
 

 3

ÑÅËÜÑÊÎÕÎÇßÉÑÒÂÅÍÍÀß ÁÈÎËÎÃÈß, 2015, òîì 50, ¹ 1, ñ. 3-15 
 

Îáçîðû, ïðîáëåìû, èòîãè 
 

ÓÄÊ 633/635:581.4:579.64 doi: 10.15389/agrobiology.2015.1.3rus
 

ÁÀÊÒÅÐÈÀËÜÍÛÅ ÌÈÊÐÎÎÐÃÀÍÈÇÌÛ, ÀÑÑÎÖÈÈÐÎÂÀÍÍÛÅ  
Ñ ÒÊÀÍßÌÈ ÐÀÑÒÅÍÈÉ Â ÊÓËÜÒÓÐÅ in vitro: ÈÄÅÍÒÈÔÈÊÀÖÈß È 

ÂÎÇÌÎÆÍÀß ÐÎËÜ 
(îáçîð) 

 

Ñ.Å. ÄÓÍÀÅÂÀ1, Þ.Ñ. ÎÑËÅÄÊÈÍ2 
 

Ýôôåêòèâíàÿ ñòåðèëèçàöèÿ ðàñòèòåëüíûõ ýêñïëàíòîâ è ñîáëþäåíèå ïðàâèë àíòèñåïòè-
êè íå èñêëþ÷àþò ïðèñóòñòâèÿ â in vitro êóëüòóðàõ òàê íàçûâàåìûõ ñêðûòûõ (ýíäîôèòíûõ) áàêòå-
ðèé. Ðîëü ýòèõ áàêòåðèé â êóëüòóðàõ òêàíåé ìàëî èçó÷åíà, îäíàêî åå, íàïðèìåð, ñâÿçûâàþò ñ ðå-
ãåíåðàöèîííîé ñïîñîáíîñòüþ ýêñïëàíòîâ è âîçìîæíîñòüþ òðàíñôîðìèðîâàòü êóëüòèâèðóåìûå in 
vitro êëåòêè æèâîòíûõ è ÷åëîâåêà. Áàêòåðèàëüíûå øòàììû, ïàòîãåííûå äëÿ ÷åëîâåêà, ìîãóò óñ-
òîé÷èâî ñîõðàíÿòüñÿ â ïàññèðóåìûõ êóëüòóðàõ è â ðàñòåíèÿõ ex vitro. Ðàñøèðåíèå ñðåäû îáèòà-
íèÿ áàêòåðèé ñîçäàåò ýêîëîãè÷åñêèå è ãåíåòè÷åñêèå ðèñêè, êîòîðûå îïðåäåëÿþò íåîáõîäèìîñòü 
òùàòåëüíîãî ìîíèòîðèíãà ýíäîôèòíûõ ñîîáùåñòâ â ðàñòåíèÿõ, óïîòðåáëÿåìûõ â ïèùó â ñûðîì 
âèäå, à òàêæå ïðè ïðèìåíåíèè in vitro òåõíîëîãèé â ïðàêòè÷åñêîì ðàñòåíèåâîäñòâå è äëÿ ïîëó÷å-
íèÿ ïðîäóêòîâ ïèòàíèÿ. Èäåíòèôèêàöèÿ áàêòåðèàëüíûõ ìèêðîîðãàíèçìîâ, êîëîíèçèðóþùèõ in 
vitro êóëüòóðû ðàñòåíèé, äàåò âîçìîæíîñòü èçó÷àòü âëèÿíèå áàêòåðèé íà õîçÿèíà, ïðîâîäèòü íà-
ïðàâëåííóþ õèìèîòåðàïèþ, ñîçäàâàòü áàíê äàííûõ ìèêðîîðãàíèçìîâ, àññîöèèðîâàííûõ ñ êóëüòó-
ðîé ðàñòèòåëüíûõ òêàíåé. Íàèáîëåå ðàñïðîñòðàíåíû äâà ìåòîäà èäåíòèôèêàöèè — òðàäèöèîí-
íûé, áîëåå äîñòóïíûé, íî íå ïîçâîëÿþùèé âûÿâëÿòü íåêóëüòèâèðóåìûå ôîðìû (îí îñíîâàí íà 
èñïîëüçîâàíèè êóëüòóðàëüíûõ è ìîðôîëîãè÷åñêèõ õàðàêòåðèñòèê, à òàêæå õèìè÷åñêèõ è áèîõè-
ìè÷åñêèõ ðåàêöèé), è ìîëåêóëÿðíî-ãåíåòè÷åñêèé. Â ïîñëåäíåì ñëó÷àå ñ èñïîëüçîâàíèåì ìåòàãå-
íîìíîé ÄÍÊ è ñîîòâåòñòâóþùèõ ñïåöèôè÷åñêèõ ïðàéìåðîâ îïðåäåëÿþò ðàçëè÷íûå ïîñëåäîâà-
òåëüíîñòè 16S-ðÐÍÊ, èìåþùèå êàê êîíñåðâàòèâíûå ñàéòû, îäèíàêîâûå ó âñåõ ïðîêàðèîòîâ, òàê 
è ïðèãîäíûå äëÿ èäåíòèôèêàöèè âèäîñïåöèôè÷íûå ó÷àñòêè. Âíóòðåííèå òðàíñêðèáèðóåìûå ñïåéñå-
ðû (internal transcribed spacers — ITS) ïðåèìóùåñòâåííî ïðèìåíÿþò äëÿ ðàçëè÷åíèÿ ìèêðîîðãà-
íèçìîâ íà óðîâíå âèäîâ è äàæå øòàììîâ. Òàêñîíîìè÷åñêèé ñîñòàâ áàêòåðèàëüíûõ ýíäîôèòîâ 
ñâèäåòåëüñòâóåò îá èõ ðàçíîîáðàçèè è îòñóòñòâèè ñïåöèôè÷åñêîãî íàáîðà â in vitro êóëüòóðàõ 
ðàñòåíèé ðàçíîé ñèñòåìàòè÷åñêîé ïðèíàäëåæíîñòè è â ýêñïëàíòàõ, îòíîñÿùèõñÿ ê ðàçíûì îðãà-
íàì ðàñòåíèÿ. Ñðåäè èäåíòèôèöèðîâàííûõ ýíäîôèòíûõ áàêòåðèé âûÿâëåíû ïîòåíöèàëüíî ïîëåç-
íûå äëÿ èíòàêòíûõ ðàñòåíèé, â ÷àñòíîñòè Streptomycete, Pantoea agglomerans è äð., à òàêæå ïàòî-
ãåííûå äëÿ ÷åëîâåêà, íàïðèìåð Ralstonia mannitolytica, Staphylococcus epidermidis, Corynebacterium 
amycolatum, Bacillus neonatiensis, Salmonella è Nocaridia spp. Ïðè in vitro êóëüòèâèðîâàíèè ðàñòè-
òåëüíûõ îáúåêòîâ äëèòåëüíîå áåññèìïòîìíîå ïðèñóòñòâèå áàêòåðèé îáóñëîâëåíî, ñ îäíîé ñòîðî-
íû, ïîäàâëåíèåì èõ ðîñòà ôàêòîðàìè, ñîïðîâîæäàþùèìè êóëüòèâèðîâàíèå ðàñòèòåëüíûõ ýêñ-
ïëàíòîâ (pH, òåìïåðàòóðà íèæå îïòèìóìà äëÿ ðîñòà áàêòåðèé, àêòèâèðîâàíèå çàùèòíûõ ìåõà-
íèçìîâ), ñ äðóãîé — îäíîâðåìåííûì ïîääåðæàíèåì æèçíåäåÿòåëüíîñòè áàêòåðèé çà ñ÷åò ýêññóäà-
òîâ, âûäåëÿåìûõ ðàñòèòåëüíûì ýêñïëàíòîì. Áûñòðàÿ ïðîëèôåðàöèÿ áàêòåðèàëüíûõ êëåòîê ìî-
æåò íàñòóïèòü äàæå ïðè íåáîëüøèõ èçìåíåíèÿõ ïåðâîíà÷àëüíûõ óñëîâèé, ïðè óâåëè÷åíèè êîí-
öåíòðàöèè ðàñòèòåëüíûõ ýêññóäàòîâ è âñëåäñòâèå ñîáñòâåííî in vitro êóëüòèâèðîâàíèÿ êàê ñòðåñ-
ñà â îòñóòñòâèå ðåãóëèðóþùåé ðîëè öåëîãî îðãàíèçìà. Ïî ìåðå óâåëè÷åíèÿ ÷èñëà ïàññàæåé äîëÿ 
ðàñòèòåëüíûõ êóëüòóð ñî ñêðûòîé áàêòåðèàëüíîé êîíòàìèíàöèåé âîçðàñòàåò. Èìåþòñÿ äàííûå, 
÷òî ïðè ýòîì íåêóëüòèâèðóåìûå ýíäîôèòû ìîãóò ïðèîáðåòàòü ñòàòóñ êóëüòèâèðóåìûõ. Ñêðûòûå 
áàêòåðèàëüíûå êîíòàìèíàöèè ñïîñîáíû óãíåòàòü ðåãåíåðàöèþ, ìèêðîêëîíàëüíîå ðàçìíîæåíèå, 
âûçûâàòü ãèáåëü êóëüòèâèðóåìûõ in vitro ðàñòèòåëüíûõ îáúåêòîâ, ñëóæèòü ïðåïÿòñòâèåì äëÿ âîñ-
ïðîèçâîäèìîñòè ïðîòîêîëîâ è èìåòü îòíîøåíèå ê ïîÿâëåíèþ ýïèãåíåòè÷åñêèõ ñîìàêëîíàëüíûõ 
âàðèàíòîâ. Òàê, ôèëüòðàòû èçîëÿòîâ Acinetobacter è Lactobacillus plantarum, âûäåëåííûõ èç äå-
ãðàäèðóþùèõ êàëëóñîâ, ïðè èíîêóëÿöèè â ýêñïëàíòû èëè äîáàâëåíèè â ïèòàòåëüíóþ ñðåäó ðåçêî 
ñíèæàëè ðåãåíåðàöèþ ïîáåãîâ, à áàêòåðèè Mycobacterium obuense è M. aichiense óãíåòàëè ðàçâè-
òèå ñåìÿí â êóëüòóðå in vitro. Àêöåíòèðóåòñÿ ïðîáëåìà ïîëó÷åíèÿ ãíîòîáèîòè÷åñêèõ ðàñòèòåëüíûõ 
êóëüòóð (â ÷àñòíîñòè, â in vitro êîëëåêöèÿõ ãåíåòè÷åñêèõ áàíêîâ ðàñòåíèé), îáóñëîâëåííàÿ ñëîæ-
íîñòüþ âûÿâëåíèÿ è ýëèìèíàöèè áàêòåðèàëüíûõ ìèêðîîðãàíèçìîâ.  
 

