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Ç îãëÿäó íà òå, ùî Óêðà¿íà º ïîòóæíèì åêñïîðòåðîì 
êóêóðóäçè â ñâ³ò³, ñêðèí³íã ï³ääàòëèâèõ äî ãåíåòè÷-
íî¿ òðàíñôîðìàö³¿ ãåíîòèï³â, ùî êóëüòèâóþòüñÿ íà
¿¿ òåðåíàõ, òà ñòâîðåííÿ åôåêòèâíî¿ òåõíîëîã³¿ 
òðàíñôîðìàö³¿ óêðà¿íñüêî¿ êóêóðóäçè º àêòóàëüíèì. 
Ïðåêóëüòèâîâàí³ íåçð³ë³ çàðîäêè êóêóðóäçè äåâ’ÿòè 
ãåíîòèï³â (³íáðåäí³ ë³í³¿ òà ã³áðèäè) ï³ääàâàëè Agro-
bacterium-îïîñåðåäêîâàí³é òðàíñôîðìàö³¿. Ó ðîáîò³ 
âèêîðèñòîâóâàëè òðè øòàìè A. tumefaciens òà òðè 
âåêòîðí³ êîíñòðóêö³¿, ÿê³ ì³ñòèëè ñåëåêòèâíèé ìàð-
êåðíèé ãåí íåîì³öèíôîñôîòðàíñôåðàçè II, à òàêîæ 
ðåïîðòåðí³ ãåíè çåëåíîãî ôëóîðåñö³þþ÷îãî ïðîòå¿íó 
àáî �-ãëþêóðîí³äàçè. Òðàíñãåíí³ ðîñëèíè â³äáèðàëè íà
æèâèëüíèõ ñåðåäîâèùàõ ³ç ïàðîìîì³öèíîì. Íà ñåëåê-
òèâíèõ ñåðåäîâèùàõ äëÿ øåñòè ãåíîòèï³â ñïîñòåð³ãàëè 
ðåãåíåðàö³þ ïàãîí³â ï³ñëÿ òðàíñôîðìàö³¿. Ìåòîäîì 
ÏËÐ âèÿâëåíî ïðèñóòí³ñòü òðàíñãåí³â ó 43 êëîíàõ, 
îòðèìàíèõ â³ä ÷îòèðüîõ ãåíîòèï³â ³ç âèêîðèñòàííÿì 
óñ³õ íàÿâíèõ âåêòîð³â. ×àñòîòà òðàíñôîðìàö³¿ âàð³-
þâàëà â³ä 0 äî 27 % â îêðåìèõ åêñïåðèìåíòàõ. Çíàé-
äåíî ñèëüíó êîðåëÿö³þ ì³æ ÷àñòîòàìè ðåãåíåðàö³¿ òà 
òðàíñôîðìàö³¿. Âèÿâëåíî çíà÷óùó ð³çíèöþ ó ÷àñòîò³ 
ðåãåíåðàö³¿ òà òðàíñôîðìàö³¿ ì³æ ãåíîòèïàìè òà
ðîñëèíàìè îäíîãî ãåíîòèïó, ÿê³ áóëè äîíîðàìè åêñ-
ïëàíò³â. Âèêîðèñòàííÿ âåêòîðó ðÑÂ271, ÿêèé ì³ñòèâ 
íóêëåîòèäí³ ïîñë³äîâíîñò³ ðåãóëÿö³¿ åêñïðåñ³¿ ãåí³â 
îäíîäîëüíèõ ïåðåä ñåëåêòèâíèì ìàðêåðíèì ãåíîì, à
ñàìå ³íòðîí ãåíà hsp70 êóêóðóäçè, äîñòîâ³ðíî çá³ëü-
øóâàëî ÷àñòîòó ðåãåíåðàö³¿ ïàãîí³â ï³ñëÿ òðàíñôîð-
ìàö³¿. Àíàë³ç ðîñëèí ïîêîë³ííÿ Ò1 âèÿâèâ îäíîëîêóñíå 
âáóäîâóâàííÿ òðàíñãåí³â ó ðîñëèííèé ãåíîì. Çàïðî-
ïîíîâàíèé ïðîòîêîë ãåíåòè÷íî¿ òðàíñôîðìàö³¿ ç âè-

