
ì³þ, æîâòÿíèöþ, êðîâîâèëèâè òà çàãàëüíå 
çíèæåííÿ ïðîäóêòèâíèõ ïîêàçíèê³â, òàêèõ ÿê 
âàãà, âèðîáíèöòâî ÿºöü àáî ìîëîêà, ïîã³ðøåí-
íÿ ÿêîñò³ òóø³ òà ï³äâèùåííÿ ñïðèéíÿòëèâîñò³ 
òâàðèí äî ñòðåñîâèõ ôàêòîð³â íàâêîëèøíüî-
ãî ñåðåäîâèùà (Yang C et al., 2020). Êð³ì òîãî 
AFB1 òà AFM1 (ã³äðîêñèëüîâàíèé ìåòàáîë³ò 
AFB1) ÷èíÿòü òîêñè÷íèé åôåêò íà íèðêè, 
àêòèâóþ÷è îêñèäàòèâíèé ñòðåñ øëÿõîì çì³íè 
ð³âí³â åêñïðåñ³¿ ïðîë³íäåã³äðîãåíàçè, L-ïðîë³-
íó òà ïðîàïîïòè÷íèõ ôàêòîð³â (Bax, Caspa-
se-3), ùî â ñâîþ ÷åðãó ³íäóêóº àïîïòîç (Li H 
et al, 2018). Ó äîñë³äæåííÿõ, ïðîâåäåíèõ íà
á³ëèõ ëàáîðàòîðíèõ ùóðàõ, ïðîäåìîñòðîâàíî
ïðèãí³÷óâàëüíó ä³þ àôëàòîêñèíó Â1 íà àê-
òèâí³ñòü åíçèì³â ãëóòàò³îíîâî¿ àíòèîêñèäàíò-
íî¿ ñèñòåìè (ãëóòàò³îíïåðîêñèäàçà, ãëóòàò³îí-
òðàíñôåðàçà, ãëóòàò³îíðåäóêòàçà), ïðè çìåí-
øåíí³ âì³ñòó â³äíîâëåíîãî ãëóòàò³îíó â êë³òè-

íàõ ïå÷³íêè, ãîëîâíîãî ìîçêó ³ íèðîê òâàðèí 
(Hoyvanovych N, 2016).

Ùå îäí³ºþ âàæëèâîþ ãðóïîþ ì³êîòîêñèí³â 
º ôóìîí³çèíè, ÿê³ çàçâè÷àé êëàñèô³êóþòüñÿ 
ÿê òîêñèíè ôóçàð³îçó, îñê³ëüêè âîíè ìîæóòü 
ïðîäóêóâàòèñÿ äåê³ëüêîìà âèäàìè ðîäó Fusar-
ium, îñíîâíèì ç ÿêèõ º F. verticillioides òà F. 
proliferatum. (Wa�kiewicz A et al, 2013; Qiu J et 
al, 2020). Íàé÷óòëèâ³øèìè äî ä³¿ ôóìîí³çèí³â
º êîí³, ñâèí³ òà êðîë³, ìåíø ÷óòëèâèìè – âå-
ëèêà ðîãàòà õóäîáà òà ïòèöÿ (Marin S et al, 2013; 
Murugesan G åt al, 2015). Ó êîíåé ñïîæèâàííÿ 
êîðìó êîíòàì³íîâàíîãî öèì ì³êîòîêñèíîì âè-
êëèêàº ëåéêîåíöåôàëîìàëÿö³þ, ïåðâèííèìè 
ñèìïòîìè ÿêî¿ º ìëÿâ³ñòü, ñë³ïîòà òà çìåí-
øåííÿ ñïîæèâàííÿ êîðìó, ùî çàê³í÷óºòüñÿ 
ñóäîìàìè òà ñìåðòþ òâàðèíè. Íàéòîêñè÷í³-
øèìè ïðåäñòàâíèêàìè ñ³ìåéñòâà FMs º ôóìî-
í³çèí B1 (FB1), ôóìîí³çèí Â2 (FB2) (Yu S et 
al, 2020). Çîêðåìà, ó ñâèíåé FB1 àñîö³þºòüñÿ ç 
íàáðÿêàìè ëåãåíü, êë³í³÷íèìè ïðîÿâàìè ÿêèõ 
º çíèæåííÿ ñïîæèâàííÿ êîðìó, çàäèøêà, ñëàá-
ê³ñòü, ö³àíîç (Groopman J et al, 2012; Yang C et 
al, 2020). Öåíòðàëüíó ðîëü ó FB1-³íäóêîâàí³é 
òîêñè÷íîñò³ â³ä³ãðàþòü ïîðóøåííÿ ó ìåòàáî-
ë³çì³ ñô³íãîë³ï³ä³â òà ³íäóêö³ÿ îêñèäàòèâíîãî 
ñòðåñó, ùî çóìîâëþº òàêîæ ¿õ ãåïàòîòîêñè÷-
í³ñòü (Liu X et al, 2019).

Ïðåäñòàâíèêè ðîäó Aspergillus òà Penicillium 
çäàòí³ ñèíòåçóâàòè îõðàòîêñèíè, çîêðåìà îõðà-
òîêñèí À (ÎÒÀ) òà îõðàòîêñèí Â (ÎÒÂ), Íàé-
ïîøèðåí³ø³ âèäè-ïðîäóöåíòè îõðàòîêñèí³â öå:
A. ochraceus, A. carbonarius, P. verrucosum òà 
P. nordicum (Ostry V et al, 2013, Wang Y et al, 
2016). Ãîëîâíèì îðãàíîì-ì³øåííþ ÎÒ º íèð-
êè, òîáòî ÎÒ ïðîÿâëÿº íåôðîòîêñè÷íó ä³þ 
(Marin S et al, 2013). Òàêîæ âèñîê³ äîçè çà-
áðóäíåííÿ êîðì³â öèì òîêñèíîì ìîæóòü ñïðè-
÷èíÿòè íèçêó çàõâîðþâàíü ëþäèíè òà òâàðèí, 
çîêðåìà îõðàòîêñèêîç ïòèö³, ñâèíÿ÷ó íåôðîïà-
ò³þ, åíäåì³÷í³ íåôðîïàò³¿ òà ïóõëèíè òðàâíîãî 
òðàêòó ó ëþäåé òîùî (Heussner A et al, 2015).

Òðèõîòåöåíè ñèíòåçóþòüñÿ çíà÷íîþ ì³ðîþ 
âèäàìè Fusarium, òàêîæ äî ïðîäóöåíò³â öüîãî 
òîêñèíó â³äíîñÿòüñÿ ãðèáè ðîäó Myrothecium, 
Trichoderma, Trichothecium, Cephalosporium, Verti-
cimonosporium òà Stachybotrys (Alshannaq A and
Yu J, 2017). Öå âåëèêèé êëàñ ãðèáêîâèõ ìåòà-
áîë³ò³â ç á³ëüø í³æ 200-ìà ñòðóêòóðíî ñïîð³ä-
íåíèìè ñïîëóêàìè, ÿê³ õ³ì³÷íî ïîä³ëÿþòüñÿ íà 
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÷îòèðè òèïè (â³ä A äî D) (Mc Cormick S et 
al, 2011; Kovalsky P et al, 2016). Äî ö³º¿ ãðóïè 
â³äíîñÿòüñÿ òîêñèíè ÍÒ-2 ³ Ò-2 (ÍÒ-2 ³ Ò-2), 
äåçîêñèí³âàëåíîë (DON), éîãî ïîõ³äí³ 3-àöå-
òèëäåçîêñèí³âàëåíîë (3-AcDON), 15-àöåòèëäå-
çîêñèí³âàëåíîë (15-AcDON), í³âàëåíîë (NIV), 
3-àöåòèë NX òîêñèí (3ANX) (Juan C et al, 2013; 
Varga E et al, 2015; Crippin T at al, 2019).

Íàéòîêñè÷í³øèìè ïðåäñòàâíèêàìè òèïó º 
òîêñèí Ò-2 (Ò2) ³ òîêñèí ÍÒ-2 (ÍÒ2), ÿê³ ïðè-
ãí³÷óþòü ñèíòåç á³ëêà òà ÄÍÊ òà ïîñëàáëþþòü 
³ìóííó â³äïîâ³äü ó òâàðèí (Groopman J et al, 
2012). Ñèìïòîìè ³íòîêñèêàö³é òâàðèí äàíèìè 
òîêñèíàìè âêëþ÷àþòü çìåíøåííÿ ñïîæèâàííÿ
êîðìó, êðîâîâèëèâè, óðàæåííÿ ðîòîâî¿ ïîðîæ-
íèíè, çíèæåííÿ ïðîäóêòèâíîñò³ ÿºöü ³ ìîëîêà, 
àáîðòè òà íàâ³òü ñìåðòü ó äåÿêèõ âèïàäêàõ 
(Groopman J et al, 2012; Marin S et al, 2013).

DON º îäíèì ç íàéìåíø òîêñè÷íèõ òðè-
õîöåí³â, îäíàê, îñê³ëüêè â³í äóæå ïîøèðåíèé, 
ââàæàºòüñÿ äîñèòü íåáåçïå÷íèì ó òâàðèííèö-
òâ³. Äàíèé òîêñèí ïðîäóêóºòüñÿ ïåâíèìè ³çî-
ëÿòàìè F. graminearum, F. pseudograminearum òà 
F. culmorum (Sabburg R et al, 2015; Hellin P et al, 
2016). Ó 2020, çà äàíèìè îðãàí³çàö³¿ BIOMIN 
(https://www.biomin.net/en/biomin-mycotoxin-
survey/), ÿêà çä³éñíþº ìîí³òîðèíã çà ø³ñòüìà 
îñíîâíèìè ì³êîòîêñèíàìè â ñ³ëüñüêîãîñïî-
äàðñüêèõ êóëüòóðàõ, ùî âèêîðèñòîâóþòüñÿ ó 
âèðîáíèöòâ³ êîðì³â äëÿ õóäîáè, äåçîêñèí³âàëå-
íîë âèÿâèâñÿ íàéïîøèðåí³øèì ì³êîòîêñèíîì 
ó âñüîìó ñâ³ò³ ³ áóâ çíàéäåíèé ó 65 % óñ³õ çðàç-
ê³â. Âèñíîâêè íàóêîâö³â ´ðóíòóþòüñÿ íà àíàë³-
ç³ 21 709 çðàçê³â ãîòîâèõ êîðì³â òà ñèðîâèíè, 
ÿê³ ïîõîäèëè ³ç 79 êðà¿í. Íàòîì³ñòü ìîí³òî-
ðèíã DON â êóêóðóäç³ â³ò÷èçíÿíîãî ïîõîä-
æåííÿ âïðîäîâæ 2014–2017 ðð. ïîêàçàâ, ùî 
â³äñîòîê êîíòàì³íîâàíèõ çðàçê³â ó 2014 ð. 
ñÿãàâ 46 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ïåðåâ³ðå-
íèõ çðàçê³â çåðíà, ó 2015 ð. – 72 %, ó 2016 
ð. – 12 %, ó 2017 ð. – 22 %. (Kaminska O et al, 
2018). Ââàæàºòüñÿ, ùî DON ñèëüí³øå âïëèâàº 
íà ìîíîãàñòðè÷íèõ òâàðèí, îñîáëèâî ñâèíåé ³ 
ìîæå ñïðè÷èíèòè â³äìîâó â³ä êîðìó, áëþâîòó 
òà àíîðåêñ³þ (Marin S et al, 2013). Çàãàëîì, 
ñïîæèâàííÿ íèçüêîãî òà ïîì³ðíîãî ð³âí³â öüî-
ãî ì³êîòîêñèíó òâàðèíàìè ïðèçâîäèòü äî ¿õ 
ï³äâèùåíî¿ ñïðèéíÿòëèâîñò³ äî ïàòîãåííèõ 
ì³êðîîðãàí³çì³â òà äî çíèæåííÿ ïðîäóêòèâíèõ 
ïîêàçíèê³â (Munkvold G, 2017). 