Êëþ÷åâûå ñëîâà: êóëüòóðà òêàíåé ðàñòåíèé, áàêòåðèàëüíûå ìèêðîîðãàíèçìû, àíòèáàê-
òåðèàëüíàÿ òåðàïèÿ. 
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ñòåðèëüíîñòè (1, 2). Îäíàêî ýôôåêòèâíàÿ ñòåðèëèçàöèÿ ðàñòèòåëüíûõ ýêñ-
ïëàíòîâ è ñîáëþäåíèå ïðàâèë àíòèñåïòèêè íå èñêëþ÷àþò ïðèñóòñòâèÿ â 
êóëüòóðàõ in vitro ñêðûòûõ áàêòåðèé (áåç âèçóàëüíî íàáëþäàåìîãî ðîñòà è 
ñïåöèôè÷åñêèõ ñèìïòîìîâ) (3-5). Áàêòåðèàëüíûå ìèêðîîðãàíèçìû, åñòå-
ñòâåííûì ìåñòîì îáèòàíèÿ êîòîðûõ ñëóæèò âîçäóøíàÿ ñðåäà, ïî÷âà, ðàñ-
òåíèÿ è ÷åëîâåê, äåòåêòèðóþò è èäåíòèôèöèðóþò ñ ïîìîùüþ ìèêðîáèîëî-
ãè÷åñêèõ, ìîëåêóëÿðíî-ãåíåòè÷åñêèõ è áèîõèìè÷åñêèõ ìåòîäîâ êàê â äëè-
òåëüíî ïàññèðóåìûõ, òàê è â èíèöèèðóåìûõ in vitro ðàñòèòåëüíûõ êóëüòó-
ðàõ (6-14). Ñêðûòûå áàêòåðèàëüíûå èíôåêöèè, îáîçíà÷àåìûå ìíîãèìè èñ-
ñëåäîâàòåëÿìè êàê âíóòðåííèå, èëè ýíäîôèòíûå, âûÿâëÿþò â êóëüòèâè-
ðóåìûõ in vitro êàëëóñàõ, ìèêðîðàñòåíèÿõ, à òàêæå â ðàçëè÷íûõ òèïàõ ýêñ-
ïëàíòîâ — â âåðõóøêàõ ïîáåãîâ, ïî÷êàõ, ìåðèñòåìàõ (15-22). Áàêòåðèàëü-
íûå ýíäîôèòû, êîòîðûå âûïîëíÿþò ðÿä ôóíêöèé, âàæíûõ äëÿ ðàñòåíèé, 
áûëè è îñòàþòñÿ ïðåäìåòîì ìíîãî÷èñëåííûõ èññëåäîâàíèé (23). Â òî æå 
âðåìÿ ðîëü ýíäîôèòíûõ áàêòåðèé â êóëüòóðàõ òêàíåé ìåíåå èçó÷åíà, îäíà-
êî îíà ïðåäñòàâëÿåò èíòåðåñ êàê â ôóíäàìåíòàëüíîì, òàê è â ïðèêëàäíîì 
àñïåêòå. Â ÷àñòíîñòè, áàêòåðèàëüíûå ýíäîôèòû ðàññìàòðèâàþòñÿ â êà÷åñò-
âå êëþ÷åâîãî ôàêòîðà, îïðåäåëÿþùåãî ðåãåíåðàöèîííóþ ñïîñîáíîñòü ýêñ-
ïëàíòîâ íàðÿäó ñ ãåíîòèïîì è óñëîâèÿìè êóëüòèâèðîâàíèÿ (18). Èõ èçó-
÷àþò êàê âîçìîæíûé ïåðñïåêòèâíûé èñòî÷íèê íîâûõ êîìïîíåíòîâ äëÿ 
èñïîëüçîâàíèÿ â ïðàêòè÷åñêîé ìèêðîáèîëîãèè è ìåäèöèíå (24). Âíèìàíèå 
ê áàêòåðèàëüíûì ýíäîôèòàì îáóñëîâëåíî òàêæå íàêîïëåíèåì äàííûõ, 
óêàçûâàþùèõ íà óñëîâíîñòü èñòîðè÷åñêè ñëîæèâøåãîñÿ ðàçäåëåíèÿ ìèê-
ðîîðãàíèçìîâ íà ôèòîïàòîãåííûå, ïàòîãåííûå äëÿ æèâîòíûõ (÷åëîâåêà) è 
íåïàòîãåííûå (25). Ïîêàçàíî, ÷òî ïàòîãåííûå áàêòåðèàëüíûå øòàììû ÷å-
ëîâåêà ìîãóò óñòîé÷èâî ñîõðàíÿòüñÿ â ïàññèðóåìûõ êóëüòóðàõ è â ðàñòåíè-
ÿõ ex vitro (14), à áàêòåðèè Agrobacterium tumefaciens ñïîñîáíû òðàíñôîð-
ìèðîâàòü êóëüòèâèðóåìûå in vitro êëåòêè ÷åëîâåêà (26) è ýìáðèîíû ìîð-
ñêèõ åæåé (27). Ðàñøèðåíèå ñðåäû îáèòàíèÿ áàêòåðèé ñîçäàåò ýêîëîãè÷å-
ñêèå è ãåíåòè÷åñêèå ðèñêè, êîòîðûå îïðåäåëÿþò íåîáõîäèìîñòü òùà-
òåëüíîãî ìîíèòîðèíãà ýíäîôèòíûõ ñîîáùåñòâ, îñîáåííî â òåõ ðàñòåíèÿõ, 
êîòîðûå ÷åëîâåê óïîòðåáëÿåò â ïèùó â ñûðîì âèäå (14, 28). Ýòà ïðîáëå-
ìà àêòóàëüíà è äëÿ êóëüòóðû òêàíåé ðàñòåíèé, ïîñêîëüêó in vitro òåõíî-
ëîãèè íàõîäÿò øèðîêîå ïðèìåíåíèå â ïðàêòè÷åñêîì ðàñòåíèåâîäñòâå è 
ïîëó÷åíèè ïðîäóêòîâ ïèòàíèÿ.  

Öåëü íàñòîÿùåãî îáçîðà çàêëþ÷àëàñü â ñáîðå è ñèñòåìàòèçàöèè 
äàííûõ, êàñàþùèõñÿ âûÿâëåíèÿ, èäåíòèôèêàöèè, ñîñòàâà, äèíàìèêè, âîç-
ìîæíîé ðîëè è ýëèìèíàöèè ñêðûòûõ áàêòåðèàëüíûõ êîíòàìèíàöèé â 
êóëüòóðå òêàíåé ðàñòåíèé.  