êîðèñòàííÿì ïàðîìîì³öèíó ÿê ñåëåêòèâíîãî àãåíòó 
º åôåêòèâíèì äëÿ îòðèìàííÿ òðàíñãåííî¿ êóêóðóäçè 
ë³í³é òà ã³áðèä³â óêðà¿íñüêî¿ ñåëåêö³¿. Â³ä³áðàíî òðè
ãåíîòèïè (ë³í³ÿ ÄÊ232 òà ã³áðèäè ÊÏ7×ÏÐÆ5 ³
ÊÑ277×RS15) ÿê íàéá³ëüø ñïðèéíÿòëèâ³ äî Agrobac-
terium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ ³ ïåðñïåêòèâí³ 
äëÿ ïîäàëüøèõ äîñë³äæåíü ç îòðèìàííÿ òðàíñãåííèõ 
ðîñëèí êóêóðóäçè.

Êëþ÷îâ³ ñëîâà: Zea mays L., nptII, S65Tpgfp, uidA, ïàðî-
ìîì³öèí, òðàíñãåííà êóêóðóäçà, ïîêîë³ííÿ Ò1.

Âñòóï. Êóêóðóäçà (Zea mays L.) çàéìàº ïåðøå 
ì³ñöå ó ñâ³òîâîìó âèðîáíèöòâ³ çëàêîâèõ êóëü-
òóð ñåðåä áóäü-ÿêèõ ³íøèõ (USDA, 2024). Çà 
ïîð³âíÿííÿ ç ïøåíèöåþ òà ðèñîì êóêóðóäçà, ç 
òî÷êè çîðó ¿¿ çàñòîñóâàííÿ, º íàéá³ëüø ð³çíî-
ïëàíîâîþ çëàêîâîþ êóëüòóðîþ. Ç ïðîäîâîëü-
÷îþ ìåòîþ âèêîðèñòîâóºòüñÿ áëèçüêî 12 % 
ñâ³òîâî¿ êóêóðóäçè, ùå 60 % éäå íà êîðìè äëÿ 
òâàðèííèöòâà òà ïòàõ³âíèöòâà, ³ ìàéæå òðåòè-
íó êóêóðóäçè âèêîðèñòîâóþòü íà òàê çâàí³ 
òåõí³÷í³ ö³ë³, â òîìó ÷èñë³ äëÿ âèðîáíèöòâà 
á³îïàëèâà. Óêðà¿íà â îñòàíí³ ðîêè, äî ïîâíî-
ìàñøòàáíîãî âòîðãíåííÿ ðô ó 2022 ð., çàéìàëà 
÷åòâåðòå ì³ñöå â ñâ³ò³ ñåðåä êðà¿í-åêñïîðòåð³â 
êóêóðóäçè, ïîñòóïàþ÷èñü ÑØÀ, Áðàçèë³¿ òà 
Àðãåíòèí³. Ùîð³÷íî 75–85 % óêðà¿íñüêî¿ êó-
êóðóäçè ðåàë³çîâóâàëîñü íà çîâí³øí³õ ðèíêàõ. 
Òîìó, êóêóðóäçà, ÿê åêñïîðòíî îð³ºíòîâàíà 
êóëüòóðà, º ñòðàòåã³÷íî âàæëèâîþ äëÿ ðîçâèòêó 
àãðîâèðîáíèöòâà â Óêðà¿í³ òà ñëóæèòü çàïîðó-
êîþ åíåðãåòè÷íî¿ íåçàëåæíîñò³ êðà¿íè, àäæå äàº
çìîãó âèãîòîâëÿòè ãàç, ïàëèâî é ÿê³ñí³ êîðìè.
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Ñâ³òîâå âèðîáíèöòâî êóêóðóäçè çðîñòàº ç 
êîæíèì ðîêîì çà ðàõóíîê çá³ëüøåííÿ ïîñ³â-
íèõ ïëîù òà/àáî âðîæàéíîñò³. Çàñòîñóâàííÿ 
ñó÷àñíèõ á³îòåõíîëîã³é º ïîòóæíèì ³íñòðóìåí-
òîì ïîêðàùåííÿ ³ñíóþ÷èõ ãåíîòèï³â äëÿ çá³ëü-
øåííÿ ¿õíüî¿ åêîíîì³÷íî¿ ïðèâàáëèâîñò³ ï³ä 
÷àñ âèðîùóâàííÿ (ISAAA, 2019). Ó ÑØÀ, ÿê³
º ñâ³òîâèì ë³äåðîì ³ç âðîæàéíîñò³, 92 % ïîñ³â-
íèõ ïëîù êóêóðóäçè çàñ³ÿíî ãåííî-ìîäèô³êî-
âàíèì (ÃÌ) íàñ³ííÿì. Â Óêðà¿í³ ëèøå 3–5 % 
ïîñ³â³â êóêóðóäçè º ãåííî-ìîäèô³êîâàí³ (Fedo-
renko et al, 2012; https://latifundist.com/analy
tics/27-svtovij-rinok-kukurudzi-2021--ukransk-real-
vd-globalnogo-do-lokalnogo). Ç îäíîãî áîêó Óê-
ðà¿íà çàéíÿëà ñâîþ í³øó çáóòó êóêóðóäçè – öå
ò³ ðèíêè, ÿê³ íàäàþòü ïåðåâàãó êóêóðóäç³ áåç
ãåíåòè÷íèõ ìîäèô³êàö³é, ç ³íøîãî áîêó, âè-
ðîùóâàòè ÃÌ-êóêóðóäçó êðàùå ç òî÷êè çîðó 
âèòðàò, ïðîãíîçóâàííÿ âðîæàéíîñò³ òà ïëàíó-
âàííÿ çá³ëüøåííÿ âèðîáíèöòâà. Òîìó, ðîçðîá-
êà òåõíîëîã³é ñòâîðåííÿ òðàíñãåííî¿ êóêóðóä-
çè óêðà¿íñüêî¿ ñåëåêö³¿ àêòóàëüíà ³ íà ÷àñ³.