Çåàðàëåíîí – ì³êîòîêñèí, ùî ïðîäóêóºòüñÿ 
ïðåäñòàâíèêàìè ðîäó Fusarium, çîêðåìà, F. gra-
minearum, à òàêîæ F. culmorum, F. cerealis, F. 
equiseti (González Peyera M et al, 2014). Îñê³ëü-
êè ZEN ìàº ñòðóêòóðíó ñõîæ³ñòü ³ç ëþäñüêèì 
ñòàòåâèì ãîðìîíîì, åñòðàä³îëîì, â³í çäàòíèé 
çâ’ÿçóâàòèñÿ ç ðåöåïòîðàìè åñòðîãåíó, âèêëè-
êàþ÷è ïîðóøåííÿ ðåïðîäóêòèâíî¿ ôóíêö³¿ ÿê 
ó ëþäèíè, òàê ³ ó ïëåì³ííèõ òâàðèí. Ó äîñë³-
äæåííÿõ ïðîâåäåíèõ íà ñâèíÿõ ïîêàçàíî, ùî 
ZEN ìîæå àêòèâóâàòè ñèãíàëüíèé øëÿõ Wnt/
�-êàòåí³íó, ðåãóëþþ÷è åêñïðåñ³þ WNT1 òà 
�-êàòåí³íó, ñïðèÿþ÷è ïðîë³ôåðàö³¿ òà ðîçâèòêó 
åï³òåë³àëüíèõ êë³òèí ñâèíÿ÷îãî åíäîìåòð³þ 
(Song T et al, 2020).

Îñê³ëüêè ì³êîòîêñèíè çà ñâîºþ õ³ì³÷íîþ 
ñòðóêòóðîþ íàëåæàòü äî ð³çíîãî êëàñó ñïîëóê, 
âèçíà÷åííÿ çàáðóäíåííÿ öèìè ðå÷îâèíàìè º
äîñèòü ñêëàäíèì òà òðóäîì³ñòêèì ïðîöåñîì. 
Óñêëàäíþþòüñÿ ö³ äîñë³äæåííÿ òèì, ùî ì³êî-
òîêñèíè çíàõîäÿòüñÿ ó íèçüêèõ êîíöåíòðàö³ÿõ 
òà íà ð³çíîìàí³òíèõ ñóáñòðàòàõ. Òèì íå ìåíøå, 
íà ñüîãîäí³ ³ñíóº ðÿä íàä³éíèõ, òî÷íèõ, ÷óòëè-
âèõ ìåòîä³â, íàïðàâëåíèõ íà ÿê³ñíó òà ê³ëüê³ñ-
íó îö³íêó öèõ âòîðèííèõ ìåòàáîë³ò³â ó êîðìàõ 
(Pereira Ñ et al, 2019). Âèä³ëÿþòü òðè åòàïè 
äîñë³äæåííÿ êîðì³â íà íàÿâí³ñòü ì³êîòîêñèí³â: 
â³äá³ð ïðîá, ï³äãîòîâêà çðàçê³â òà àíàë³òè÷íà 
ïðîöåäóðà. Ó êðà¿íàõ ªÑ, ìåòîäîëîã³ÿ â³äáîðó 
ïðîá ó êîðìàõ îïèñàíà ó Ïîëîæåíí³ ¹ 691/2013 
ïðî âíåñåííÿ çì³í äî Ðåãëàìåíòó ¹ 152/2009. 
Ó íàø³é êðà¿í³ ïðîöåäóðà â³äáîðó ïðîá çðàçê³â 
çåðíà ÷³òêî ðåãëàìåíòóºòüñÿ íàêàçîì Ì³í³ñòåð-
ñòâà àãðàðíî¿ ïîë³òèêè òà ïðîäîâîëüñòâà Óêðà¿íè 
«Ïðî çàòâåðäæåííÿ Ìåòîä³â â³äáîðó çðàçê³â äëÿ 
âèçíà÷åííÿ ìàêñèìàëüíî äîïóñòèìèõ ð³âí³â ì³-
êîòîêñèí³â ó õàð÷îâèõ ïðîäóêòàõ äëÿ ö³ëåé äåð-
æàâíîãî êîíòðîëþ» â³ä 22 òðàâíÿ 2019 ð. ¹ 264. 

Âèçíà÷åííÿ ì³êîòîêñèí³â ´ðóíòóºòüñÿ íà ³ìó-
íîôåðìåíòíèõ òà õðîìàòîãðàô³÷íèõ ìåòîäàõ 
àíàë³çó (Pereira Ñ et al, 2019). Â îñíîâ³ ìåòîäó 
³ìóíîàíàë³çó ëåæèòü çäàòí³ñòü ñïåöèô³÷íèõ àí-
òèò³ë çâ’ÿçóâàòèñÿ ç â³äïîâ³äíèìè ì³êîòîêñè-
íàìè, ÿê³ â äàíîìó âèïàäêó ä³þòü ÿê àíòèãåíè 
(Venkataramana M et al, 2014). Òåñòè ùîäî çà-
áðóäíåííÿ êîðì³â ì³êîòîêñèíàìè íà îñíîâ³ 
³ìóíîàíàë³çó º çäåá³ëüøîãî ñêðèí³íãîâ³, çàâäÿ-
êè ¿õ ïðîñòîò³, äåøåâèçí³ ç â³äíîñíî âèñîêèì 
ð³âíåì ÷óòëèâîñò³ òà ñïåöèô³÷íîñò³, õî÷à º 
äàí³ ïðî ïåðåõðåñíó ðåàêö³þ ³ç ñòðóêòóðíèìè 
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àíàëîãàìè (Anfossi L et al, 2016). Ñèãíàë ìîæå 
çàëåæàòè â³ä êîåêñòðàêòèâíèõ ðå÷îâèí â ðå-
çóëüòàò³ íåñïåöèô³÷íî¿ âçàºìîä³¿ ç ìàòðèöåþ 
(ñóáñòðàòîì) (Shephard G, 2016). Òàêîæ ñüî-
ãîäí³ äëÿ äîñë³äæåííÿ êîðì³â íà íàÿâí³ñòü 
ì³êîòîêñèí³â çàñòîñîâóþòü ³ òðàäèö³éí³ ìåòî-
äè, òàê³ ÿê òîíêîøàðîâà õðîìàòîãðàô³ÿ (TLC) 
òà âèñîêîåôåêòèâíà ð³äèííà õðîìàòîãðàô³ÿ 
(HPLC) (Ramana M et al, 2011; Anfossi L et al, 
2016; Sim J et al, 2018). Äëÿ ê³ëüê³ñíîãî àíàë³çó 
âèêîðèñòîâóþòü ê³ëüêà ìåòîä³â õðîìàòîãðàô³¿: 
ãàçîâà õðîìàòîãðàô³ÿ ç ìàñ-äåòåêö³ºþ (GC-MS),
ð³äèííà õðîìàòîãðàô³ÿ ç ìàñ-äåòåêö³ºþ (³îí³çà-
ö³ÿ ñïîñîáîì åëåêòðîñòàòè÷íîãî ðîçïèëåííÿ), 
ð³äèííà õðîìàòîãðàô³ÿ ç òàíäåìíèì ìàññïåê-
òðîìåòðîì (LC/MS/MS). (Rodriguez A et al 
2012; Sadhasivam S et al, 2017; Maeda K et al, 
2020; Righetti L and Dall’Asta C, 2020). Çàçíà÷å-
í³ âèùå ìåòîäè ïîòðåáóþòü, îêð³ì äîðîãîâàð-
ò³ñíîãî îáëàäíàííÿ òà âèñîêîêâàë³ô³êîâàíîãî 
ïåðñîíàëó, òðèâàëèõ ïðîöåñ³â ïðîáîï³äãîòîâêè 
åêñòðàêö³¿ òà î÷èùåííÿ.

Îñê³ëüêè ïðîäóêóâàííÿ ì³êîòîêñèí³â íî-
ñèòü ÿñêðàâî âèðàæåíèé âèäîñïåöèô³÷íèé õà-
ðàêòåð, äëÿ îö³íêè ñïåêòðó ì³êîòîêñèí³â, íà-
êîïè÷åíèõ â àíàë³çîâàí³é ïàðò³¿ çåðíà, áóäå 
êîðèñíîþ ³íôîðìàö³ÿ ïðî âèäîâèé ñêëàä ïðè-
ñóòíüî¿ â í³é ì³êîá³îòè. Ïîòð³áíî çâåðíóòè 
óâàãó, ùî â ïðîöåñ³ çáåð³ãàííÿ çåðíà ï³ä âïëè-
âîì ð³çíîìàí³òíèõ ÷èííèê³â ìîæå ðîçïî÷àòèñÿ 
ïðîäóêóâàííÿ òîêñèí³â. Öå ñïîñòåð³ãàºòüñÿ çà
óìîâè ïðèñóòíîñò³ ì³êîòîêñèííîãåííèõ ïë³ñ-
íåâèõ ãðèá³â ó ñèðîâèí³ òà çà ñïðèÿòëèâèõ 
óìîâ ñåðåäîâèùà äëÿ ¿õ ðîñòó òà ïðîäóêóâàííÿ 
íèìè ì³êîòîêñèí³â, òàêèõ ÿê òåìïåðàòóðà òà 
âîëîã³ñòü. Îòæå, âàæëèâèì äëÿ áåçïåêè êîðì³â 
º âèÿâëåííÿ â ïðîá³ íå ò³ëüêè áåçïîñåðåäíüî 
òîêñèí³â, àëå ³ ¿õ ïðîäóöåíò³â. Íà äàíèé ÷àñ 
â Óêðà¿í³ äëÿ òàêèõ ö³ëåé âèêîðèñòîâóþòüñÿ 
ì³êîëîã³÷í³ ìåòîäè, ÿê³ ´ðóíòóþòüñÿ íà òðà-
äèö³éíèõ ì³êðîá³îëîã³÷íèõ äîñë³äæåííÿõ ç âè-
êîðèñòàííÿì àãàðèçîâàíîãî ñåðåäîâèùà ×à-
ïåêà. (Yaroshenko M et al, 2018, Kutzan O et
al, 2020). Âèäîâó ³äåíòèô³êàö³þ ³çîëÿò³â ì³êðî-
ñêîï³÷íèõ ãðèá³â çä³éñíþºòü íà îñíîâ³ êóëü-
òóðàëüíî-ìîðôîëîã³÷íèõ âëàñòèâîñòåé, òàêèõ
ÿê îñîáëèâîñò³ ðîñòó êóëüòóð íà ð³çíèõ ïîæèâ-
íèõ ñåðåäîâèùàõ, ¿õ ðîçì³ð³â, ä³àìåòðó, ôîðìè 
êðà¿â òà öåíòðó êîëîí³é, ¿õíüîãî çàáàðâëåííÿ 
òîùî (Jangol J; 2018, Kutzan O et al, 2020). 