Áàêòåðèàëüíûå ìèêðîîðãàíèçìû, ïðèñóòñòâèå êîòîðûõ â êóëüòèâè-
ðóåìûõ in vitro ðàñòèòåëüíûõ îáúåêòàõ íå ñîïðîâîæäàåòñÿ âèçóàëüíûìè 
ïðîÿâëåíèÿìè è ñïåöèôè÷åñêèìè ñèìïòîìàìè, â ëèòåðàòóðå îáîçíà÷àþò 
êàê ëàòåíòíûå, ñêðûòûå, ýíäîãåííûå, âíóòðåííèå, ýíäîôèòíûå, íåðåäêî 
èñïîëüçóÿ ýòè òåðìèíû êàê ñèíîíèìû. Íàèáîëåå ÷àñòî òàêèå áàêòåðèàëü-
íûå ìèêðîîðãàíèçìû â êóëüòóðå òêàíåé ðàñòåíèé íàçûâàþò ëàòåíòíûìè. Â 
îäíîé èç ðàáîò (29) ïîä÷åðêèâàåòñÿ, ÷òî òåðìèí «ëàòåíòíûé» çàèìñòâîâàí 
èç ôèòîïàòîëîãèè, ãäå îí ïðèìåíÿåòñÿ äëÿ îïèñàíèÿ áåññèìïòîìíûõ ïà-
òîãåíîâ, â òî âðåìÿ êàê áàêòåðèàëüíûå ìèêðîîðãàíèçìû â êóëüòóðå ðàñòè-
òåëüíûõ òêàíåé íå îáÿçàòåëüíî ïàòîãåííû (èõ âëèÿíèå ìîæåò áûòü îòðè-
öàòåëüíûì, ïîëîæèòåëüíûì èëè îòñóòñòâîâàòü). Àâòîð öèòèðóåìîé ðàáîòû 
(29) íàðÿäó ñ äðóãèìè èññëåäîâàòåëÿìè (30, 31) ñ÷èòàåò áîëåå öåëåñîîá-
ðàçíûì èñïîëüçîâàòü äëÿ óêàçàííûõ áàêòåðèàëüíûõ ìèêðîîðãàíèçìîâ òåð-
ìèí «ñêðûòûå». Ñêðûòûå áàêòåðèàëüíûå ìèêðîîðãàíèçìû ìíîãèå èññëå-
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äîâàòåëè íàçûâàþò ýíäîôèòàìè íà îñíîâàíèè èõ íàëè÷èÿ â êóëüòóðå ðàñ-
òèòåëüíûõ îáúåêòîâ, ïðîøåäøèõ ïîâåðõíîñòíóþ ñòåðèëèçàöèþ. Ìû áóäåì 
óïîòðåáëÿòü òåðìèí «ýíäîôèòíûå áàêòåðèè» â ñîîòâåòñòâèè ñ åãî ïðèìå-
íåíèåì àâòîðàìè öèòèðóåìûõ ðàáîò.  

Ñîãëàñíî øèðîêî èñïîëüçóåìîìó îïðåäåëåíèþ, ýíäîôèòû — ýòî 
ìèêðîîðãàíèçìû, êîòîðûå, íå âûçûâàÿ ñèìïòîìîâ áîëåçíåé, â òå÷åíèå 
÷àñòè èëè âñåãî æèçíåííîãî öèêëà îáèòàþò âíóòðè ðàñòåíèÿ (32). Â ïðè-
ðîäå îíè ïîñòóïàþò â ðàñòåíèå ÷åðåç óñòüèöà, ïîðàíåíèÿ, êîðíåâóþ ñèñ-
òåìó. Ñóùåñòâåííóþ ðîëü â ôîðìèðîâàíèè ýíäîôèòíîé ìèêðîôëîðû èã-
ðàåò ïåðåäà÷à ìèêðîîðãàíèçìîâ ÷åðåç ñåìåíà, à òàêæå èõ èíòðîäóêöèÿ 
âåêòîðíûìè îðãàíèçìàìè — áåñïîçâîíî÷íûìè èëè ãðèáàìè (28, 32). Èí-
òðîäóöèðîâàííûå ìèêðîîðãàíèçìû ìîãóò âêëþ÷àòüñÿ â ñîñòàâ ìèêðîôëî-
ðû ðàñòåíèÿ â òî÷êå âõîæäåíèÿ è(èëè) ðàñïðîñòðàíÿòüñÿ ïî âñåìó ðàñòåíèþ 
(32), ïðè ýòîì îáëèãàòíîñòü íå ñëóæèò îáÿçàòåëüíûì óñëîâèåì (33).  

Ýíäîôèòíûå áàêòåðèè îáíàðóæåíû â öèòîïëàçìå êëåòîê, ìåæêëå-
òî÷íîì ïðîñòðàíñòâå (34) è â ñîñóäèñòîé ñèñòåìå (35) ðàñòåíèé. Â ðÿäå 
ðàáîò ïðèñóòñòâèå ýíäîôèòíûõ ìèêðîîðãàíèçìîâ â êóëüòèâèðóåìûõ in vi-
tro ðàñòèòåëüíûõ îáúåêòàõ ïîêàçàíî ñ ïîìîùüþ ñâåòîâîé è ýëåêòðîííîé 
ìèêðîñêîïèè, â òîì ÷èñëå ñ èñïîëüçîâàíèåì ìåòîäà in situ ãèáðèäèçàöèè 
(15, 16, 21, 36-38).  

È ñ ò î ÷ í è ê è  á à ê ò å ð è à ë ü í î é  ì è ê ð î ô ë î ð û. Ýíäîôèòíûå 
áàêòåðèè ïðîèñõîäÿò îò ýïèôèòíûõ áàêòåðèàëüíûõ àññîöèàöèé ðèçîñôåðû 
è ôèòîñôåðû ðàñòåíèÿ. Îñíîâíîé èñòî÷íèê ýíäîôèòíîé áàêòåðèàëüíîé 
ìèêðîôëîðû â êóëüòóðàõ ðàñòèòåëüíûõ òêàíåé — ýêñïëàíòû èñõîäíûõ ðàñ-
òåíèé. Àñåïòè÷åñêèå ýêñïëàíòû äëÿ êóëüòóðû in vitro ñëîæíî ïîëó÷èòü îò 
ðàñòåíèé ñ ðîçåòî÷íîé ôîðìîé ðîñòà, äðåâåñíûõ, ìíîãîëåòíèõ (12, 38), 
ïðîèçðàñòàþùèõ â ñûðûõ ìåñòàõ, ñîáðàííûõ â ïåðèîä âëàæíîé è òåïëîé 
ïîãîäû, áîëüíûõ ðàñòåíèé (21, 39), à òàêæå ïðè èñïîëüçîâàíèè ïîäçåìíûõ 
îðãàíîâ (êîðíåé, êîðíåâèù, êëóáíåëóêîâèö) (40, 41), ïî÷åê (èç-çà ïëîòíî-
ãî è ìíîãîñëîéíîãî ëèñòîâîãî ôóòëÿðà), ýïèäåðìàëüíûõ òêàíåé, îñîáåííî 
ñ âîëîñêàìè íà ïîâåðõíîñòè (42, 43). Ïðè ñòåðèëèçàöèè ðàñòèòåëüíîãî ìà-
òåðèàëà íåêîòîðàÿ ÷àñòü áàêòåðèàëüíûõ ýïèôèòîâ ìîæåò îñòàâàòüñÿ â íå-
äîñòóïíûõ äëÿ äåçèíôèöèðóþùèõ ðàñòâîðîâ ìåñòàõ, òàêèõ êàê çàêðûòûå 
óñòüèöà, ñêëàäêè ïîâåðõíîñòè êîðíåâûõ ÷åðåíêîâ, ïðîñòðàíñòâà ìåæäó 
ýïèäåðìàëüíûìè êëåòêàìè (5, 9).  

Ê èñòî÷íèêàì ñèñòåìíîé áàêòåðèàëüíîé èíôåêöèè â êóëüòóðå òêà-
íåé ðàñòåíèé ìîãóò áûòü îòíåñåíû òàêæå ðàáî÷åå ìåñòî, îïåðàòîð, èíñò-
ðóìåíòû, ïîñóäà (2, 44). Ñïîðû íåêîòîðûõ áàêòåðèé ñîõðàíÿþòñÿ ïðè àâ-
òîêëàâèðîâàíèè (36) è äîëãî îñòàþòñÿ æèçíåñïîñîáíûìè â ýòèëîâîì 
ñïèðòå (37).  