Íà ñüîãîäí³ äëÿ ñòâîðåííÿ òðàíñãåííî¿ êó-
êóðóäçè â îñíîâíîìó çàñòîñîâóþòü á³îë³ñòè÷-
íèé (Klein et al, 1988; O’Kennedy et al, 2011) 
òà Agrobacterium-îïîñåðåäêîâàíèé ìåòîäè ãå-
íåòè÷íî¿ òðàíñôîðìàö³¿ (Grimsley et al, 1987; 
Ishida et al, 1996; Sidorov et al, 2009). Âèêîðèñ-
òàííÿ Agrobacterium tumefaciens äëÿ òðàíñôîð-
ìàö³¿ ðîñëèí ìàº ïåâí³ ïåðåâàãè, ïîð³âíÿíî ç
á³îë³ñòè÷íîþ òðàíñôîðìàö³ºþ. Ãîëîâíîþ ïå-
ðåâàãîþ Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñ-
ôîðìàö³¿ º òå, ùî ìàëåíüêà ê³ëüê³ñòü êîï³é 
â³äíîñíî âåëèêîãî ôðàãìåíòà Ò-ÄÍÊ ³ç âèç-
íà÷åíèìè ê³íöÿìè ³íòåãðóº ó ðîñëèííèé ãå-
íîì ³ç ì³í³ìàëüíèìè ïåðåáóäîâàìè (Ishida 
et al, 2007; Kausch et al, 2021a). Íå çâàæàþ÷è 
íà òå, ùî îäíîäîëüí³ ðîñëèíè íå ÿâëÿþòüñÿ
ïðèðîäíèìè ãîñïîäàðÿìè A. tumefaciens, öÿ áàê-
òåð³ÿ, çàâäÿêè ñòâîðåííþ åôåêòèâíèõ ïðîòîêî-
ë³â, àêòèâíî âèêîðèñòîâóºòüñÿ äëÿ ãåíåòè÷íî¿
òðàíñôîðìàö³¿ çëàêîâèõ, â òîìó ÷èñë³ êóêóðó-
äçè. Ïðîòå, ñòâîðåííÿ ÃÌ-êóêóðóäçè ñèëüíî 
çàëåæèòü â³ä ãåíîòèïó é óñêëàäíþºòüñÿ ÷å-
ðåç ñëàáêó ñïðèéíÿòëèâ³ñòü äî òðàíñôîðìàö³¿ 
(Masters et al, 2020; Yassitepe et al, 2021).