Ñòóï³íü êîíòàì³íàö³¿ êîðì³â ì³êðîñêîï³÷íè-
ìè ãðèáàìè âèçíà÷àþòü çà ê³ëüê³ñòþ êîëîí³º-
óòâîðþâàëüíèõ îäèíèöü (ÊÓÎ) ó ïåðåðàõóíêó 
íà 1 ã êîðìó çà óìîâ ïåðâèííîãî âèñ³âó ó ïî-
æèâíå ñåðåäîâèùå (àãàð, ñóñëî òà ñåðåäîâèùå 
×àïåêà) (Kutzan O et al, 2020). Çà äàíèìè 
Yaroshenko M.O. ³ ñï³âàâòîð³â, ÿê³ ïðîâîäèëè 
ì³êîëîã³÷íèé àíàë³ç êîðì³â âåëèêî¿ ðîãàòî¿ õó-
äîáè ç ð³çíèõ îáëàñòåé Óêðà¿íè (Õàðê³âñüêî¿, 
Ñóìñüêî¿, Îäåñüêî¿, Äîíåöüêî¿, Êè¿âñüêî¿, Ïîë-
òàâñüêî¿, ×åðêàñüêî¿, Ê³ðîâîãðàäñüêî¿, ²âàíî-
Ôðàíê³âñüêî¿ òà Òåðíîï³ëüñüêî¿) ó 2018 – ² 
ï³âð³÷÷³ 2019 ðð., íåäîáðîÿê³ñíèìè áóëî
73,6 %. Íàòîì³ñòü ó 2014–2015 ðð. íåäîáðî-
ÿê³ñí³ êîðìè çà ñòóïåíåì çàáðóäíåíîñò³ ì³êðî-
ñêîï³÷íèìè ãðèáàìè ñòàíîâèëè 51–52 %, â
2016 ð. – 79 %, à â 2017 ð. – 88 % (Yaroshenko 
M et al, 2018). Çàãàëîì, ó êîðìàõ ïðèçíà÷åíèõ 
äëÿ ãîä³âë³ ÂÐÕ â Óêðà¿í³ âèÿâëÿþòü òîêñèíî-
óòâîðþâàëüí³ òàêñîíè ì³êðîì³öåò³â òàêèõ âèä³â: 
A. flavus, A. àmstelodami, A. niger, A. sydowi,
A. fumigatus, A. candidus, A. oryzae, A. ochraceus, 
P. lanosum, P. commune, P. stoloniferum, F. moni-
liforme, F. moniliforme, var. lactis. (Yaroshenko 
M et al, 2018; Kutzan O et al, 2020). Ó ðàìêàõ 
ìîí³òîðèíãó êîðì³â äëÿ ñ³ëüñüêîãîñïîäàðñü-
êèõ òâàðèí ïðîâåäåíîãî ó 2017 ð. ó ãîñïîäàðñò-
âàõ ï³âäåííîãî ðåã³îíó Óêðà¿íè, âñòàíîâëåíî, 
ùî 32,4 % ïðîá êîíöåíòðîâàíîãî êîðìó òà 
58,6 % ïðîá ãðóáèõ êîðì³â äëÿ ÂÐÕ, 50,0 % – 
äëÿ ñâèíåé, 47,0 % – äëÿ êà÷îê, 16,7 % – äëÿ 
êðîë³â áóëè êîíòàì³íîâàí³ ïë³ñíåâèìè ãðè-
áàìè òà ïåðåâèùóâàëè ìàêñèìàëüíî äîïóñòè-
ì³ ð³âí³ (ÌÄÐ) çàçíà÷åí³ â íàêàç³ ¹ 131 
Ì³í³ñòåðñòâà àãðàðíî¿ ïîë³òèêè òà ïðîäîâîëü-
ñòâà Óêðà¿íè â³ä 19.03.2012 (ó ðåäàêö³¿ íàêàçó 
Ì³í³ñòåðñòâà àãðàðíî¿ ïîë³òèêè òà ïðîäîâîëü-
ñòâà Óêðà¿íè â³ä 11.10.2017 ¹ 550) «Ïðî ïå-
ðåë³ê ìàêñèìàëüíî äîïóñòèìèõ ð³âí³â íåáà-
æàíèõ ðå÷îâèí ó êîðìàõ òà êîðìîâ³é ñèðîâèí³ 
äëÿ òâàðèí» (Bogach M et al, 2018). Íàéá³ëüø 
ïîøèðåíîþ ïë³ñåíåâîþ ì³êîá³îòîþ êîðì³â â³ò-
÷èçíÿíîãî âèðîáíèöòâà áóëè ïðåäñòàâíèêè ðî-
äó Aspergillus Mich, ùî ñêëàäàº 53,0 % â³ä çà-
ãàëüíî¿ ê³ëüêîñò³ âèä³ëåíèõ ³çîëÿò³â. Êîíòàì³-
íàö³ÿ ãðèáàìè ðîäó Penicillium Linñ. – 8,1 %, 
Fusarium Linñ. – 6,1 % (Bogach M et al, 2018). 

Îäí³ºþ ç íàéâàãîì³øèõ ñêëàäîâèõ ì³êîëî-
ã³÷íèõ äîñë³äæåíü º íåîáõ³äí³ñòü òî÷íî¿ õàðàê-
òåðèñòèêè ³çîëÿò³â òîêñèíïðîäóêóþ÷èõ âèä³â
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ãðèá³â. Öå ïîòð³áíî íå ò³ëüêè äëÿ âñòàíîâ-
ëåííÿ ¿õ òàêñîíîì³÷íîãî ïîëîæåííÿ, àëå ³
äëÿ âèÿâëåííÿ ãåòåðîãåííîñò³ ñêëàäó âíóòð³ø-
íüîâèäîâî¿ ïîïóëÿö³¿ çà òîêñèãåííèìè âëàñòè-

âîñòÿìè äëÿ êîðåêòíîãî ïðîãíîçóâàííÿ ¿õ
òîêñèíîãåííîãî ïîòåíö³àëó. Çàâäÿêè ðîçâèòêó 
ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â äîñë³äæåíü íà
îñíîâ³ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ ñüî-

Òàáëèöÿ 1. Ïðàéìåðè, ùî âèêîðèñòîâóþòüñÿ äëÿ âèäîâî¿ ³äåíòèô³êàö³¿ òîêñèíîãåííèõ âèä³â ãðèá³â

Ð³ä/âèä ãðèáà
Ö³ëüîâèé 

ãåí
Íàçâà

ïðàéìåðà
Ïîñë³äîâí³ñòü ïðàéìåð³â òà çîíä³â (5�–3�)

F. tricinctum

F. asiaticum

F. graminearum 
òà F. asiaticum
F. culmorum
F. cerealis
F. sporotrichioides

F. langsethiae

F. poae

F. equiseti

F. proliferatum

F. subglutinans

F. verticillioides

F. avenaceum

F. tricinctum

F. culmorum

F. graminearum

P. verrucosum

A. ochraceus

rDNA

FOW1

cyp51A

b-tubulin

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

tef-1�

cox2

cyp51A

tri5

tef-1�

rRNA 

pks

Its 1
Its 2
FOW1F
FOW1R
FaF
FaR
FgaF
FgaR
FculC561 fwd
FculC614 rev
FspoA18 fwd
FspoA85 rev
FlangA29 fwd
FlangA95 rev
FpoaeA51 fwd 
FpoaeA98 rev
FequiB569 fwd
FequiB598 rev
Fpro220 fwd
Fpro270 rev
Fsub565 fwd
Fsub622A rev
Fver356 fwd
Fver412 rev
Fave574 fwd
Fave627 rev
Ftri573 fwd
Ftri630 rev
COX2_1
COX2_2
COX2 probe
FgF
FgR
Tri5 forward
Tri5 reverse
Çîíä äëÿ Tri5
FgramB379 fwd
FgramB411 rev
rRNA forward 
rRNA reverse
Çîíä äëÿ rRNA
Pks forward
Pks reverse
Çîíä äëÿ Pks

GCATGCCTGTTCGAGCGT
CTGTTGCCGCTTCACTCGC
GGTATCCTTGGTGGTGTCTCC
CTACCCCAGTTGGTCATCAGT
CAGCTTCCTCGAAGACCT
GGACCGTAAATTTCTTCAGTG
GCGTTGAGCTTGTTTTTTG
GGTTACCCTAATAAACATTGTTAG
CACCGTCATTGGTATGTTGTCACT
CGGGAGCGTCTGATAGTCG
GCAAGTCGACCACTGTGAGTACA
CTGTCAAAGCATGTCAGTAAAAATGAT
CAAGTCGACCACTGTGAGTACCTCT
TGTCAAAGCATGTCAGTAAAGATGAC
ACCGAATCTCAACTCCGCTTT
GTCTGTCAAGCATGTTAGCACAAGT
CACCGTCATTGGTATGTTGTCATC 
TGTTAGCATGAGAAGGTCATGAGTG
CTTCGATCGCGCGTCCT 
CACGTTTCGAATCGCAAGTG
TCATTGGTATGTTGTCGCTCATG 
GTGATATGTTAGTACGAATAAAGGGAGAAC
CGTTTCTGCCCTCTCCCA
TGCTTGACACGTGACGATGA
TATGTTGTCACTGTCTCACACCACC 
AGAGGGATGTTAGCATGATGAAG
TTGGTATGTTGTCACTGTCTCACACTAT 
TGACAGAGATGTTAGCATGATGCA
TCGTTGACGGTGAGGGTTGT
GACTCGAACACGTCAACCAACTT
FAM-CGGTTATTATTTCGAAAAGT-MGB
TATCCCTTATGGGTCTTGGT
GGACCGTAAACTTCTTCTGCA
TCTTAACACTAGCGTGCGCCTTCT
CATGCCAACGATTGTTTGGAGGGA
5�Fam-AACAAGGCTGCCCACCACTTTGCTCAGCCT-Tamra3�
CCATTCCCTGGGCGCT
CCTATTGACAGGTGGTTAGTGACTGG
TAAGGTGCCGGAATACACGCTCAT 
TAGTTCATTCGGCCCGTGAGTTGT
5�Tet-TCTAGACAGCCCGACGGTGGCCATGGAAGT-Tamra3�
AGTGATGACTGGAGGGAGGTGAAT
ACGAGCATGCGGTATCAATGGTCA
5�TexasRed-TTGTCCGGCAGGATCAGGTGCCCACCATT-Tamra3�
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Âèÿâëåííÿ òà ê³ëüê³ñíå âèçíà÷åííÿ ì³êîòîêñèíîãåííèõ ãðèá³â ç âèêîðèñòàííÿì ìåòîäó ÏËÐ

ãîäí³ ñòàëî ìîæëèâèì ç âèñîêîþ òî÷í³ñòþ 
ïðîâîäèòè âèäîâó ³äåíòèô³êàö³þ òîêñèí-ïðî-
äóêóþ÷èõ ãðèá³â íà ð³âí³ ÄÍÊ. Âïðîäîâæ îñ-
òàíí³õ 20 ðîê³â âåäåòüñÿ ³íòåíñèâíà äîñë³ä-
íèöüêà ðîáîòà íàóêîâöÿìè ñâ³òó äëÿ âèÿâëåííÿ 

òà äîñë³äæåííÿ ãåí³â-ìàðêåð³â ì³êîòîêñèí-
ïðîäóêóþ÷èõ âèä³â ãðèá³â ç ìîæëèâ³ñòþ ¿õíüîãî 
ïîäàëüøîãî âèêîðèñòàííÿ äëÿ àíàë³çó áåçïå÷-
íîñò³ ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿ (O’Don-
nell K et al, 1998; Chandra N et al, 2011; Scauflaire 
J et al, 2012; Vegi A and Wolf-Hall CE, 2013).