Ìå ò î äû  âûÿ â ë åíè ÿ  è  è ä åí òèôèê àöèè  á à ê ò å ðèé. Äëÿ 
âûÿâëåíèÿ è èäåíòèôèêàöèè ñêðûòûõ áàêòåðèàëüíûõ êîíòàìèíàöèé èñ-
ïîëüçóþò ïèòàòåëüíûå ñðåäû è ôèçèîëîãè÷åñêèå òåñòû, ìåòîäû, îñíîâàí-
íûå íà ïðèìåíåíèè ôàãîâ, ïðîôèëèðîâàíèè æèðíûõ êèñëîò è áåëêîâ, à 
òàêæå òèïèðîâàíèå ãåíîòèïîâ ñ ïîìîùüþ MALDI TOF (Matrix assisted la-
ser desorption/ionization time of flight) ìàññ-ñïåêòðîìåòðèè è ìîëåêóëÿðíî-
ãåíåòè÷åñêèõ ìàðêåðîâ (RAPD-PCR — random amplified polymorphic DNA 
polymerase chain reaction, REP-PCR — repetitive extragenic palindromic po-
lymerase chain reaction, AFLP — amplified fragment length polymorphism, 
ARDRA — amplified ribosomal DNA restriction analysis, 16S-rRNA). Óêàçàí-
íûå ïðèåìû ñïåöèôè÷íû ïðè ìîíèòîðèíãå íà ðàçíîì òàêñîíîìè÷åñêîì 
óðîâíå. Òàê, áîëüøèíñòâî èç íèõ ïîçâîëÿåò îïðåäåëèòü áàêòåðèàëüíûå 
ìèêðîîðãàíèçìû íà óðîâíå ñåìåéñòâà, ðîäà è âèäà, íî äëÿ àòòðèáóòèðîâà-
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íèÿ ïîäâèäîâ, áèîâàðîâ è øòàììîâ ïðåäïî÷òèòåëüíåå èñïîëüçîâàòü ñî-
âðåìåííûå áèîõèìè÷åñêèå è ìîëåêóëÿðíî-ãåíåòè÷åñêèå ìåòîäû (45).  

Íàèáîëåå øèðîêî ïðèìåíÿþò äâà ñïîñîáà âûÿâëåíèÿ è èäåíòèôè-
êàöèè áàêòåðèé. Îäèí èç íèõ, òðàäèöèîííûé, îñíîâàí íà èñïîëüçîâàíèè 
êóëüòóðàëüíûõ è ìîðôîëîãè÷åñêèõ õàðàêòåðèñòèê, à òàêæå õèìè÷åñêèõ è 
áèîõèìè÷åñêèõ ðåàêöèé (46). Îí áîëåå äîñòóïåí è íå òðåáóåò äîðîãîñòîÿ-
ùåãî îáîðóäîâàíèÿ, îäíàêî íå ïîçâîëÿåò âûÿâèòü íåêóëüòèâèðóåìûå, òî 
åñòü íå ìåòàáîëèçèðóþùèå ñóáñòðàò ïèòàòåëüíûõ ñðåä, ôîðìû áàêòåðèé. 
Âòîðîé ìåòîä, ìîëåêóëÿðíî-ãåíåòè÷åñêèé, áàçèðóåòñÿ íà àíàëèçå ãåíîâ, 
êîäèðóþùèõ ýâîëþöèîííî êîíñåðâàòèâíûå ðèáîñîìàëüíûå ÐÍÊ, ïî-
ñêîëüêó ýòè ãåíû ïðèñóòñòâóþò âî âñåõ áàêòåðèàëüíûõ êëåòêàõ è ðîäîñïå-
öèôè÷íû äëÿ áîëüøèíñòâà ìèêðîîðãàíèçìîâ (23). Äëÿ èäåíòèôèêàöèè ñå-
êâåíèðóþò ïîñëåäîâàòåëüíîñòè ðèáîñîìàëüíûõ ãåíîâ, êîäèðóþùèõ 23S-
ðÐÍÊ áîëüøîé ñóáúåäèíèöû (äëèíà ~3000 ï.í.) è 16S-ðÐÍÊ ìàëîé ñóáúå-
äèíèöû (~1500 ï.í.), à òàêæå ó÷àñòêè âíóòðåííèõ òðàíñêðèáèðóåìûõ ñïåé-
ñåðîâ (internal transcribed spacers — ITS) (47). ×àñòî îïðåäåëÿþò ðàçëè÷íûå 
ïîñëåäîâàòåëüíîñòè 16S-ðÐÍÊ, èìåþùèå êàê êîíñåðâàòèâíûå ñàéòû, îäè-
íàêîâûå ó âñåõ ïðîêàðèîòîâ, òàê è ïðèãîäíûå äëÿ èäåíòèôèêàöèè âèäîñ-
ïåöèôè÷íûå ó÷àñòêè (48, 49). Åùå áîëåå èíôîðìàòèâíû ïîñëåäîâàòåëüíî-
ñòè ðèáîñîìàëüíûõ ñïåéñåðîâ 16S—23S-ðÐÍÊ, çíà÷èòåëüíî áîëåå âàðèà-
áåëüíûå ïî ðàçìåðàì è ñòðóêòóðå ïî ñðàâíåíèþ ñ ðàéîíàìè ñàìèõ ãåíîâ. 
Ïîýòîìó âíóòðåííèå òðàíñêðèáèðóåìûå ñïåéñåðû ïðåèìóùåñòâåííî èñ-
ïîëüçóþò äëÿ ðàçëè÷åíèÿ ìèêðîîðãàíèçìîâ íà óðîâíå âèäîâ è äàæå øòàì-
ìîâ (50). Äëÿ àìïëèôèêàöèè ôðàãìåíòîâ ãåíîâ 16S-ðÐÍÊ è ITS ðåãèîíîâ 
îñóùåñòâëÿþò ïîëèìåðàçíóþ öåïíóþ ðåàêöèþ (ÏÖÐ) ñ ìåòàãåíîìíîé 
ÄÍÊ è ñîîòâåòñòâóþùèìè ñïåöèôè÷åñêèìè ïðàéìåðàìè (13, 51, 52). Ïî-
ëó÷åííûå ïðîäóêòû ñåêâåíèðóþò è ïðîâîäÿò ïîèñê ãîìîëîãè÷íûõ ïîñëå-
äîâàòåëüíîñòåé ñ ïîìîùüþ áàçû äàííûõ GenBank (53) äëÿ òàêñîíîìè÷å-
ñêîé èäåíòèôèêàöèè áàêòåðèé â èññëåäóåìîì ìàòåðèàëå. Â ïóáëèêàöèè 
À.Â. Ïèíåâè÷à (54) óïîìèíàåòñÿ î ñåêâåíèðîâàíèè ãåíîìîâ 60 âèäîâ áàê-
òåðèé, â òî âðåìÿ êàê îáùåå ÷èñëî îïèñàííûõ áàêòåðèàëüíûõ âèäîâ ñî-
ñòàâëÿåò 5007.   