Îäíèì ³ç øëÿõ³â ï³äâèùåííÿ åôåêòèâíîñò³ 
òðàíñôîðìàö³¿ îäíîäîëüíèõ ðîñëèí º ñòâîðåí-
íÿ àäàïòîâàíèõ âåêòîðíèõ êîíñòðóêö³é ³ç ñïå-
ö³àëüíèìè ïðîìîòîðàìè òà ðåãóëÿòîðíèìè åëå-

ìåíòàìè, ñïðÿìîâàíèìè íà ïîñèëåííÿ åêñ-
ïðåñ³¿ òðàíñãåí³â (Lu et al, 2015; Kausch et al, 
2021b). Äëÿ òîãî, ùîá äîñë³äèòè âïëèâ ðå-
ãóëÿòîðíèõ íóêëåîòèäíèõ ïîñë³äîâíîñòåé íà 
åêñïðåñ³þ ãåíà, âèêîðèñòîâóþòü ðåïîðòåðí³ ãå-
íè, ÿê³ ïîëåãøóþòü â³çóàë³çàö³þ ïðîòå¿íó, ùî 
êîäóº ðåïîðòåðíèé ãåí, òà/àáî éîãî ê³ëüê³ñíå 
âèì³ðþâàííÿ. Íàé÷àñò³øå â äîñë³äæåííÿõ âè-
êîðèñòîâóþòü òàê³ ðåïîðòåðí³ ãåíè ÿê ãåí çå-
ëåíîãî ôëóîðåñö³þþ÷îãî ïðîòå¿íó ìåäóçè (gfp) 
òà �-ãëþêóðîí³äàçè (uidA) (Anami et al, 2013; 
Gerasymenko et al, 2017; Varchenko et al, 2020). 

Ìåòîþ ðîáîòè áóëî ïðîâåñòè ñêðèí³íã ãå-
íîòèï³â êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ íà 
ïðèäàòí³ñòü äî Agrobacterium-îïîñåðåäêîâàíî¿ 
ãåíåòè÷íî¿ òðàíñôîðìàö³¿ é îòðèìàòè òðàíñ-
ãåíí³ ðîñëèíè. Ó äîñë³äæåíí³ âèêîðèñòîâóâà-
ëè êóëüòóðó ïðåêóëüòèâîâàíèõ íåçð³ëèõ çàðîä-
ê³â; âåêòîðè, ÿê³ ì³ñòèëè ñåëåêòèâíèé ìàðêåð-
íèé ãåí íåîì³öèíôîñôîòðàíñôåðàçè II (nptII), 
ðåïîðòåðí³ ãåíè (gfp, uidA) òà ð³çíèëèñü ó íàÿâ-
íîñò³ ðåãóëÿòîðíèõ íóêëåîòèäíèõ ïîñë³äîâíîñ-
òåé îäíîäîëüíèõ; ïàðîìîì³öèíîâó ñåëåêö³þ 
òðàíñãåííèõ ðîñëèí.

Ìàòåð³àëè ³ ìåòîäè. Ïëàçì³äè òà áàêòåð³àëü-
í³ øòàìè. Äëÿ Agrobacterium-îïîñåðåäêîâàíî¿ 
òðàíñôîðìàö³¿ êóêóðóäçè âèêîðèñòîâóâàëè á³-
íàðí³ âåêòîðè: ðÑÂ202, ðÑÂ271 (áàíê ïëàçì³ä 
²íñòèòóòó êë³òèííî¿ á³îëîã³¿ òà ãåíåòè÷íî¿ ³í-
æåíåð³¿ ÍÀÍ Óêðà¿íè (²ÊÁÃ² ÍÀÍ Óêðà¿íè)) 
òà ðÂ³2Å, ÿê³ çíàõîäèëèñü ó ð³çíèõ øòàìàõ 
A. tumefaciens. Âåêòîðè ðÑÂ202 òà ðÑÂ271 áóëè 
ó áàêòåð³àëüíèõ íîïàë³íîâèõ øòàìàõ GV3101 
òà Ñ58 (Koncz et al, 1986) â³äïîâ³äíî, à ïëàç-
ì³äà ðÂ³2Å çíàõîäèëàñÿ â îêòîï³íîâîìó øòàì³ 
LBA4404. Âñ³ âåêòîðè, ÿê³ âèêîðèñòîâóâàëè â 
äîñë³äæåíí³, ì³ñòèëè ó ñâîºìó ñêëàä³ ñåëåêòèâ-
íèé ìàðêåðíèé ãåí íåîì³öèíôîñôîòðàíñôåðà-
çè II (nptII), ÿêèé ³íàêòèâóº àì³íîãë³êîçèäí³ 
àíòèá³îòèêè, òàê³ ÿê êàíàì³öèí, íåîì³öèí, 
G-418, ãåíòàì³öèí, ïàðîìîì³öèí òîùî. Ïëàç-
ì³äà ðÑÂ202 ìàëà ãåí nptII ï³ä êîíòðîëåì ïðî-
ìîòîðó íîïàë³í ñèíòàçè òà ãåí �-ãëþêóðîí³äà-
çè (uidA) ï³ä êîíòðîëåì ïðîìîòîðó ³ ïåðøîãî 
³íòðîíó ãåíà óá³êâ³òèíó 1 êóêóðóäçè 1 (ðèñ. 1).