Âèêîðèñòàííÿ ìåòîä³â ÏËÐ äëÿ âèÿâëåííÿ 
òà ³äåíòèô³êàö³¿ òîêñèíîãåííèõ ãðèá³â. Ðîç-
ìíîæåííÿ ì³êðîñêîï³÷íèõ ãðèá³â òà íàêîïè-
÷åííÿ ì³êîòîêñèí³â ó çåðí³ â³äáóâàºòüñÿ ó ïî-
ëüîâèõ óìîâàõ ³ ï³ä ÷àñ éîãî òðàíñïîðòóâàííÿ 
òà çáåð³ãàííÿ. Òîìó, ïðîâåäåííÿ ìîëåêóëÿðíî-
ãåíåòè÷íèõ äîñë³äæåíü êîðì³â íà íàÿâí³ñòü 
òîêñèíîãåííèõ ãðèá³â º åôåêòèâíîþ ïðîô³-
ëàêòèêîþ ¿õ êîíòàì³íàö³¿ ì³êîòîêñèíàìè òà
ñïðèÿº ïîïåðåäæåííþ ì³êîòîêñèêîç³â ó ñ³ëüñü-
êîãîñïîäàðñüêèõ òâàðèí. Òàêîæ ïîòð³áíî çâåð-
íóòè óâàãó, ùî äëÿ ê³ëüê³ñíî¿ îö³íêè øòàì³â 
öâ³ëåâèõ ãðèá³â, ùî ïðîäóêóþòü ì³êîòîêñèíè, 
çâè÷àéíèìè ìåòîäàìè êóëüòèâóâàííÿ ïîòð³áíî 
çàòðàòèòè 3–5 äí³â, íàòîì³ñòü âèêîðèñòàííÿ ç 
ö³ºþ ìåòîþ ê³ëüê³ñíî¿ ÏËÐ ñêîðî÷óº ÷àñ äëÿ 
îòðèìàííÿ ðåçóëüòàò³â äî 7–9 ãîä (Rodriguez 
A et al, 2012). Äî ìàðêåðíèõ ä³ëÿíîê ÄÍÊ, ùî 
âèêîðèñòîâóþòüñÿ äëÿ âèäîâî¿ äèñêðèì³íàö³¿ 
ì³êðîñêîï³÷íèõ ãðèá³â, â³äíîñÿòüñÿ ÿê ÿäåðí³, 
òàê ³ ì³òîõîíäð³àëüí³ ëîêóñè ÄÍÊ. Äëÿ âè-
ÿâëåííÿ âèä³â Fusarium, íàïðèêëàä, âèêîðèñ-
òîâóþòü â³äì³ííîñò³ ó íóêëåîòèäí³é ïîñë³äîâ-
íîñò³ âíóòð³øí³õ òðàíñêðèáîâàíèõ ñïåéñåð³â, 
ùî ðîçòàøîâàí³ ì³æ ãåíàìè ðèáîñîìàëüíî¿ 
ðÐÍÊ (internal transcribed spacer – ITS1 òà 
ITS2), ì³æãåííîãî ñïåéñåðà (IGS, nuclear ribo-
somal intergenic spacer), ôàêòîðó åëîíãàö³¿ òðàíñ-
ëÿö³¿ (tef-1�), ãåí³â êàëüìîäóë³íó òà �-òóáóë³íó, 
ãåíó cyp51A, ùî êîäóº 14a-ìåòèëàçó (òàáë. 1)
(Kulik T, et al, 2008; Fourie G et al, 2009; Nicolaisen 
M et al, 2009; Yin Y, 2009; Chandra N et al, 2011; 
Al-Reedy RM et al, 2012; St�pie� L, Wa�kiewicz 
A, 2013). 

Âèêîðèñòàííÿ ì³òîõîíäð³àëüíî¿ ÄÍÊ 
(ìòÄÍÊ) äëÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ äîñë³ä-
æåíü îáóìîâëåíå ¿¿ â³äíîñíî íåâåëèêèìè ðîç-
ì³ðàìè òà íàÿâí³ñòþ ÿê êîíñåðâàòèâíèõ òàê 
³ âàð³àáåëüíèõ ä³ëÿíîê, ùî ñïðèÿº êðàù³é 
³äåíòèô³êàö³¿ ò³ñíî ïîâ’ÿçàíèõ ì³æ ñîáîþ âèä³â 
(Al-Reedy R et al, 2012) Ó ðîáîò³ Fourie G ç³ 
ñï³âàâò. ïîâ³äîìëÿºòüñÿ, ùî ïîâòîðþâàíà îá-
ëàñòü ìòÄÍÊ ìîæå ñëóæèòè ìîëåêóëÿðíèì 
ìàðêåðîì äëÿ ðîçð³çíåííÿ ë³í³é 70 ³çîëÿò³â F. 

Ìåòîä
Ðîçì³ð 
(ï.í.)

Ïîñèëàííÿ

ÏËÐ

ÏËÐ

ÏËÐ

Real-time ÏËÐ 
SYBR Green

Real-time 
ÏËÐ 
TaqMan
ÏËÐ

Real-time 
ÏËÐ TaqMan

Real-time 
ÏËÐ SYBR Green
Real-time 
ÏËÐ TaqMan

Real-time 
ÏËÐ TaqMan

300

225

292

228

72

94

92

72

47

51

57

57

52

58

77

352

193

58

127

199

Kulik T, et al, 2008

Scauflaire J, et al, 
2012

Yin Y, et al, 2009

Nicolaisen M, et al, 
2009

Bilska K, at al. 2018 

Yin Y, et al, 2009

Vegi A, and Wolf-
Hall CE, 2013

Nicolaisen M, et al, 
2009
Vegi A, and Wolf-
Hall C.E, 2013
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Ò.Â. Áóñëèê, Â.Ï. Ðîñàëîâñüêèé, Þ.Ò. Ñàëèãà

Oxysporum. Äîâæèíà ¿õ ïîñë³äîâíîñòåé MtR 
êîëèâàºòüñÿ â³ä 1100 ³ 1250 ï.í. (Fourie G et 
al, 2009). ²ñíóº âåëèêà ê³ëüê³ñòü ì³êîòîêñèíî-
ãåííèõ âèä³â Fusarium, ÿê³ âîëîä³þòü ð³çíîþ 
ïàòîãåíí³ñòþ, ÷óòëèâ³ñòþ äî ôóíã³öèä³â òà 
¿õ çäàòí³ñòþ ñèíòåçóâàòè ì³êîòîêñèíè, òîìó 
êîðåêòíà ³äåíòèô³êàö³ÿ òà ê³ëüê³ñíà îö³íêà 
ìàþòü ïåðøî÷åðãîâå çíà÷åííÿ ó ïðîô³ëàêòèö³ 
ì³êîòîêñèêîç³â. Íà îñíîâ³ ïîñë³äîâíîñò³ ÄÍÊ 
ãåíó EF1� (tef-1�) Nicolaisen Ì ç³ ñï³âàòîðàìè 
ðîçîáèëè ÏËÐ òåñò-ñèñòåìó äëÿ ³äåíòèô³êàö³¿ 
òà ê³ëüê³ñíî¿ îö³íêè 11 âèä³â ðîäó Fusarium: F. 
graminearum, F. culmorum, F. poae, F. langsethiae, 
F. sporotrichioides, F. equiseti, F. tricinctum, F. 
avenaceum, F. verticillioides, F. subglutinans òà F. 
proliferatum (Nicolaisen Ì et al, 2009). Âèêîðèñ-
òàííÿ ãåíó EF1� îáóìîâëåíå òèì, ùî â³í äîáðå 
îõàðàêòåðèçîâàíèé äëÿ áàãàòüîõ âèä³â Fusarium 
òà ïîêàçóº âèñîêèé ð³âåíü ïîë³ìîðô³çìó. ×óò-
ëèâ³ñòü ìåòîäó ñòàíîâèòü ïðèáëèçíî 0,1 ïã 
ÄHK. Yin Y ç³ ñï³âàâò. ðîçðîáèëè ìåòîä ÏËÐ 
äëÿ ê³ëüê³ñíîãî âèÿâëåííÿ F. asiaticum òà F. 
graminearum ó íàñ³íí³ ïøåíèö³, îòðèìàíîìó ç 
ð³çíèõ ì³ñöåâîñòåé Êèòàþ, äå áóëè âèêîðèñòàí³ 
ïðàéìåðè êîìïëåìåíòàðí³ äî ä³ëÿíêè â ìåæàõ 
ïåðøîãî òà äðóãîãî ³íòðîí³â ãåíó tub-òóáóë³íó 
(Yin Y et al, 2009). Ïàðàëåëüíî â öüîìó æ 
äîñë³äæåíí³ ïîêàçàíî àïðîáàö³þ äâîõ ïàð 
âèñîêîñïåöèô³÷íèõ ïðàéìåð³â, çà äîïîìîãîþ 
ÿêèõ àìïë³ô³êóºòüñÿ ôðàãìåíò ãåíà cyp51A, 
äëÿ âèäîâî¿ ³äåíòèô³êàö³¿ F. asiaticum òà F. gra-
minearum.