È ä å í ò è ô è ê à ö è ÿ  á à ê ò å ð è é. Èäåíòèôèêàöèÿ ìèêðîîðãàíèç-
ìîâ, êîëîíèçèðóþùèõ in vitro êóëüòóðû ðàñòåíèé, äàåò âîçìîæíîñòü èçó-
÷àòü âëèÿíèå áàêòåðèé íà õîçÿèíà, ïðîâîäèòü íàïðàâëåííóþ õèìèîòåðà-
ïèþ, ñîçäàâàòü áàíê äàííûõ ïî ìèêðîîðãàíèçìàì, àññîöèàòèâíûì ñ êóëü-
òóðîé ðàñòèòåëüíûõ òêàíåé. Â ðàííèõ ðàáîòàõ äëÿ èäåíòèôèêàöèè â îñ-
íîâíîì ïðèìåíÿëè òåñòû êëàññè÷åñêîé ìèêðîáèîëîãèè — îïðåäåëåíèå 
ñïîñîáíîñòè áàêòåðèàëüíîé êóëüòóðû ê ðîñòó íà ïèòàòåëüíûõ ñðåäàõ ðàç-
íîãî ñîñòàâà, îêðàñêà ïî Ãðàìó, ìîðôîëîãèÿ è öâåò êîëîíèé (4, 6, 9, 10, 
46). Ñîâðåìåííûå ìåòîäû ïîçâîëÿþò ñóùåñòâåííî äîïîëíèòü èíôîðìàöèþ 
î òàêñîíîìè÷åñêîì ðàçíîîáðàçèè áàêòåðèé, àññîöèðîâàííûõ ñ êóëüòóðîé 
òêàíåé ðàñòåíèé. Áàçà äàííûõ ïî òàêèì ìèêðîîðãàíèçìàì ñòðåìèòåëüíî 
óâåëè÷èâàåòñÿ. Â òàáëèöå ïðèâåäåí òàêñîíîìè÷åñêèé ñîñòàâ áàêòåðèàëü-
íûõ ýíäîôèòîâ â in vitro êóëüòóðàõ äëÿ ñðàâíèòåëüíî îãðàíè÷åííîé âû-
áîðêè èññëåäîâàííûõ ðàñòåíèé, ñâèäåòåëüñòâóþùèé î ðàçíîîáðàçèè ôîðì, 
ñïîñîáíûõ êîëîíèçèðîâàòü òêàíè â êóëüòóðå in vitro — íèøå, â êîòîðîé 
óñëîâèÿ ðåçêî îòëè÷àþòñÿ îò ïðèðîäíûõ. Ïðè ýòîì îòìå÷àåòñÿ îòñóòñòâèå 
ñïåöèôè÷åñêîãî ñîñòàâà ýíäîôèòíûõ áàêòåðèé â in vitro êóëüòóðàõ ðàñòå-
íèé ðàçíîé ñèñòåìàòè÷åñêîé ïðèíàäëåæíîñòè è â ýêñïëàíòàõ, îòíîñÿùèõ-
ñÿ ê ðàçíûì îðãàíàì ðàñòåíèÿ. Òàêîé æå âûâîä ìîæíî ñäåëàòü, àíàëèçè-
ðóÿ äàííûå ïî èäåíòèôèêàöèè áàêòåðèé â êóëüòóðàõ òêàíåé, ïîëó÷åííûå â 
áîëåå ðàííèõ èññëåäîâàíèÿõ (4, 6, 9, 10).   
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Ñðåäè èäåíòèôèöèðîâàííûõ ýíäîôèòíûõ áàêòåðèé âûÿâëåíû ïî-
òåíöèàëüíî ïîëåçíûå äëÿ èíòàêòíûõ ðàñòåíèé, â ÷àñòíîñòè Streptomycete, Pan-
toea agglomerans è äð., à òàêæå ïàòîãåííûå äëÿ ÷åëîâåêà, íàïðèìåð Ralstonia 
mannitolytica, Staphylococcus epidermidis, Corynebacterium amycolatum, Bacillus 
neonatiensis, Salmonella è Nocaridia spp. (13).   

Äèí àìèê à  ý ê ñïð å ñ ñèè  á à ê ò å ðèé. Äëèòåëüíîå áåññèìïòîì-
íîå ïðèñóòñòâèå áàêòåðèé â in vitro ðàñòèòåëüíûõ êóëüòóðàõ îáåñïå÷èâàåò-
ñÿ äâóìÿ ïðîòèâîïîëîæíûìè ïðîöåññàìè — îãðàíè÷åíèåì ðîñòà è ïîä-
äåðæàíèåì æèçíåäåÿòåëüíîñòè ýòèõ ìèêðîîðãàíèçìîâ. Ðîñò ïîäàâëÿåòñÿ 
ôàêòîðàìè, ñîïðîâîæäàþùèìè êóëüòèâèðîâàíèå ðàñòèòåëüíûõ îáúåêòîâ: pH 
(ïîäêèñëåíèå ïèòàòåëüíîé ñðåäû), òåìïåðàòóðà (25 °Ñ) íèæå îïòèìóìà äëÿ 
ðîñòà áàêòåðèé, âîçìîæíîå àêòèâèðîâàíèå ìåõàíèçìîâ, îáóñëîâëèâàþùèõ 
óñòîé÷èâîñòü ðàñòèòåëüíûõ êóëüòóð ê áàêòåðèÿì (55). Â òî æå âðåìÿ æèçíå-
ñïîñîáíîñòü áàêòåðèàëüíûõ ìèêðîîðãàíèçìîâ â êóëüòóðå ðàñòèòåëüíûõ 
òêàíåé ïîääåðæèâàåòñÿ çà ñ÷åò ýêññóäàòîâ, âûäåëÿåìûõ ýêñïëàíòîì, òàê 
êàê áîëüøèíñòâî áàêòåðèé, íåñìîòðÿ íà ãåòåðîòðîôíûé òèï ïèòàíèÿ, íå 
ìîãóò íàäåæíî ñóùåñòâîâàòü â îòñóòñòâèå ðàñòèòåëüíîãî ìàòåðèàëà (12, 
55). Â ðåçóëüòàòå ñîõðàíÿåòñÿ íåêîòîðûé íåâûñîêèé òèòð áàêòåðèé, àññî-
öèèðîâàííûõ ñ êóëüòóðîé òêàíåé ðàñòåíèé, ñ ÷åì ñâÿçàíà áåññèìïòîì-
íîñòü è òðóäíî èñêîðåíÿåìîå äëèòåëüíîå ïðèñóòñòâèå ìèêðîîðãàíèçìîâ 
(ïåðñèñòåíòíîñòü).  

Áûñòðàÿ ïðîëèôåðàöèÿ áàêòåðèàëüíûõ êëåòîê ìîæåò íàñòóïèòü äà-
æå ïðè íåáîëüøèõ èçìåíåíèÿõ ïåðâîíà÷àëüíûõ óñëîâèé — âñëåäñòâèå ïî-
âûøåíèÿ òåìïåðàòóðû îêðóæàþùåãî âîçäóõà, èçìåíåíèÿ êèñëîòíîñòè èëè 
ñîñòàâà ïèòàòåëüíîé ñðåäû, íàïðèìåð â ðåçóëüòàòå ïîñòóïëåíèÿ äîïîëíè-
òåëüíîãî àçîòà èç îòìèðàþùèõ òêàíåé ýêñïëàíòà (55, 56), à òàêæå ïðè ñóá-
êóëüòèâèðîâàíèè ñòàðûõ êóëüòóð íà ïèòàòåëüíîé ñðåäå ñ âûñîêîé êîíöåí-
òðàöèåé öèòîêèíèíîâ (8, 57). Ðàçìíîæåíèå áàêòåðèé èíäóöèðóåòñÿ óâåëè-
÷åíèåì êîíöåíòðàöèè ýêññóäàòîâ, âûäåëÿåìûõ ðàñòèòåëüíûìè êóëüòóðàìè 
in vitro, êîòîðîå, â ñâîþ î÷åðåäü, ìîæåò ñòèìóëèðîâàòüñÿ ïîâûøåíèåì 
òåìïåðàòóðû îêðóæàþùåé ñðåäû, óâåëè÷åíèåì ïëîòíîñòè in vitro êóëüòóð, 
ïåðåíîñîì èõ íà ïèòàòåëüíóþ ñðåäó äëÿ óêîðåíåíèÿ (55). Â ðåçóëüòàòå áû-
ñòðîãî ðàçìíîæåíèÿ áàêòåðèàëüíûõ ìèêðîîðãàíèçìîâ âîçìîæíî ïîÿâëå-
íèå âèäèìûõ ñèìïòîìîâ â in vitro êóëüòóðàõ è(èëè) âèäèìîãî ðîñòà íà 
ñðåäå êóëüòèâèðîâàíèÿ ýêñïëàíòîâ (3). Âûõîä áàêòåðèàëüíûõ ìèêðîîðãà-
íèçìîâ èç êóëüòèâèðóåìûõ òêàíåé â òîëùó ïèòàòåëüíîé ñðåäû, êàê ïðàâè-
ëî, ñîïðîâîæäàåòñÿ îáðàçîâàíèåì â íåé ìóòíîãî îðåîëà, îòìå÷åííîãî ìíî-
ãèìè èññëåäîâàòåëÿìè (7, 10, 11, 58, 59). Â îòñóòñòâèå ðåãóëèðóþùåé ðîëè 
öåëîãî îðãàíèçìà áåñêîíòðîëüíîå ðàçìíîæåíèå ýíäîôèòîâ â êóëüòóðå òêà-
íåé ðàñòåíèé ìîæåò ñòèìóëèðîâàòüñÿ ñîáñòâåííî in vitro êóëüòèâèðîâàíè-
åì êàê ôàêòîðîì ñòðåññà (16).  