Âåêòîð ðÑÂ271 ó ä³ëÿíö³ Ò-ÄÍÊ ì³ñòèâ
ìàðêåðíèé ñåëåêòèâíèé ãåí íåîì³öèíôîñôî-
òðàíñôåðàçè II (nptII) òà ðåïîðòåðíèé ìóòàíò-
íèé ñèíòåòè÷íèé ãåí çåëåíîãî ôëóîðåñö³þþ-
÷îãî ïðîòå¿íó (S65Tpgfp), îáèäâà ï³ä êîíòðîëåì 
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ïîñèëåíîãî ïðîìîòîðó â³ðóñó ìîçà¿êè öâ³òíî¿ 
êàïóñòè e35S. Ì³æ ïðîìîòîðíîþ òà êîäóþ÷îþ 
÷àñòèíàìè ãåí³â âåêòîð ìàâ ðåãóëÿòîðí³ íóê-
ëåîòèäí³ ïîñë³äîâíîñò³ îäíîäîëüíèõ äëÿ ïî-
êðàùåííÿ åêñïðåñ³¿ òðàíñãåí³â, à ñàìå ³íòðîí 
êóêóðóäçÿíîãî ãåíà hsp70 ïåðåä ãåíîì nptII òà 
³íòðîí 1 ðèñîâîãî ãåíà àêòèíó 1 (OsAct1) ïåðåä 
S65Tpgfp (ðèñ. 1) (Nitovska et al, 2018). Êîí-
ñòðóêö³ÿ ðÂ³2Å ì³ñòèëà ãåí nptII ï³ä êîíòð-
îëåì ïðîìîòîðó íîïàë³í ñèíòàçè é àíòèñåí-
ñîâèé ñóïðåñîð ãåíà ïðîë³íäåã³äðîãåíàçè 
(PDH) Arabidopsis thaliana ï³ä êîíòðîëåì 35S 
ïðîìîòîðó â³ðóñó ìîçà¿êè öâ³òíî¿ êàïóñòè 
(ðèñ. 1) (Tyshchenko et al, 2014). Àíòèñåíñîâà 
ÐÍÊ ñóïðåñ³ÿ òðàíñêðèïòîíó ãåíà PDH ïðè-
çâîäèòü äî çíèæåííÿ ñèíòåçó ³, â³äïîâ³äíî, 
àêòèâíîñò³ ôåðìåíòó ïðîë³íäåã³äðîãåíàçè ³, ÿê
íàñë³äîê, çá³ëüøåííÿ âì³ñòó â³ëüíîãî L-ïðîë³-
íó, ùî ìîæå ïðèâîäèòè äî ï³äâèùåííÿ ñòðåñî-
ñò³éêîñò³ ðîñëèí.

Ïðè âèáîð³ âåêòîð³â äëÿ òðàíñôîðìàö³¿ 
çâåðòàëè óâàãó íà íàÿâí³ñòü íóêëåîòèäíèõ 
ïîñë³äîâíîñòåé ðåãóëÿö³¿ åêñïðåñ³¿ ãåí³â îäíî-
äîëüíèõ, ùîá îö³íèòè ¿õ âïëèâ íà ãåíåòè÷íó 
òðàíñôîðìàö³þ. Âåêòîð ðÂ³2Å âçàãàë³ íå ì³ñ-
òèâ íóêëåîòèäíèõ ïîñë³äîâíîñòåé îäíîäîëü-
íèõ òà áóâ îáðàíèé ÿê êîíòðîëüíèé, ùî ïî-
êàçàâ ñâîþ åôåêòèâí³ñòü äëÿ îòðèìàííÿ òðàíñ-
ãåííî¿ êóêóðóäçè (Mykhalska et al, 2012); âåê-