Ó íàâåäåíèõ äâîõ îñòàíí³õ ðîáîòàõ âèêî-
ðèñòàíèé ìåòîä ÏËÐ ç äåòåêö³ºþ ïðîäóêò³â 
àìïë³ô³êàö³¿ â ðåæèì³ ðåàëüíîãî ÷àñó (Real-
Time ÏËÐ) ³ç âèêîðèñòàííÿì SYBR Green. 
Îñíîâíèì íåäîë³êîì öüîãî ìåòîäó º çäàò-
í³ñòü SYBR Green çâ’ÿçóâàòèñÿ ç áóäü-ÿêîþ 
äâîëàíöþãîâîþ ÄÍÊ, ùî ç’ÿâëÿºòüñÿ â ðåàê-
ö³éí³é ñóì³ø³, ÿêà ìîæå áóòè ÿê ö³ëüîâèì 
ïðîäóêòîì ÏËÐ, òàê ³ àðòåôàêòîì (Arya M et 
al, 2005). Á³ëüø âèñîêîñïåöèô³÷íèì ìåòîäîì, 
ÿêèé ñüîãîäí³ çàñòîñîâóºòüñÿ ïðè ê³ëüê³ñíî-
ìó äîñë³äæåíí³ ì³êîá³îòè º ÏËÐ ç äåòåêö³ºþ 
ïðîäóêò³â àìïë³ô³êàö³¿ â ðåæèì³ ðåàëüíîãî ÷à-
ñó (Real-Time ÏËÐ) ³ç âèêîðèñòàííÿì çîíä³â
TaqMan, ùî îáóìîâëþº çðîñòàííÿ ñïåöèô³÷-
íîñò³ âèÿâëåííÿ ãðèáêîâèõ çáóäíèê³â. Çðîñ-
òàííÿ ïðîäóêò³â ÏËÐ âèÿâëÿþòü øëÿõîì ìîí³-
òîðèíãó çá³ëüøåííÿ ôëóîðåñöåíö³¿. Vegi A òà 

Wolf-Hall C ðîçðîáèëè ìóëüòèïëåêñíó ÏËÐ 
òåñò-ñèñòåìó ç äåòåêö³ºþ ïðîäóêò³â àìïë³ô³-
êàö³¿ â ðåæèì³ ðåàëüíîãî ÷àñó (Real-Time 
ÏËÐ) ³ç âèêîðèñòàííÿì çîíä³â TaqMan äëÿ 
îäíî÷àñíîãî âèÿâëåííÿ òà ê³ëüê³ñíî¿ îö³íêè 
ì³êîòîêñèãåííèõ âèä³â Fusarium, Penicillium 
òà Aspergillus â çåðíàõ çëàê³â (Vegi A òà Wolf-
Hall C, 2013). ßê ö³ëüîâ³ ãåíè ó ¿õí³é ðîáîò³ 
áóëè âèêîðèñòàí³: ãåí, ùî çàä³ÿíèé ó ñèíòåç³ 
òðèõîòåöåíó (tri5), ãåí ïîë³êåòèäñèíòàçè, ùî 
áåðå ó÷àñòü ó á³îñèíòåç³ îõðàòîêñèíó À (pks) òà 
ãåí âåëèêî¿ ñóáîäèíèö³ ðèáîñîìíî¿ ÐÍÊ (28S 
ðÐÍÊ) äëÿ âèÿâëåííÿ Fusarium spp, Àspergillus 
spp òà Penicillium spp, â³äïîâ³äíî.

Ê³ëüê³ñíîìó âèçíà÷åííþ ÄÍÊ ãðèá³â ÷àñòî
ìîæå çàâàæàòè â³äíîñíî íèçüêèé ð³âåíü êîí-
òàì³íàö³¿ ðîñëèííèõ çðàçê³â òà ñòðóêòóðà êë³-
òèííî¿ ñò³íêè ãðèáà, ùî óñêëàäíþº åêñòðàê-
ö³þ íóêëå¿íîâî¿ êèñëîòè. Äëÿ âäîñêîíàëåííÿ 
÷óòëèâîñò³ ê³ëüê³ñíî¿ îö³íêè ãðèá³â ìîëåêó-
ëÿðíî-ãåíåòè÷í³ ï³äõîäè ñïðÿìîâóþòü íà 
ìòÄÍÊ. Òàê, äëÿ ê³ëüê³ñíî¿ îö³íêè F. culmo-
rum Bilska K. ç³ ñï³â. âèêîðèñòàëà ó ÏËÐ Real-
Time ÿê ö³ëüîâèé ãåí – ì³òîõîíäð³àëüíèé ãåí 
cox2, à ñàìå íóêëåîòèäíó ïîñë³äîâí³ñòü, ÿêà 
çíàõîäèòüñÿ â 3 ³íòðîí³ öüîãî ãåíà (Bilska K 
et al, 2018). Ï³äá³ð ïðàéìåð³â çä³éñíþâàëè íà 
îñíîâ³ ïîð³âíÿëüíîãî àíàë³çó íóêëåîòèäíèõ ïî-
ñë³äîâíîñòåé ì³òîõîíäð³àëüíèõ ãåíîì³â 3-õ âè-
ä³â: F. culmorum, F. graminearum s.s. òà F. gerla-
chii. ²íòðîí 3 ó ãåí³ cox2 áóâ âèÿâëåíèé ëèøå 
ó F. culmorum. Ìåæà ê³ëüê³ñíîãî âèçíà÷åííÿ 
ñòàíîâèëà 0,05 ïã, ùî â 18 ðàç³â íèæ÷å, í³æ 
ó ³íøîãî ñïåöèô³÷íîãî àíàë³çó TaqMan äëÿ 
F. culmorum, ñïðÿìîâàíîãî íà ÿäåðíèé ãåíîì 
(Waalwijk C et al, 2004).

Ïèòàííÿ ðîçðîáêè ÏËÐ-òåñò³â äëÿ ³äåí-
òèô³êàö³¿ ì³êîòîêñèíîãåííèõ âèä³â ãðèá³â ó 
ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóðàõ çàëèøàºòüñÿ 
àêòóàëüíèì ³ íà äàíèé ÷àñ, òàê ó 2020 ðîö³ îïóá-
ë³êîâàíà ðîáîòà Rahman H ç³ ñï³âàâòîðàìè, ó 
ÿê³é îïèñàíî ðîçðîáêó ìóëüòèïëåêñíî¿ ÏËÐ 
äëÿ îäíî÷àñíîãî âèÿâëåííÿ ì³êîòîêñèãåííèõ 
ãðèá³â, ùî íàëåæàòü äî ðîä³â Aspergillus, Fusarium 
òà Penicillium. Àâòîðè âèêîðèñòàëè òðè ïàðè 
ñïåöèô³÷íèõ ïðàéìåð³â, ÿê³ áóëè ðîçðîáëåí³ 
íà îñíîâ³ ïîñë³äîâíîñòåé âíóòð³øíüîãî òðàíñ-
êðèáîâàíîãî ñïåéñåðà (ITS) äëÿ ðîä³â Asper-
gillus òà Penicillium òà ôàêòîðà åëîíãàö³¿ 1� (tef-
1�) äëÿ ðîäó Fusarium (Rahman H et al, 2020). 
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Susca À ç³ ñï³â. â³ä³áðàëè ãåí êàëüìîäóë³íó (CaM) 
ÿê íàéêðàùèé âàð³àíò äëÿ äèôåðåíö³àö³¿ âèä³â 
Aspergillus, Fusarium, Penicillium òà Talaromyces. 
(Susca À et al, 2020). Âèð³âíþâàííÿ òà ïî-
ð³âíÿëüíèé àíàë³ç ïîñë³äîâíîñòåé ãåíó CaM 
äëÿ âèä³â, âêëþ÷åíèõ äî öüîãî äîñë³äæåííÿ, 
äîçâîëèëî ïðîâåñòè äèçàéí âèäîñïåöèô³÷íèõ 
ïàð ïðàéìåð³â äëÿ ìîëåêóëÿðíî-ä³àãíîñòè÷íèõ 
àíàë³ç³â íà îñíîâ³ ìåòîäó ÏËÐ. Çàãàëîì ó ö³é 
ðîáîò³ áóëî çàïðîïîíàâàíî 20 ð³çíèõ ïàð ïðàé-
ìåð³â, çà äîïîìîãîþ ÿêèõ ìîæíà îòðèìàòè 
³íôîðìàö³þ ïðî íàÿâí³ñòü 28 ð³çíèõ âèä³â ãðè-
á³â (àáî âèä³â-ãðóï), ùî íàëåæàòü äî Fusarium 
(14), Aspergillus (10), Penicillium (2) òà Talaromyces 
(2) (òàáë. 1). Á³ëüø³ñòü ïåðåâ³ðåíèõ ïðàéìå-
ð³â, îïèñàíèõ ó ðîáîò³ – âèäîñïåöèô³÷í³. Ó 
äåÿêèõ âèïàäêàõ âèêîðèñòàííÿ ãåíó ÑàÌ íå 
äîçâîëèëî ðîçð³çíèòè áëèçüêîñïîð³äíåí³ âè-
äè, çîêðåìà, F. proliferatum/fujikuroi, F. grami-
nearum/crookwellense/culmorum, F. langsethiae/spo-
rotrichioides ³ F. subglutinans/temperatum ³äåíòè-
ô³êóâàëèñÿ ó çàçíà÷åíèõ êîìá³íàö³ÿõ. Äîñë³ä-
æåííÿ ó ö³é ðîáîò³ îáìåæèëèñÿ âèÿâëåííÿì 
òà ³äåíòèô³êàö³ºþ âèä³â ì³êîá³îòè êóêóðóäçè.

Âèêîðèñòàííÿ ìåòîäó ÏËÐ äëÿ ïðîãíîçóâàí-
íÿ òîêñèíîãåííîãî ïîòåíö³àëó ïë³ñíåâèõ/ì³êðî-
ñêîï³÷íèõ ãðèá³â. Ñåðåä ì³êîòîêñèí³â âàãîìèì 
âïëèâîì íà âèðîáíèöòâî çåðíîâèõ êóëüòóð òà 
ÿê³ñòü êîðì³â äëÿ ñ³ëüêîãîñïîäàðñüêèõ òâàðèí 
âîëîä³þòü òðèõîòåöåíè. Ñòðóêòóðíà ñêëàäí³ñòü 
öèõ õ³ì³÷íèõ ñïîëóê º îäí³ºþ ç îñíîâíèõ àíà-
ë³òè÷íèõ ïðîáëåì äëÿ ¿õ âèÿâëåííÿ, ³äåíòèô³-
êàö³¿ òà ê³ëüê³ñíîãî âèçíà÷åííÿ (Dean R et
al, 2012).

Ðÿäîì â÷åíèõ äëÿ ãåíîòèïóâàííÿ íà îñíî-
â³ ÏËÐ çàïðîïîíîâàíî çàñòîñîâóâàòè êëàñòåð 
ãåí³â ñèíòåçó òðèõîöåí³â (TRI) ÿê ìîëåêóëÿð-
íèé ìàðêåð äëÿ ïðîãíîçóâàííÿ õåìîòèï³â Fu-
sarium spp (Laraba I et al, 2017; Wang C et al, 
2017; Villafana R et al, 2019; Ramdass A et al, 
2020). Ñ³ì ãåí³â (tri3, tri4, tri5, tri7, tri8, , tri11 òà 
tri13), ùî êîäóþòü ôåðìåíòè, ÿê³ êàòàë³çóþòü 10
ðåàêö³é â á³îñèíòåç³ òðèõîòåöåíó, âèêîðèñòî-
âóþòü äëÿ ðîçðîáêè ÏËÐ òåñò ñèñòåì äëÿ ³äåí-
òèô³êàö³¿ ïðîäóöåíò³â òðèõîòåöåí³â (Cardoza R 
et al, 2011; Yörük E and Albayrak G, 2012; Wang 
C et al, 2017; Krnjaja V et al, 2018; Crippin T et 
al, 2019).