Â ðÿäå ðàáîò ïîêàçàíî, ÷òî ïî ìåðå óâåëè÷åíèÿ ÷èñëà ïàññàæåé äî-
ëÿ ðàñòèòåëüíûõ êóëüòóð ñ âèäèìîé áàêòåðèàëüíîé êîíòàìèíàöèåé óìåíü-
øàåòñÿ, ñî ñêðûòîé — âîçðàñòàåò. Ïðè ýòîì ìîæåò ïðîèñõîäèòü èçìåíåíèå 
ñîñòàâà ìèêðîîðãàíèçìîâ, óâåëè÷åíèå ÷èñëà ãðàìïîëîæèòåëüíûõ ôîðì è 
ñïîñîáíîñòè áàêòåðèé ê êóëüòèâèðîâàíèþ (4, 13, 21). Òàê, â ïàññèðóåìîé 
êóëüòóðå èíäèâèäóàëüíûõ ìèêðîðàñòåíèé áàíàíà ïîêàçàíî ñóùåñòâîâàíèå 
áàêòåðèàëüíûõ ýíäîôèòîâ, êîòîðûå â ïåðâûõ òðåõ ïàññàæàõ áûëè íåêóëü-
òèâèðóåìûìè è âûÿâèëèñü òîëüêî ìåòîäîì ñåêâåíèðîâàíèÿ ãåíà 16S-
ðÐÍÊ (áàêòåðèè VBNC — viable but nonculturable). Îäíàêî â ïîñëåäóþùèõ 
ïàññàæàõ (ñ 4-ãî äî 18-ãî) â ýòèõ æå ìèêðîðàñòåíèÿõ âûÿâèëèñü êóëüòèâè-
ðóåìûå áàêòåðèè (13, 21). Àâòîðû öèòèðóåìûõ ðàáîò ïîëàãàþò, ÷òî ïî ìå-
ðå âîçðàñòàíèÿ ÷èñëà ïàññàæåé ðàñòèòåëüíûõ êóëüòóð ñîäåðæàùèåñÿ â íèõ 
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VBNC ýíäîôèòû ìîãóò ïðèîáðåòàòü ñòàòóñ êóëüòèâèðóåìûõ.  
Â ëèÿíè å  á à ê ò å ðèé  í à  ê î ë îíè çèð ó åìûå  èìè  ð à ñ ò è -

ò å ë üíûå  ê ó ë ü ò ó ðû  in vitro. Áàêòåðèàëüíûå ìèêðîîðãàíèçìû, àññîöèè-
ðîâàííûå ñ êóëüòóðîé ðàñòèòåëüíûõ òêàíåé, ñïîñîáíû îòðèöàòåëüíî âëè-
ÿòü íà ðåãåíåðàöèîííóþ ñïîñîáíîñòü êàëëóñà, êëåòî÷íûõ ñóñïåíçèé è 
ïðîòîïëàñòîâ (56, 38), óãíåòàòü ìèêðîêëîíàëüíîå ðàçìíîæåíèå, ðîñò è 
óêîðåíåíèå ïîáåãîâ, âûçûâàòü ãèáåëü êóëüòèâèðóåìûõ in vitro è ex vitro 
ðàñòèòåëüíûõ îáúåêòîâ (3, 11, 13, 21, 29, 36, 37, 57, 60). Ñêðûòûå áàêòåðè-
àëüíûå êîíòàìèíàöèè â ðàñòèòåëüíûõ êóëüòóðàõ ìîãóò ñëóæèòü ïðåïÿòñò-
âèåì äëÿ âîñïðîèçâîäèìîñòè ïðîòîêîëîâ (29) è èìåòü îòíîøåíèå ê ïîÿâ-
ëåíèþ ýïèãåíåòè÷åñêèõ ñîìàêëîíàëüíûõ âàðèàíòîâ (61). Îäíà èç âåðîÿò-
íûõ ïðè÷èí íåãàòèâíîãî âëèÿíèÿ ñêðûòûõ áàêòåðèàëüíûõ ìèêðîîðãàíèç-
ìîâ — ïîâûøåíèå èõ òèòðà. Òàêàÿ âîçìîæíîñòü ðàññìàòðèâàåòñÿ íåêîòî-
ðûìè àâòîðàìè â ñâÿçè ñ ãèáåëüþ ðàñòèòåëüíûõ êóëüòóð ïîñëå 2-ãî èëè 3-ãî 
ñóáêóëüòèâèðîâàíèÿ (18, 62). Â ñâîèõ èññëåäîâàíèÿõ ìû òàêæå îòìå÷àëè, 
÷òî 2-é è 3-é ïàññàæè — êðèòè÷åñêèå äëÿ ìèêðîðàçìíîæåíèÿ ââåäåííûõ â 
êóëüòóðó in vitro ýêñïëàíòîâ ìàëèíû (59). Óãíåòàþùåå äåéñòâèå áàêòåðèé 
íà in vitro ðàñòèòåëüíûå îáúåêòû ìîæåò áûòü òàêæå ñâÿçàíî ñ èçìåíåíèåì 
êèñëîòíîñòè ïèòàòåëüíîé ñðåäû èëè åå ñîñòàâà ïîä âëèÿíèåì áàêòåðèé 
(ïîòðåáëåíèå ñàõàðîçû, îáðàçîâàíèå ãåðáèöèäíûõ ñóáñòàíöèé) (63).   

Îñîáûé èíòåðåñ ïðåäñòàâëÿþò ðàáîòû ïî èçó÷åíèþ âëèÿíèÿ àêñå-
íè÷åñêèõ áàêòåðèàëüíûõ êóëüòóð íà in vitro ðàñòèòåëüíûå îáúåêòû. Ïîêà-
çàíî, ÷òî ôèëüòðàòû êóëüòóð Acinetobacter è Lactobacillus plantarum, âûäå-
ëåííûõ èç äåãðàäèðóþùèõ êàëëóñîâ ðàñòåíèé, ïðè èíîêóëèðîâàíèè â ðàñ-
òèòåëüíûå ýêñïëàíòû èëè äîáàâëåíèè â ïèòàòåëüíóþ ñðåäó ðåçêî ñíèæàëè 
ðåãåíåðàöèþ ïîáåãîâ ó êàëëóñîâ (56, 63). Áàêòåðèè Mycobacterium obuense è 
M. aichiense óãíåòàëè ðàçâèòèå ñåìÿí â êóëüòóðå in vitro (38).   

Ïîëåçíóþ ðîëü ýíäîôèòíûõ ìèêðîîðãàíèçìîâ â in vitro êóëüòóðàõ 
ðàñòåíèé íà÷àëè èññëåäîâàòü ïîçäíåå, è ýòè äàííûå ìåíåå ìíîãî÷èñëåí-
íû. Â ðÿäå ðàáîò îòìå÷åí ïîçèòèâíûé ýôôåêò áàêòåðèé ðîäà Methylobacte-
rium íà èíäóêöèþ îðãàíîãåíåçà è ýìáðèîãåíåçà (15, 17, 64-68). Ïðåäïîëà-
ãàåòñÿ, ÷òî âûÿâëåííûå ìåòîäîì in situ ãèáðèäèçàöèè â êóëüòóðå òêàíåé 
ñîñíû ýíäîôèòû Mycobacterium sp., Methylobacterium spp., Pseudomonas spp., 
Rhodotorula minuta ìîãóò èìåòü ïîëîæèòåëüíîå âëèÿíèå íà ìîðôîãåíåç â 
êóëüòóðå in vitro (17) ïî àíàëîãèè ñ äåéñòâèåì áàêòåðèé íà ðàçâèâàþùèåñÿ 
òêàíè æèâîòíûõ (69). Ïîêàçàíî ñòèìóëèðóþùåå âëèÿíèå Bacillus circulans 
íà ñîìàòè÷åñêèé ìîðôîãåíåç ó ãåðàíè (Pelargonium ½ hortorum Bailey) (70).  

Òàêèì îáðàçîì, áàêòåðèàëüíûå ìèêðîîðãàíèçìû, àññîöèèðîâàííûå 
ñ òêàíÿìè ðàñòåíèé â êóëüòóðå in vitro, ìîãóò îêàçûâàòü íà íèõ êàê 
ïîçèòèâíûå âîçäåéñòâèÿ, òàê è èãðàòü ðîëü ôàêòîðîâ, ëèìèòèðóþùèõ ðîñò 
è æèçíåäåÿòåëüíîñòü.  