òîð ðÑÂ202 ì³ñòèâ ïðîìîòîð òà ïåðøèé ³íòðîí 
ãåíà óá³êâ³òèíó êóêóðóäçè ëèøå ïåðåä ðåïîð-
òåðíèì ãåíîì; âåêòîð ðÑÂ271 ì³ñòèâ íóêëå-
îòèäí³ ïîñë³äîâíîñò³ îäíîäîëüíèõ ì³æ ïðî-
ìîòîðíîþ òà êîäóþ÷îþ ÷àñòèíîþ îáîõ ãåí³â 
(ìàðêåðíîãî ñåëåêòèâíîãî òà ðåïîðòåðíîãî) òà 
òåðì³íàòîð ãåíà hsp ïøåíèö³ ï³ñëÿ êîäóþ÷î¿ 
÷àñòèíè ðåïîðòåðíîãî ãåíà.

Íàðîùóâàííÿ A. tumefaciens äëÿ òðàíñôîð-
ìàö³¿ çä³éñíþâàëè çà ïðîòîêîëîì (Sidorov et
al, 2009) ç ïîêðîêîâèì âèêîðèñòàííÿì æè-
âèëüíîãî (LB) òà ³íäóêö³éíîãî ñåðåäîâèù ³ç 
äîäàâàííÿì àíòèá³îòèê³â ï³ä ÷àñ âèðîùóâàííÿ 
â³äïîâ³äíî äî øòàìó áàêòåð³¿ ç ïëàçì³äîþ: øòàì
GV3101 ç âåêòîðîì ðÑÂ202 – 50 ìã/ë ðèôàì-
ï³öèíó, 25 ìã/ë ãåíòàì³öèíó, 100 ìã/ë êàðáå-
í³öèë³íó; äëÿ áàêòåð³é ç âåêòîðîì ðÑÂ271 – 
100 ìã/ë êàíàì³öèíó ³ 100 ìã/ë ñòðåïòîì³öè-
íó; òà 50 ìã/ë ðèôàìï³öèíó ³ 100 ìã/ë êà-
íàì³öèíó âèðîùóþ÷è áàêòåð³¿ øòàìó LBA4404.
Ïåðåä òðàíñôîðìàö³ºþ áàêòåð³àëüíó ñóñïåíç³þ
îñàäæóâàëè öåíòðèôóãóâàííÿì òà ðåñóñïåíäó-
âàëè â ³íîêóëÿö³éíîìó ñåðåäîâèù³ äî îïòè÷-
íî¿ ãóñòèíè (OD600) 0,3–0,4 îäèíèö³.

Ðîñëèííèé ìàòåð³àë. Ó äîñë³äæåíí³ áóëè çà-
ä³ÿí³ 9 ãåíîòèï³â êóêóðóäçè óêðà¿íñüêî¿ ñå-
ëåêö³¿, ñåðåä íèõ 5 ³íáðåäíèõ ë³í³é (ÄÊ232, 
ÊÏ7, ÏÐÆ5, ÊÑ277, RS15) òà 4 ã³áðèäè F1 
(ÄÊ959×ÄÊ232, ÊÏ7×ÏÐÆ5, ÊÑ277×RS15, 