Êëàñèô³êàö³þ òðèõîòåöåí³â çä³éñíåíî çà 
ñõåìîþ çàì³ùåííÿ 12, 13-åïîêñèòðèõîòåê-9-åí 

³ îá’ºäíàíî ó ÷îòèðè ãðóïè (òèïè A, B, C òà 
D) (McCormick S et al, 2011). Ó ìåæàõ òðè-
õîòåöåí³â òèïó Â âèä³ëÿþòü äâà õåìîòèïè –I
òà II (Pasquali M et al, 2016). Õåìîòèï I, ÿêèé 
â³äíîñèòüñÿ äî DON òà éîãî àöåòèëüîâàíèõ 
ïîõ³äíèõ, ïîä³ëÿºòüñÿ íà õåìîòèï IA äëÿ ïðî-
äóöåíò³â 3-ADON òà õåìîòèï IB äëÿ ïðîäó-
öåíò³â 15-ADON, òîä³ ÿê õåìîòèï II º õà-
ðàêòåðíòì äëÿ ïðîäóöåíò³â NIV òà/àáî 4-ANIV. 
Ãåíè òðèõîòåöåíîâîãî øëÿõó øâèäêî åâîëþ-
ö³îíóþòü, çì³íþþ÷è ôóíêö³¿ êîäîâàíèõ ôåð-
ìåíò³â, ùî ãåíåðóþòü íîâ³ òðèõîòåöåíè (Kelly 
AC and Ward TJ, 2018). Ðåçóëüòàòè äîñë³äæåíü 
Maeda K ç³ ñï³âàâòîðàìè ç âèêîðèñòàííÿì 
òðàíñãåííèõ øòàì³â F. graminearum äîçâîëÿþòü 
ïðèïóñòèòè ìîæëèâ³ñòü ðåêîìá³íàö³¿ ì³æ ³ñ-
íóþ÷èìè õåìîòèïàìè, ùî ìîæå ïðèçâåñòè äî 
óòâîðåííÿ íîâîãî øòàìó, ÿêèé ïðîäóêóâàòèìå 
ó ð³âíèõ ê³ëüêîñòÿõ ÿê DON, òàê ³ NIV (Maeda 
K et al, 2020). 

Äàí³ ïðî ãåíîòèï íà îñíîâ³ ÏËÐ-àíàë³çó 
ìîæóòü äîïîâíþòè, àëå íå çàì³íÿòè ôåíî-
òèïîâó ³íôîðìàö³þ, îòðèìàíó àíàë³òè÷íèìè 
ìåòîäàìè äîñë³äæåíü (Ramdass A et al, 2020). 
Äëÿ äèôåðåíö³àö³¿ ð³çíèõ õåìîòèï³â, ùî îáó-
ìîâëåí³ ñèíòåçîì ð³çíèõ òðèõîòåöåí³â çàñòî-
ñîâóþòüñÿ ãåíè TRI, à ñàìå tri3 tri5 tri7 òà tri12 
äëÿ äèôåðåíö³àö³¿ ãåíîòèï³â íà 3-ADON, 15-
ADON àáî NIV (Chandler E et al, 2003, Quarta 
À et al, 2006; Nielsen L et al, 2012; Covarelli L 
et al, 2015; Wang C åt al, 2017; Crippin T et al, 
2019). Íàòîì³ñòü äëÿ äèôåðåíö³àö³¿ ãåíîòèï³â 
ïðîäóöåíò³â DON òà NIV âèêîðèñòîâóþòüñÿ
tri7, tri12 òà tri13 (Tralamazza S et al, 2016; Pas-
quali M et al, 2016; Abedi-Tizaki M, Zafari D, 
2017; Wang CL, Cheng YH, 2017) (òàáë. 2). 

Ó ðîáîòàõ îñòàíí³õ ðîê³â ïîâ³äîìëÿºòüñÿ 
ïðî â³äêðèòòÿ íîâîãî òðèõîòåöåíó ³äåíòè÷íîãî 
3ADON, ÿêèé íå ìàº êåòî êèñíþ â ïîëîæåí-
í³ Ñ-8 (Varga E et al, 2015; Crippin T at al, 2019). 
Öå 3-àöåòèë NX òîêñèí (3ANX), òàêîæ îïè-
ñàíèé ÿê òîêñèí NX-2, ïîÿâó íîâîãî òîêñè-
íó ïîâ’ÿçóþòü ç³ çì³íàìè ó ïîñë³äîâíîñò³ ãåíà
tri1. Ãåí tri1 ó F. graminearum êîäóº îêñèãåíàçó 
Ð450, â³äïîâ³äàëüíó çà ïðèºäíàííÿ ã³äðîêñèëü-
íèõ ãðóï ó ïîçèö³ÿõ C-7 òà C-8 êàëîíåêòðèíó 
(McCormick S et al, 2011). Òîìó, äëÿ äèôåðí-
ö³àö³¿ øòàì³â ïðîäóöåíò³â 3ADON òà 3ANX âè-
êîðèñòîâóþòü ãåí tri1 (Liang J et al, 2014, Yue 
W 2017; Crippin T et al, 2019). Õàðàêòåðèñòèêà
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Òàáëèöÿ 2. Ïðàéìåðè, ùî âèêîðèñòîâóþòüñÿ äëÿ âèÿâëåííÿ ãåí³â ñèíòåçó ì³êîòîêñèí³â

Ö³ëüîâèé 
ãåí

Ì³êîòîêñèí, ó á³îñèíòåç³
ÿêîãî çàä³ÿíèé ãåí/Âèä ãðèáà

Íàçâà
ïðàéìåðà

Ïîñë³äîâí³ñòü ïðàéìåð³â òà çîíä³â,
(5�–3�)

esyn1

esyn1

aflM 
(ver-1)
nor-1

omt-1

tri13 

tri3

tri1

tri12

PKS13

PKS4

ZEB1

ZEB2

OTAnps

Åíí³àòèí/F. avenaceum/F. 
tricinctum

Åíí³àòèí/F. poae

Àôëàòîêñèí/Aspergillus flavus

Àôëàòîêñèí/Aspergillus

Àôëàòîêñèí/Aspergillus, 
Penicillium, òà Rhizopus

DON/Fusarium graminearum

NIV/Fusarium graminearum

3-ADON/F. graminearum, F. ñulmo-
rum, F. cerealis
15-ADON/F. graminearum, F. ñulmo-
rum, F. cerealis

3ADON-3ANX
/F. graminearum 

3ADON/ Fusarium graminearum, 
Fusarium culmorum, Fusarium 
cerealis Fusarium pseudograminearum
15ADON/Fusarium graminearum, 
Fusarium culmorum, Fusarium 
cerealis Fusarium pseudograminearum
NIV/Fusarium graminearum, 
Fusarium culmorum, Fusarium 
cerealis Fusarium pseudograminearum 
NIV/Fusarium spp
15-ADON/Fusarium spp
3-ADON/Fusarium spp

Çåàðåëîí/F. graminearum,
F. culmorum 
Çåàðåëîí/F. graminearum,
F. culmorum, F. crookwellen
Çåàðåëîí/Fusarium spp

Îõðàòîêñèí À/Penicillium spp, 
Aspergillu spp .

Avetric f
Avetric r
Avetric probe
Poae f
Poae r
Poae probe
ver1
ver2
NorF-
NorR-
F-omt
R-omt
OMTprobe
Tri13F
Tri13DONR
Tri13NIVF
Tri13R
Tri303F
Tri303R
Tri315F

Tri315R
3ANX

3ADON
TRI1-R
3ADONf
3ADONr

15ADONfwd
15ADONrev

NIVf
NIVr

12NF(F)
12-15 F(F)
12-3 F(F)
12CON(R)
ZEA-F
ZEA-R
F1
R1
Forward
Reverse
Forward
Reverse
F1OT
R1OT

AGCAGTCGAGTTCGTCAACAGA
GGCYTTTCCTGCGAACTTG
FAM – CCGTCGAGTCCTCT – MGB
GCGGCCGCTTTTGTCA
GCCTTTCCAGCAAGAGATGGT
FAM – AAAGCGGTCGAGTCTG – MGB
GCC GCA GGC CGC GGA GAA AGT
GGG GAT ATA CTC CCG CGA CAC AGC C
ACCGCTACGCCGGCGCTCTCGGCAC 
GTTGGCCGCCAGCTTCGACACTCCG
GGCCGCCGCTTTGATCTAGG
ACCACGACCGCCGCC
[HEX]-CCCACTGGTAGAGGAGATGT-[BHQ1]
CATCATGAGACTTGTKCRAGTTTGGG
GCTAGATCGATTGTTGCATTGAG
CCAAATCCGAAAACCGCAG
TTGAAAGCTCCAATGTCGTG
GATGGCCGCAAGTGGA
GCCGGACTGCCCTATTG
CTCGCTGAAGTTGGACGTAA

GTCTATGCTCTCAACGGACAAC
AATGCTAGCGAAATGATCAA

AATGCTCGCGAACTAATCAC
TTCCTGCAGGGGCTTGATG
AACATGATCGGTGAGGTATCGA   
CCATGGCGCTGGGAGTT

GTTTCGATATTCATTGGAAAGCTAC
CAAATAAGTATCGTCTGAAATTGGAAA

GCCCATATTCGCGACAATGT
GGCGAACTGATGAGTAACAAAACC

TCTCCTCGTTGTATCTGG 
TACAGCGGTCGCAACTTC 
CTTTGGCAAGCCCGTGCA 
CATGAGCATGGTGATGTC
CTGAGAAATATCGCTACACTACCGAC
CCCACTCAGGTTGATTTTCGTC
CGTCTTCGAGAAGATGACAT
TGTTCTGCAAGCACTCCGA
AAATAATTTACCCGTTCTTCTGGGAACT
CTGAAACGGAGGTGTTGAGG
GGGATTAACCGCTGTGG
TAGGCATGCCCGAAACCGAAA GT
GCCCAACGACAACCGCT
GCCATCTCCAAACTCAAGCGTG
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õåìîòèï³â âèä³â Fusarium º êîðèñíèì ³íñòðó-
ìåíòîì äëÿ âèçíà÷åííÿ òîêñèãåííîãî ïîòåí-
ö³àëó øòàì³â ãðèá³â. Ó ïóáë³êàö³ÿõ îñòàíí³õ 
ðîê³â ïîêàçàíî, ùî á³ëüø³ñòü øòàì³â F. grami-
nearum òà F. culmorum ñèíòåçóº DON, à òàêîæ 
éîãî àöåòèëüîâàí³ ôîðìè (Covarelli L et al, 
2015; Laraba I et al, 2017). Õåìîòèï 15-ADON 
áóâ íàéïîøèðåí³øèì ñåðåä ïîïóëÿö³¿ F. gra-
minearum, âèä³ëåíî¿ ç ïøåíèö³ â ²òàë³¿ (Covarelli 
L et al, 2015), ó ïðîâ³íö³¿ Õåáåé, ðîçòàøîâàíî¿ 
íà ñõîä³ Êèòàþ (Ji L et al, 2019), ó ï³âí³÷íîìó 
òà öåíòðàëüíîìó Òàéâàí³ (Wang CL et al, 2017), 
íà ï³âäí³ Ðîñ³¿ (Yli-Mattila T et al, 2009), â ²ðàí³ 
(Abedi-Tizaki M and Zafari D, 2017), â Ïîëüù³ 
(Stepien L et al, 2009), â Òóðå÷÷èí³ (Yörük E et 
al, 2012; Mert-Türk F and Gencer R, 2013), ó 
Êàíàä³ (Crippin T et al, 2019) ó ð³çí³ ðîêè. Â 
³íøèõ ðåã³îíàõ ñâ³òó, âèÿâëåíî âèñîêó ÷àñòîòó 
õåìîòèï³â NIV, çîêðåìà ó çàõ³äí³é ÷àñòèí³ Ðî-
ñ³¿ (Yli-Mattila T et al, 2009), íàòîì³ñòü õåìîòèï 
3ADON F. graminearum ïåðåâàæàº ó Ô³íëÿí-
ä³¿ òà Íîðâåã³¿, (Langseth W et al, 2001). Ó Êîðå¿
õåìîòèïè í³âàëåíîëó F. asiaticum, ùî â³äíî-
ñèòüñÿ äî âèäîâîãî êîìïëåêñó F. graminearum 
º á³ëüø ïîøèðåíèìè, í³æ õåìîòèïè äåçîêñè-
í³âàëåíîëó (Shin S et al, 2018; Jang J et al, 2019).