Â ãåíåòè÷åñêèõ áàíêàõ ðàñòåíèé îñíîâíîå òðåáîâàíèå ê in vitro è 
êðèîêîëëåêöèÿì ðàñòåíèé çàêëþ÷àåòñÿ â îòñóòñòâèè âíóòðåííåé ìèêðî-
ôëîðû. Ãíîòîáèîòè÷åñêèé ñòàòóñ ñåðòèôèöèðîâàííîãî ðàñòèòåëüíîãî ìà-
òåðèàëà ïîçâîëÿåò èçáåæàòü ïåðåíîñà ñêðûòûõ èíôåêöèé ïðè èñïîëüçîâà-
íèè òåõíîëîãèé ìèêðîðàçìíîæåíèÿ è ñëóæèò êðèòåðèåì íàäåæíîãî ñîõðà-
íåíèÿ ãåíîòèïîâ â êîíòðîëèðóåìûõ óñëîâèÿõ ñðåäû. Äëÿ ñåðòèôèêàöèè 
ðàñòèòåëüíîãî ìàòåðèàëà â íåì ïðîâîäÿò âûÿâëåíèå, èäåíòèôèêàöèþ è 
ýëèìèíàöèþ îñíîâíûõ âèðóñîâ, ìèêîïëàçì è âñåé áàêòåðèàëüíîé ìèêðî-
ôëîðû (39). Ðàçíîîáðàçèå, ìíîãî÷èñëåííîñòü è äèíàìè÷åñêîå ñîñòîÿíèå 
áàêòåðèé â in vitro ðàñòèòåëüíûõ êóëüòóðàõ ñîçäàþò íåîáõîäèìîñòü ïåðèî-
äè÷åñêîãî òåñòèðîâàíèÿ ðàñòèòåëüíîãî ìàòåðèàëà íà ïðèñóòñòâèå áàêòåðèé   
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Ýíäîôèòíûå áàêòåðèè, âûÿâëåííûå â in vitro êóëüòóðå òêàíåé ðàñòåíèé 

Ðîä, âèä  
(ñîðò ðàñòåíèÿ) 

Òèï êóëüòóð (ïðîäîëæèòåëüíîñòü 
êóëüòèâèðîâàíèÿ in vitro)  

Ðîä, âèä áàêòåðèé  
(÷àñòîòà îáíàðóæåíèÿ, %) 

Ññûëêà

Chrysanthemum  
(Arka Swarna) 

Ìèêðîðàñòåíèÿ (1-7 ïàññàæåé) Ðàçëè÷íûå ìîðôîòèïû Curtobacterium 
citreum 

(8) 

Pinus sylvestris  Êàëëóñíàÿ êóëüòóðà Hormonema dematioides (isolates L, M),  
Methylobacterium extorquens (isolate F), 
Pseudomonas synxantha (isolates G, H, J), 
Pseudomonas sp. (isolates K, N),  
Rhodotorula minuta (isolate T)  

(16) 

Pinus sylvestris  Êàëëóñíàÿ è ñóñïåíçèîííàÿ  
êóëüòóðû  

Methylobacterium extorquens (18) 

Prunus cerasus  
(Montmorency) 

Ìèêðîðàñòåíèÿ  Pseudomonas aeruginosa (19) 

Bactris gasipaes Ìèêðîðàñòåíèÿ  Brevibacillus sp., Moraxella sp. (20) 
Musa sp. Ìèêðîðàñòåíèÿ (äëèòåëüíîå  

ìèêðîêëîíèðîâàíèå) 
Alcaligenes, Bacillus spp.,  
Brachybacterium, Brevibacterium,  
Brevundimonas, Corynebacterium,  
Enterobacter, Klebsiella, Kocuri,  
Methylobacterium,  
Microbacterium, Oceanobacillus,  
Ochrobactrum, Pantoea, Pseudomonas,  
Ralstonia, Staphylococcus, Tetrasphaer spp.  

(21) 

Musa sapientum  
(Chini champa) 

Âåðõóøêè  ïîáåãîâ  
(1-2 íåä êóëüòèâèðîâàíèÿ) 

Ãðàìïîëîæèòåëüíûå: Bacillus megaterium, 
Cellulomona uda, C. flavigena,  
Corynebacterium paurometabolum 
Ãðàìîòðèöàòåëüíûå: Erwinia cypripedii, 
Klebsiell sp., Pseudomonas sp.  

(22) 

Larix, Picea Ñóñïåíçèîííàÿ êóëüòóðà  
(6-8 íåä êóëüòèâèðîâàíèÿ) 

Acinetobacter (56) 

Chrysanthemum  
(Arka Ravi) 

Ìèêðîðàñòåíèÿ  Enterobacter, Methylobacterium spp.,  
Ralstonia 

(57) 

Rubus idaeus,  
Fragaria ananassa, 
Ñerasus vulgaris,  
Ribes nigrum 

Ìèêðîðàñòåíèÿ èç êîëëåêöèè  
in vitro 

Arthrobacter (23,5 %), Bacillus (51,5 %)  
 

Ðåæå âñòðå÷àþòñÿ Agrobacterium,  
Bacterium, Brevibacterium, Flavobacterium, 
Micrococcus, Mycobacterium,  
Pseudomonas 

(58) 

Jatropha curcas  Ëèñòîâûå ýêñïëàíòû Enterobacter ludwigii (62) 
Fragaria ananassa 
(Camarosa, Sweet  
Charlie, Oso-Grande) 

Ìåðèñòåìà  17 áàêòåðèàëüíûõ øòàììîâ èç ðîäîâ  
Bacillus, Sphingopyxis, Virgibacillus 

(64) 

Musa sp. Âåðõóøêè ïîáåãîâ  Bacillus, Brevibacillus, Paenibacillus, 
Staphylococcus spp., Virgibacillus; 
  

Actinobacteria (Cellulomonas, Micrococcus, 
Corynebacterium, Kocuria spp.);  
 

α-proteobacteria (Paracoccus sp.); 
  

Y-proteobacteria (Acinetobacter spp.,  
Pseudomonas) 

(51) 

Ilex dumosa Ñåãìåíòû óçëîâ ïîáåãà Achromobacter, Stenotrophomonas  
maltophilia 

(71) 

Echinacea Ìèêðîðàñòåíèÿ  Acinetobacter, Bacillus, Pseudomonas, Steno-
trophomonas, Wautersia (Ralstonia) 

(72) 

Carica papaya Âåðõóøêè ïîáåãîâ Agrobacterium (A. tumefaciens),  
Bacillus (B. benzoevorans), 
Brevundimonas (B. aurantiaca),  
Enterobacter (E. cloacae), 
Methylobacterium (M. rhodesianum), 
Microbacterium (M. esteraromaticum), 
Pantoea (P. ananatis) (70 %), 
Sphingomonas, Wautersia (Ralstonia) 

(73) 

Potato Ìèêðîðàñòåíèÿ  Bacillus pumilus (74) 
Carica papaya Âåðõóøêè ïîáåãîâ 

(1 ìåñ êóëüòèâèðîâàíèÿ) 
Lysinibacillus fusiformis, Paenibacillus sp., 
Pantoea sp., Ralstonia mannitolilytica, Sphin-
gomonas sp.  

(75) 

Limonium simuatum Ìèêðîðàñòåíèÿ  Alcaligenes sp., Pasteurella multocida, 
Stenotrophomonas maltophilia  

(76) 

Ananas comosus Ìèêðîðàñòåíèÿ (5 ëåò êóëüòèâèðî-
âàíèÿ) 

Actinobacteria, Alphaproteobacteria,  
Betaproteobacteria 

(77) 

Piper nigrum, Piper  
colubrinum, Taxus  
baccata subsp. wallichi-
ana, Withania somnifera 

Êàëëóñíàÿ êóëüòóðà (ïåðâè÷íûå 
ýêñïëàíòû)                                  

Aminobacter, Flavobacterium, Morococcus, 
Paracoccus Pseudomonas, Psychrobacter, 
Rhizobacter  

(78) 
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è èñïîëüçîâàíèÿ ðàçíûõ ìåòîäîâ äëÿ èõ âûÿâëåíèÿ. Ýòî ïðåäñòàâëÿåò îï-
ðåäåëåííóþ ñëîæíîñòü ïðè ðàáîòå ñ áîëüøèìè in vitro êîëëåêöèÿìè â ãå-
íåòè÷åñêèõ áàíêàõ ðàñòåíèé.  