Ðèñ. 1. Ñõåìà Ò-ÄÍÊ ä³ëÿíîê ïëàçì³ä pBi2E, pÑB202 ³ pCB271: RB, LB – ãðàíèö³ Ò-ÄÍÊ; Pnos – ïðîìîòîð 
ãåíà íîïàë³í ñèíòàçè; nptII – ãåí íåîì³öèíôîñôîòðàíñôåðàçè II; Tnos – òåðì³íàòîð ãåíà íîïàë³í ñèíòàçè; 
P35S – ïðîìîòîð ãåíà 35S ÐÍÊ â³ðóñó ìîçà¿êè öâ³òíî¿ êàïóñòè; PDH-Ex1 òà Int1 – ôðàãìåíòè ïåðøîãî 
åêçîíó é ³íòðîíó ãåíà ïðîë³íäåã³äðîãåíàçè Arabidopsis thaliana â³äïîâ³äíî; gus – ãåí �-ãëþêóðîí³äàçè uidA; 
Intr – ³íòðîí 1 ãåíà óá³êâ³òèíó 1 êóêóðóäçè, Pubi1 – ïðîìîòîð ãåíà óá³êâ³òèíó 1 êóêóðóäçè; P35e – ïîñèëåíèé 
ïðîìîòîð ãåíà 35S ÐÍÊ â³ðóñó ìîçà¿êè öâ³òíî¿ êàïóñòè; Ihsp – ³íòðîí êóêóðóäçÿíîãî ãåíà hsp70; Iact1 – 
³íòðîí 1 ãåíà àêòèíó 1 ðèñó; gfp – ãåí S65Tpgfp çåëåíîãî ôëóîðåñö³þþ÷îãî ïðîòå¿íó; Thsp – òåðì³íàòîð ãåíà 
hsp ïøåíèö³
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RS15×ÊÑ277). Âèðîùóâàííÿ äîíîðíèõ ðîñ-
ëèí êóêóðóäçè, ³çîëÿö³þ âîëîòåé ³ êà÷àí³â òà 
êîíòðîëüîâàíå øòó÷íå çàïèëåííÿ äîíîðíèõ ðîñ-
ëèí ïðîâîäèëè íà ä³ëÿíêàõ ÄÓ ²íñòèòóò çåð-
íîâèõ êóëüòóð ÍÀÀÍ Óêðà¿íè (²ÇÊ ÍÀÀÍ)
(Äí³ïðî). Â åêñïåðèìåíòàõ in vitro âèêîðèñ-
òîâóâàëè çàðîäêè, îòðèìàí³ â³ä 25 äîíîðíèõ 
ðîñëèí. Äëÿ åêñïëàíòàö³¿ ³çîëþâàëè íåçð³ë³ 
çàðîäêè äîâæèíîþ 1,0–1,5 ìì ó â³ö³ 11–14 
ä³á ï³ñëÿ çàïèëåííÿ (DAP, days after pollina-
tion). Ïîâåðõíåâó ñòåðèë³çàö³þ êà÷àí³â, âè-
îêðåìëåííÿ òà êóëüòèâóâàííÿ in vitro íåçð³ëèõ 
çàðîäê³â íà æèâèëüíîìó ñåðåäîâèù³ äëÿ ³íäóê-
ö³¿ êàëþñîãåíåçó çä³éñíþâàëè ÿê áóëî îïè-
ñàíî (Nitovska et al, 2019). ×åðåç 7–12 ä³á
ïðåêóëüòèâîâàí³ íåçð³ë³ çàðîäêè ç óòâîðåíèìè 
íà åêñïëàíòàõ êàëþñàìè ï³ääàâàëè Agrobacte-
rium-îïîñåðåäêîâàí³é òðàíñôîðìàö³¿. Îòðèìàí³
ï³ñëÿ ïðîöåäóðè òðàíñôîðìàö³¿ ðîñëèíè-ðåãå-
íåðàíòè ïîçíà÷àëè ÿê Ò0, çàçíà÷àþ÷è â íàçâ³
òàêîæ íàéìåíóâàííÿ âèêîðèñòàíèõ âåêòîð³â.
Ðîñëèíè Ò1 îòðèìóâàëè â³ä ñõðåùóâàííÿ ðîñëèí
Ò0 îäíàêîâîãî àáî ð³çíèõ äîíîðíèõ ãåíîòèï³â. 
Äëÿ àíàë³çó óñïàäêóâàííÿ òðàíñãåí³â ðîñëèíè
ïîêîë³ííÿ Ò1 áóëè ïîä³ëåí³ íà òðè ãðóïè çà-
ëåæíî â³ä ãåíîòèïó äîíîðíèõ ðîñëèí ³ âèêî-
ðèñòàíèõ âåêòîð³â. Äî ãðóïè 1 áóëè â³äíåñåí³
ðîñëèíè ïîêîë³ííÿ Ò1 ç ãåíîòèïîì Ò1(Ò0ðÑÂ271

(ÊÏ7×ÏÐÆ5) × Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)), îòðè-
ìàí³ â ðåçóëüòàò³ ñõðåùóâàííÿ äâîõ ðîñëèí-
ðåãåíåðàíò³â Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5). Äî ãðóïè 2
áóëè â³äíåñåí³ ðîñëèíè ïîêîë³ííÿ Ò1 ç ãåíîòè-
ïîì Ò1(Ò0ðÑÂ202(ÄÊ232) × Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)), 
òîáòî, îòðèìàí³ â ðåçóëüòàò³ ñõðåùóâàííÿ ðåãå-
íåðàíò³â Ò0 ãåíîòèï³â Ò0ðÑÂ202(ÄÊ232) ³ Ò0ðÑÂ271