×àñòî â çåðí³ íà ï³âíî÷³ ªâðîïè âèÿâëÿþòü 
åíí³àòèíè, ùî â³äíîñÿòüñÿ äî ãðóïè ì³êîòîê-
ñèí³â ç ³îíîôîðíèìè âëàñòèâîñòÿìè. Ïîòåí-
ö³éíèìè ïðîäóöåíòàìè åíí³àòèí³â ââàæàþòü
F. avenaceum, F. poae òà F. tricinctum. Ïðè ìî-
í³òîðèíãó çðàçê³â òðèòèêàëå ç³áðàíèõ ó Ïîëüù³ 
âèÿâëåíî åíí³àòèí B (Enn-B), åíí³àòèí B1 
(Enn-B1), åíí³àòèí A-1(Enn-A1) ó 100 % çðàç-
ê³â òà åíí³àòèí A (Enn-A) ó 70 % çðàçê³â (Bry-
�a M et al, 2016). Ó äîñë³äæåíí³ Kulik Ò çà-
ïðîïîíîâàíî ìåòîä ÏËÐ ç âèêîðèñòàííÿì Taq
Man-çîíä³â äëÿ ê³ëüê³ñíîãî âèçíà÷åííÿ F. ave-
naceum òà/àáî F. tricinctum òà F. poae íà îñíîâ³ 
ãåíà esyn1, ùî êîäóº áàãàòîôóíêö³îíàëüíèé 
ôåðìåíò åíí³àòèí ñèíòåòàçó (Kulik T et al, 
2011). Ìåæ³ âèÿâëåííÿ äëÿ F. avenaceum/F. tri-
cinctum ñòàíîâëÿòü 19 ïã, à äëÿ F. poae – 0,3 ïã.
Àâòîðàìè â³äì³÷åíî ïîçèòèâí³ êîðåëÿö³éí³ 
çâ’ÿçêè ì³æ ð³âíÿìè åíí³àòèí³â ó çåðíàõ ïøå-
íèö³ òà ê³ëüê³ñòþ ÄÍÊ F. avenaceum òà/àáî F. 
tricinctum (R = 0,61) òà F. poae (R = 0,42) (Kulik 
T et al, 2011).

Ùå îäí³ºþ ãðóïîþ òîêñèí³â, ùî ïðîäóêó-
þòüñÿ ïåðåâàæíî ãðèáàìè ðîäó Fusarium º ôó-

Ìåòîä

Ðîçì³ð 
ôðàã-
ìåíòà 
(ï.í.)

Ïîñèëàííÿ

Real-time ÏËÐ 
TaqMan

Real-time ÏËÐ 
TaqMan
ÏËÐ

ÏËÐ

Real-time ÏËÐ 
TaqMan
SYBR GREEN
ÏËÐ

ÏËÐ

ÏËÐ

ÏËÐ

ÏËÐ

Real-time ÏËÐ 
SYBR GREEN

Real-time ÏËÐ 
SYBR GREEN
Real-time ÏËÐ 
SYBR GREEN

ÏËÐ

54

56

537

397

123

227 

312

586

864

231

231

60

57

77

840
670
410
–

193

279

129

80

459

Kulik T et al, 2011

Criseo G et al, 2001  

Priyanka S et al, 2014

Rodriguez A et al, 2012

Wang CL et al, 2017

Chandler E et al, 2003, 
Wang CL et al, 2017
Chandler E et al, 2003, 
Wang CL et al, 2017

Crippin T et al, 2019

Nielsen LK et al, 2012

Covarelli L, 2015

Atoui A et al, 2012

Meng K et al. 2010

Sim JH et al, 2018 

Luque MI et al, 2013
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ìîí³çèíè. Äî ãåí³â, ùî ïîâ’ÿçàí³ ç á³îñèíòåçîì 
FMs â³äíîñÿòü fum1 òà fum13, òîìó íà îñíîâ³ 
àíàë³çó äàíèõ ãåí³â ðîçëîáëåíî ÏËÐ òåñò ñèñ-
òåìó äëÿ âèÿâëåííÿ ôóìîí³çèí-ïðîäóêóþ÷èõ 
øòàì³â (Ramana M et al, 2011). F. verticillioides 
âèçíà÷åíî, ÿê ïåðåâàæàþ÷èé âèä, ùî ì³ñòèòü 
ãåíè fum1 òà fum13 (Sadhasivam S et al, 2017). 
Ñïîñòåð³ãàëàñÿ êîðåëÿö³ÿ ì³æ ðåçóëüòàòîì LC/
MS/MS òà HPLC àíàë³ç³â òà ðåçóëüòàòàìè ñïå-
öèô³÷íî¿ àìïë³ô³êàö³¿ ãåí³â-ì³øåíåé fum1 òà 
fum13 (Ramana M. et al, 2011; Sadhasivam S et 
al, 2017).

Äëÿ äîñë³äæåííÿ êîíòàì³íàö³¿ îõðàòîêñèí-
ïðîäóêóþ÷èìè ïë³ñíåâèìè ãðèáàìè âèêîðèñ-
òîâóþòü ìîëåêóëÿðíî-ãåíåòè÷í³ ìåòîäè, ðîç-
ðîáëåí³ íà îñíîâ³ àíàë³çó ïîñë³äîâíîñòåé ãåí³â 
á³îñèíòåòè÷íîãî øëÿõó OTA, çîêðåìà ãåí³â íå-
ðèáîñîìíèõ ïåïòèä ñèíòåòàç (NRPS) òà ïî-
ë³êåòèäíèõ ñèíòàç (PKS) (Gallo A and Perro-
ne G, 2017).

Ç ìåòîþ ³äåíòèô³êàö³¿ îõðàòîêñèí-ïðîäó-
êóþ÷èõ ãðèá³â ðîä³â Penicillium òà Aspergillus 
Luque MI ç³ ñï³âàâò îáðàëè ãåí nrps (OTAnps), 
ùî êîäóº íåðèáîñîìàëüíó ïåïòèä-ñèíòåòàçó 
(NRPS), ÿêà êàòàë³çóº ë³ãóâàííÿ ì³æ ³çîêó-
ìàðèíîâîþ ãðóïîþ, ùî ñòàíîâèòü ïîë³êåòèäíó 
ãðóïó ìîëåêóëè ÎÒÀ òà àì³íîêèñëîòîþ ôåí³-
ëàëàí³í (Luque M et al, 2013). Ïðîäåìîíñòðî-
âàíî ôóíêö³îíàëüí³ñòü äàíîãî ìåòîäó ÏËÐ 
ó ïðèðîäíèõ çàðàæåíèõ çðàçêàõ. ×óòëèâ³ñòü 
ìåòîäó äëÿ ÷èñòî¿ êóëüòóð³ ãðèá³â ñòàíîâèëà 
25 ïã öâ³ë³, à íà øòó÷íî óðàæåíèõ ïàòîãåíàìè 
õàð÷îâèõ ìàòðèöÿõ ìåæà âèÿâëåííÿ çàô³êñî-
âàíà â³ä 102 äî 104 ÊÓÎ/ã, çàëåæíî â³ä âè-
ïðîáóâàíî¿ ìàòðèö³.

Äîñë³äæåíî ãåíåòè÷íèé êëàñòåð, ÿêèé çà-
ä³ÿíèé ó á³îñèíòåç³ ZEN, äëÿ àíàë³çó íà íàÿâ-

í³ñòü çåàðàëåíîí-ïðîäóêóþ÷èõ ãðèá³â. Ó á³ëü-
øîñò³ ðîá³ò ïðîïîíóºòüñÿ äâà ãåíè ïîë³êå-
òèäñèíòàçè (PKS4 ³ PKS13) (Meng K et al, 2010; 
Atoui A et al, 2012; Sim J et al, 2018). Ó ðîáîò³ 
Atoui A äëÿ ³äåíòèô³êàö³¿ çåàðåëîí-ïðîäóêó-
þ÷èõ F. graminearum òà F. culmorum ÿê ö³ëüî-
âèé ãåí äëÿ ê³ëüê³ñíî¿ ÏËÐ âèêîðèñòàíî ãåí 
PKS13. Çàô³êñîâàíà ïîçèòèâíà êîðåëÿö³ÿ 
ì³æ ê³ëüê³ñòþ ÄÍÊ òà âì³ñòîì çåàðàëåíîíà ó 
êó-êóðóäç³ (R2 = 0,760) (Atoui A et al, 2012).
Sim JH ç³ ñï³â. ðîçðîáèëè ìóëüòèïëåêñíó ÏËÐ 
íà îñíîâ³ íóêëåîòèäíî¿ ïîñë³äîâíîñò³ ÷îòè-
ðüîõ ãåí³â, çàä³ÿíèõ ó á³îñèíòåç³ ZEN: PKS4, 
PKS13, ZEB1, ZEB2 äëÿ âèÿâëåííÿ çåàðåëîí-
ïðîäóêóþ÷èõ øòàì³â Fusarium (Sim J et al, 2018). 
Â³äì³÷åíî êîðåëÿö³þ ì³æ íàÿâí³ñòþ ÷îòèðüîõ 
ãåí³â á³îñèíòåçó ZEA ó F.equiseti òà F. gramine-
arum òà ïðîäóêóâàííÿì ZEA, ï³äòâåðäæåíîãî 
çà äîïîìîãîþ HPLC-àíàë³çó (ä³àïàçîí, 87,3–
1439,8 íã/ã òà 31,9–4732,2 íã/ã, â³äïîâ³äíî). 
Íà â³äì³íó â³ä íèõ, äëÿ âèä³â F. oxysporum,
F. sporotrichioides òà F. verticillioides, ÿê³ íå ïî-
êàçàëè æîäíî¿ àìïë³ô³êàö³¿ ÷îòèðüîõ ãåí³â-ì³-
øåíåé, ïðîäóêö³ÿ ZEA íå áóëà âèÿâëåíà. 