À í ò è á à ê ò å ð è à ë ü í à ÿ  ò å ð à ï è ÿ. Äëÿ ýëèìèíàöèè áàêòåðè-
àëüíûõ ìèêðîîðãàíèçìîâ ïðèìåíÿþòñÿ àíòèáèîòèêè (79). Îïèñàíèå è 
ñâîéñòâà íåêîòîðûõ àíòèáèîòèêîâ, ïðèìåíÿåìûõ äëÿ õèìèîòåðàïèè ðàñòå-
íèé, ïðèâåäåíû â îáçîðå G. Seckinger ñ ñîàâò. (80). Èäåàëüíûå àíòèáèîòè-
êè, ðåêîìåíäóåìûå äëÿ ýëèìèíàöèè áàêòåðèé â êóëüòóðå ðàñòèòåëüíûõ 
òêàíåé, äîëæíû áûòü áàêòåðèöèäíûìè, íåäîðîãèìè, íåòîêñè÷íûìè äëÿ 
÷åëîâåêà, ðàñòâîðèìûìè â ïèòàòåëüíûõ ñðåäàõ è íå èçìåíÿòü èõ pH (9, 
61). Ðåçóëüòàòèâíîñòü âûáîðà íàèáîëåå ýôôåêòèâíûõ àíòèáèîòèêîâ (ñ øè-
ðîêèì ñïåêòðîì äåéñòâèÿ èëè â ñïåöèôè÷åñêîé êîìáèíàöèè) ïîâûøàåòñÿ 
ïðè èäåíòèôèêàöèè áàêòåðèé â êóëüòèâèðóåìûõ in vitro ðàñòèòåëüíûõ îáú-
åêòàõ. Â ñëó÷àå èñïîëüçîâàíèÿ êîìáèíàöèè àíòèáèîòèêîâ (îñîáåííî ïðè 
èõ ñèíåðãåòè÷åñêîì äåéñòâèè) ñíèæàåòñÿ ðèñê âîçíèêíîâåíèÿ óñòîé÷èâî-
ñòè ê íèì ó áàêòåðèé, îäíàêî íåêîòîðûå àíòèáèîòèêè õèìè÷åñêè íåñî-
âìåñòèìû è â ñî÷åòàíèè ìîãóò íåéòðàëèçîâàòü äåéñòâèå äðóã äðóãà (71, 
72). Ãðàìîòðèöàòåëüíûå áàêòåðèè (îíè ñîñòàâëÿþò áîëüøèíñòâî ñðåäè 
èäåíòèôèöèðîâàííûõ â êóëüòóðå ðàñòèòåëüíûõ òêàíåé) îñîáåííî òðóäíî 
ïîääàþòñÿ ýëèìèíàöèè èç-çà ôàêòè÷åñêè äâîéíîé êëåòî÷íîé ìåìáðàíû, 
çàòðóäíÿþùåé ïðîíèêíîâåíèå ìíîãèõ àíòèáèîòèêîâ. Ïîñëå ïðèìåíåíèÿ 
àíòèáàêòåðèàëüíîé òåðàïèè ðàñòèòåëüíûé ìàòåðèàë íåîáõîäèìî òåñòèðî-
âàòü íà ïðèñóòñòâèå áàêòåðèé íà ïðîòÿæåíèè 2-3 ïàññàæåé (71). 

Èñïîëüçîâàíèå àíòèáèîòèêîâ â êóëüòóðå ðàñòèòåëüíûõ òêàíåé îáú-
åêòèâíî îñëîæíÿåòñÿ ðàçëè÷íûìè ïðè÷èíàìè. Òàê, íåîáõîäèì ïîäáîð 
ýôôåêòèâíîãî àíòèáèîòèêà â áàêòåðèöèäíîé äëÿ êîíêðåòíîãî áàêòåðèàëü-
íîãî îðãàíèçìà êîíöåíòðàöèè è îöåíêà âëèÿíèÿ àíòèáèîòèêà íà in vitro 
êóëüòèâèðóåìûé ðàñòèòåëüíûé îáúåêò; íåèçáåæíî ïîÿâëåíèå áàêòåðèàëü-
íûõ øòàììîâ, ðåçèñòåíòíûõ ê ïðèìåíÿåìîìó àíòèáèîòèêó; àíòèáèîòèêè 
âûçûâàþò ïîâðåæäåíèå õëîðîïëàñòîâ è ìèòîõîíäðèé, ÷òî ïðîÿâëÿåòñÿ â 
õëîðîçå è ìîðôîëîãè÷åñêèõ èçìåíåíèÿõ ýêñïëàíòîâ (6, 9). Óñïåõè àíòè-
áàêòåðèàëüíîé òåðàïèè â êóëüòóðå òêàíåé ðàñòåíèé â çíà÷èòåëüíîé ñòåïå-
íè áóäóò îïðåäåëÿòüñÿ ðàçâèòèåì èññëåäîâàíèé â ýòîé îáëàñòè è ðàçðàáîò-
êîé íîâûõ êëàññîâ àíòèáèîòèêîâ.  

Èòàê, òàêñîíîìè÷åñêîå ðàçíîîáðàçèå ñêðûòîé (ýíäîôèòíîé) áàêòå-
ðèàëüíîé ìèêðîôëîðû â in vitro ðàñòèòåëüíûõ êóëüòóðàõ âåëèêî è ìîæåò 
âêëþ÷àòü ôîðìû êàê ñ îòðèöàòåëüíûì, òàê è ñ ïîëîæèòåëüíûì âëèÿíèåì 
íà êîëîíèçèðóåìûå èìè ðàñòèòåëüíûå îáúåêòû. Ïî ìåðå êóëüòèâèðîâàíèÿ 
ðàñòèòåëüíîãî ìàòåðèàëà ìîæåò èçìåíÿòüñÿ òèòð, ñîñòàâ áàêòåðèàëüíûõ 
àññîöèàöèé, ñïîñîáíîñòü ê êóëüòèâèðîâàíèþ. Ïðîáëåìà ïîëó÷åíèÿ ãíîòî-
áèîòè÷åñêèõ êóëüòóð (â ÷àñòíîñòè, â in vitro êîëëåêöèÿõ ãåíåòè÷åñêèõ áàí-
êîâ ðàñòåíèé) ñâÿçàíà ñî ñëîæíîñòüþ âûÿâëåíèÿ è ýëèìèíàöèè áàêòåðè-
àëüíîé ìèêðîôëîðû.   

 

Àâòîðû âûðàæàþò ãëóáîêóþ áëàãîäàðíîñòü Ò.À. Ãàâðèëåíêî (Âñåðîññèéñêèé 
ÍÈÈ ðàñòåíèåâîäñòâà èì. Í.È. Âàâèëîâà) è Â.È. Ñàôðîíîâîé (Âñåðîññèéñêèé ÍÈÈ 
ñåëüñêîõîçÿéñòâåííîé ìèêðîáèîëîãèè) çà öåííûå çàìå÷àíèÿ ïðè îáñóæäåíèè ìàòåðèà-
ëà, èçëîæåííîãî â ñòàòüå. 
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A b s t r a c t  
 

Effective sterilization of plant explants and antiseptics rules compliance do not exclude the 
presence of so-called covert (endophytic) bacteria in in vitro cultures. But the role of these bacteria 
in tissues cultures has been not enough studied whereas it was related to the explants regeneration 
capacity and the possibility of animal and human cells transformation under in vitro cultivation. 
Bacterial strains pathogenic to humans can be stably maintained in cultivated tissues and ex vitro 
plants. The broadening of bacterial environments creates ecological and genetic risks leading to ne-
cessity of careful monitoring of endophytic communities in plants used as raw food and at use of in 
vitro technologies in practical plant growing and food production. Identification of bacterial micro-
organisms colonizing in vitro plant cultures allows studying the bacteria effect on the host, realizing 
special chemotherapy and developing the microorganisms’ databases. Two methods of identification 
are the most widespread: more available traditional one that does not allow detecting non-cultured 
forms (its base is the use of cultural and morphological characteristics as well as chemical and bio-
chemical reactions) and molecular-genetic one. At the second approach different 16S-rRNA se-
quences are studied using metagenomic DNA and appropriate specific primers; these sequences have 
conserved sites identical for all prokaryotes and variable ones suitable for species specific regions 
identification. Internal transcribed spacers (ITS) are being mainly used to distinguish the microorgan-
isms at the species level and even at strains one. Taxonomy of in vitro cultures’ bacterial endophytes 
indicates to their diversity and absence of specific composition as for cultures of plants belonging to 
different taxa as for different plant organs explants. Among identified endophytic bacteria potentially 
useful for intact plants Streptomycete, Pantoea agglomerans and others were found as well as those 
pathogenic for humans, e.g. Ralstonia mannitolytica, Staphylococcus epidermidis, Corynebacterium 
amycolatum, Bacillus neonatiensis, Salmonella and Nocaridia spp. At in vitro plant cultivation durable 
symptomless bacterial presence is caused on the one hand by bacterial growth repression with factors 
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accompanying plant explants cultivation (PH, temperature below bacterial optimum, activation of the 
defense mechanisms), and on the other hand by simultaneous bacteria support due to exudates secreted 
by plant explants. The rapid bacterial cells proliferation can begin even at small changes in initial 
conditions, at increase in plant exudates concentrations and per se in consequence of in vitro culti-
vation as a stress at the absence of whole organism regulatory role. As the number of subcultivations 
increases a portion of plant cultures with latent bacterial contamination increases too; no-cultured 
endophytes have been reported to acquire the status of cultured ones. Covert bacterial contamination 
could depress regeneration, micropropagation, cause death of in vitro cultivated objects, restrict the 
protocols repeatability and concern induction of epigenetic somaclonal variability. For instance 
Acinetobacter and Lactobacillus plantarum filtrates extracted from degrading calluses strongly reduced 
shoot regeneration at inoculation in explants or addition into a medium; bacteria Mycobacterium 
obuense and M. aichiense repressed seeds development in in vitro cultures. The article accents the 
problem of gnotobiological plant cultures (specifically in in vitro collections of plants genetic banks) de-
velopment caused by difficulties in identification and elimination of bacterial microorganisms.  
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