Êîíñåðâàòèâí³ñòü íóêëåîòèäíî¿ ïîñë³äîâ-
íîñò³ ãåí³â á³îñèíòåçó ì³êîòîêñèí³â ³ ïðîöåñ 
ãîðèçîíòàëüíîãî ïåðåíîñó ãåíåòè÷íîãî ìàòå-
ð³àëó – ï³äñòàâà äëÿ ñòâîðåííÿ óí³âåðñàëüíèõ 
ÄÍÊ-ìàðêåð³â äëÿ äåòåêö³¿ ì³êîòîêñèí³â íå-
çàëåæíî â³ä âèäîâî¿ ïðèíàëåæíîñò³ îðãàí³çì³â. 
Â÷åíèìè áóëè ðîçðîáëåí³ ñïåöèô³÷í³ ïðàéìå-
ðè òà çîíäè äî êîíêðåòíîãî ãåíó, ùî çàä³ÿíèé 
ó á³îñèíòåç³ ì³êîòîêñèíó, íåçàëåæíî â³ä âèäó 
ãðèáà. Çîêðåìà, Rodriguez A ç³ ñï³âàâò. íà îñíî-
â³ ïîñë³äîâíîñò³ ãåíà O-ìåòèëòðàíñôåðàçè ñòå-
ðèãìàòîöèñòèíó (omt-1) ðîçðîáèëè ÏËÐ-òåñò 
ñèñòåìó äëÿ âèÿâëåííÿ òà ê³ëüê³ñíîãî âèçíà-

Ö³ëüîâèé 
ãåí

Ì³êîòîêñèí, 
ó á³îñèíòåç³

ÿêîãî çàä³ÿíèé ãåí/
Âèä ãðèáà

Íàçâà
ïðàéìåðà

Ïîñë³äîâí³ñòü ïðàéìåð³â
òà çîíä³â,

(5�–3�)

fum1

fum13

Ôóìîí³çèí/Fusarium spp. Fum1f
Fum1r
Fum13f
Fum13r

ATTATGGGCATCTTACCTGGAT
ACGCAAGCTCCTGTGACAGA
AGTCGGGGTCAAGAGCTTGT
TGCTGAGCCGACATCATAATC



33ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 1

Âèÿâëåííÿ òà ê³ëüê³ñíå âèçíà÷åííÿ ì³êîòîêñèíîãåííèõ ãðèá³â ç âèêîðèñòàííÿì ìåòîäó ÏËÐ

÷åííÿ ãðèá³â, ùî ïðîäóêóþòü àôëàòîêñèí ó 
ìåæàõ ðîä³â Aspergillus, Emericella, Penicillium, 
Rhizopus (Rodriguez A et al, 2012). ×óòëèâ³ñòü
ðîçðîáëåíèõ ìåòîä³â ñòàíîâèëà 1–2 log ÊÓÎ/ã íà 
ðåàêö³þ. Ãåí omt-1 â³äíîñèòüñÿ äî ñòðóêòóð-
íèõ ãåí³â ãåííîãî êëàñòåðà àôëîòîêñèíó, äî
ÿêîãî òàêîæ íàëåæàòü ãåí ðåäóêòàçè íîðñîëî-
ðèíîâî¿ êèñëîòè (nor1) òà äåã³äðîãåíàçè âåð-
ñèêîëîðèíó À (ver1) (Sweeney M et al, 2000;
Criseo G et al, 2001; Priyanka S et al, 2014;  
Sadhasivam S et al, 2017). Ïðîäóêò ãåíà omt-1
ïåðåòâîðþº ñòåðèãìàòîöèñòèí äî O-ìåòèë-
ñòåðèãìàòîöèñòèíó (Lee L et al, 2004), àáî
äèã³äðîñòåðèãìàòîöèñòèí äî äèã³äðî-O-ìåòèë-
ñòåðèãìàòîöèñòèí (Yu et al, 2004), òîáòî ãåí
omt-1 ìîæå âèñòóïàòè ìàðêåðîì äëÿ äèôåðåí-
ö³àö³¿ ì³æ ïðîäóöåíòàìè ñòåðèãìàòîöèñòèíó 
òà àôëàòîêñèíó òà º êîðèñíèì äëÿ âèÿâëåííÿ 
òà ê³ëüê³ñíî¿ îö³íêè öâ³ëåâèõ ãðèá³â, ùî 
ñèíòåçóþòü àôëàòîêñèí, íåçàëåæíî â³ä òîãî, 
÷è âîíè ïðîäóêóþòü àôëàòîêñèí B àáî G 
(Rodriguez A et al, 2012). Çäàòí³ñòü øòàì³â
ñèíòåçóâàòè àôëàòîêñèí ó äàíîìó äîñë³äæåí-
í³ áóëà ïðîòåñòîâàíà çà äîïîìîãîþ âèñîêî-
åôåêòèâíî¿ ð³äèííî¿ õðîìàòîãðàô³¿ ç ìàñ-
ñïåêòðîìåòð³ºþ (HPLC-MS). Òàêîæ âàæëèâèì 
ðåçóëüòàòîì ö³º¿ ðîáîòè áóëî âèÿâëåííÿ ê³ëü-
êîõ âèä³â ãðèá³â ïðîäóöåíò³â àôëàòîêñèí³â, 
ÿê³ äî öüîãî íå áóëè îïèñàí³ ñàìå ÿê ïðî-
äóöåíòè, çîêðåìà ê³ëüêîõ âèä³â Penicillium (P. 
aurantiogriseum, P. griseofulvum ³ P. commune), 
Aspergillus (A. oryzae, A. tamarii òà A. tubingensis) 
òà Rhizopus (R. oryzae).

Âèñíîâêè. Ïîñò³éíèé ìîí³òîðèíã ñ³ëüñüêî-
ãîñïîäàðñüêî¿ ïðîäóêö³¿, ÿêà âèêîðèñòîâóº-
òüñÿ â ãîä³âë³ òâàðèí íà íàÿâí³ñòü òîêñèíî-
ïðîäóêóþ÷î¿ ì³êîá³îòè, ïîâèíåí ëåæàòè â îñ-

íîâ³ ñòðàòåã³¿ ñïðÿìîâàíî¿ íà çìåíøåííÿ ð³âíÿ 
òà âàæêîñò³ çàõâîðþâàíîñò³ òâàðèí ïîâ’ÿçàíî¿ 
ç ì³êîòîêñèêîçàìè. Ïðè äîñë³äæåíí³ êîðì³â 
íà áåçïå÷í³ñòü âàæëèâî íå ò³ëüêè àíàë³çóâàòè 
íàÿâí³ñòü òîêñèí³â òà ¿õ ê³ëüê³ñòü, àëå ³ äîñë³-
äèòè çàáðóäíåí³ñòü êîðìó ì³êîòîêñèíîãåííè-
ìè ãðèáàìè, ùî íàäàñòü ìîæëèâ³ñòü ñïåö³àë³ñ-
òàì ñïðîãíîçóâàòè ìîæëèâ³ñòü ïðîäóêóâàííÿ 
ì³êîòîêñèí³â òà ïðîâåñòè êîðèãóþ÷³ ä³¿ íà 
ð³çíèõ åòàïàõ âèðîáíèöòâà òà çàñòîñóâàííÿ 
êîðìó äëÿ òâàðèí. Âèêîðèñòàííÿ ìåòîä³â ÏËÐ 
äëÿ ê³ëüê³ñíî¿ îö³íêè øòàì³â öâ³ëåâèõ ãðèá³â, 
ùî ïðîäóêóþòü ì³êîòîêñèíè çíà÷íî ñêîðî÷óº 
÷àñ îòðèìàííÿ ðåçóëüòàò³â, ïîð³âíÿíî ç òðàäè-
ö³éíèìè ì³êðîá³îëîã³÷íèìè ìåòîäàìè, ùî âè-
êîðèñòîâóþòüñÿ ç ö³ºþ ìåòîþ. Ðîçãëÿíóò³ ÏËÐ-
òåñò ñèñòåìè äëÿ âèÿâëåííÿ ì³êîòîêñèíîãåí-
íèõ öâ³ëåâèõ ãðèá³â ç âèêîðèñòàííÿì íàáîð³â 
ïðàéìåð³â, ÿê³ ñïðÿìîâàí³ íà ñòðóêòóðí³ òà 
ðåãóëÿòîðí³ ãåíè, ùî áåðóòü ó÷àñòü ó á³îñèí-
òåç³ àôëàòîêñèí³â (omt-1, nor1, ver1), ôóìîí³-
çèí³â (fum1, fum13), òðèõîöåí³â (tri1, tri3, tri5, 
tri6, tri12, tri13), çåàðàëåíîíó (PKS4, PKS13, 
ZEB1, ZEB2) òà îõðàòîêñèíó (pks, ÎÒÀnps) äî-
çâîëÿþòü îòðèìàòè ðåçóëüòàò øâèäêî, ç âèñî-
êîþ ÷óòëèâ³ñòþ ³ ñïåöèô³÷í³ñòþ.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü æîäíèõ äîñë³äæåíü çà ó÷àñòþ òâàðèí ÷è 
ëþäåé, ïðîâåäåíèõ áóäü-ÿêèì ³ç àâòîð³â.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ-
÷èõ óñòàíîâ â äåðæàâíîìó, êîìåðö³éíîìó àáî 
íåêîìåðö³éíîìó ñåêòîðàõ. 

PCR-BASED DETECTION
AND QUANTIFICATION
OF MYCOTOXIN-PRODUCING FUNGI

T.V. Buslyk, V.P. Rosalovsky, Y.T. Salyha

Institute of Animal Biology NAAS,
V. Stus Street 38, Lviv 79034, Ukraine

E-mail: yursalyha@yahoo.com

One of the main factors, reducing the quality of 
agricultural products, can be contamination with molds, 
capable of producing mycotoxins that pose a threat to 
both human and animal health. In modern conditions of 
closer attention to feed safety, the issues of contamination 
with mycotoxins and mycotoxigenic fungi are especially 

Ìåòîä
Ðîçì³ð ôðàã-
ìåíòà (ï.í.)
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ÏËÐ

ÏËÐ
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relevant. This article describes the current state of 
problems regarding the contamination of agricultural 
products, caused by mycotoxins and mycotoxin-pro-
ducing fungi, both in Ukraine and worldwide. The 
impacts of the exposure of animals to the most common 
mycotoxins, namely aflatoxins, fumonisins, ochratoxins, 
trichothecenes and zearalenone, are described. The 
prospects of using polymerase chain reaction (PCR) for 
the purpose of qualitative and quantitative detection of 
mycotoxin fungi and the ability to predict the production 
of mycotoxins by individual strains were analyzed. The 
estima ted target regions in the genome of fungi can be 
potential markers for the identification of fungi species 
and determination of their chemotype. The focus is on 
the relatively simple PCR method with electrophoretic 
detection of amplification products and real-time PCR 
(RT-PCR) using SYBR Green dye interface technologies 
and TaqMan fluorescent oligonucleotide probes. We 
consider several PCR test systems for the detection 
of mycotoxinogenic molds, using sets of primers 
with structural and regulatory genes involved in the 
biosynthesis of aflatoxins (omt-1, nor1, ver1), fumonisins 
(fum1, fum13), trichocenes (tri1, tri3, tri5, tri6, tri12, 
tri13), zearalenone (PKS4, PKS13, ZEB1, ZEB2) and 
ochratoxin (pks, OTAnps). Considering the development 
of modern molecular genetic methods, the possibilities of 
using molecular methods are discussed, which include the 
analysis of DNA target regions for the differentiation of 
Fusarium, Aspergillus, Penicillium species.
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