(ÊÏ7×ÏÐÆ5). Äî ãðóïè 3 óâ³éøëè ðîñëèíè ïî-
êîë³ííÿ Ò1 ç ãåíîòèïîì Ò1(Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5) ×
× Ò0ðÂ³2Å(ÊÏ7×ÏÐÆ5)), òîáòî, îòðèìàí³ â ðå-
çóëüòàò³ ñõðåùóâàííÿ ðåãåíåðàíò³â Ò0 òîãî ñà-
ìîãî äîíîðíîãî ãåíîòèïó, àëå ï³ñëÿ ãåíåòè÷íî¿ 
òðàíñôîðìàö³¿ ð³çíèìè âåêòîðàìè.

Íàñ³ííÿ ç ðîñëèí, îòðèìàíèõ ï³ñëÿ ïðîöå-
äóðè òðàíñôîðìàö³¿, âèñàäæóâàëè â ãîðùèêè ç 
´ðóíòîì òà âèðîùóâàëè â òåïëèö³ çà 12-ãîäèí-
íîãî ôîòîïåð³îäó ³ òåìïåðàòóðè ïîâ³òðÿ 25 ºÑ.

Ãåíåòè÷íà òðàíñôîðìàö³ÿ òà ñåëåêö³ÿ òðàíñ-
ãåííèõ ðîñëèí. Agrobacterium-îïîñåðåäêîâàíó òðàíñ-
ôîðìàö³þ ìîðôîãåííîãî êàëþñó êóêóðóäçè âè-
êîíóâàëè çà ìåòîäèêîþ (Sidorov et al, 2009), 
ïðîâîäèëè â³ä 1 äî 9 îêðåìèõ åêñïåðèìåíò³â äëÿ 

êîæíîãî ãåíîòèïó ³ â³ä 6 äî 13 îêðåìèõ åêñ-
ïåðèìåíò³â ç êîæíèì âåêòîðîì (òàáëèöÿ S1, 
https://cytgen.com/articles/5920003s.pdf). Ï³ñëÿ 
äâîõ ä³á ñï³âêóëüòèâóâàííÿ ç áàêòåð³ºþ êà-
ëþñè ïåðåíîñèëè íà áàêòåð³îñòàòè÷íå ñåðåä-
îâèùå (ñåðåäîâèùå äëÿ êàëþñîãåíåçó ç äî-
äàâàííÿì 500 ìã/ë öåôîòàêñèìó) äëÿ ³íã³áó-
âàííÿ ðîñòó áàêòåð³é ³ êóëüòèâóâàëè ó òåì-
ðÿâ³ çà 27 ºÑ âïðîäîâæ 4 ä³á. Ïîò³ì êàëþñè
ïåðåñàäæóâàëè íà áàêòåð³îñòàòè÷íå ñåëåêòèâ-
íå ñåðåäîâèùå ç äîäàâàííÿì 50 ìã/ë ïàðîìî-
ì³öèíó, êóëüòèâóâàëè äâà òèæí³ çà òèõ ñàìèõ
óìîâ ³ ïåðåíîñèëè äëÿ êóëüòèâóâàííÿ âïðî-
äîâæ ùå äâîõ òèæí³â íà áàêòåð³îñòàòè÷íå ñå-
ëåêòèâíå ñåðåäîâèùå, ÿêå ì³ñòèëî 100 ìã/ë
ïàðîìîì³öèíó. Êàëþñè, ÿê³ àêòèâíî íàðîñòà-
ëè, ïåðåíîñèëè íà ñåëåêòèâíå ðåãåíåðàö³éíå 
ñåðåäîâèùå (ìîäèô³êîâàíå MSGR (Sidorov et
al, 2009), ÿêå ì³ñòèëî â³òàì³íè Ìîðåëÿ (Morel
et al, 1951), 0,25 ìã/ë 6-áåíçèëàì³íîïóðèíó 
(ÁÀÏ), 500 ìã/ë öåôîòàêñèìó ³ 50 ìã/ë ïàðîìî-
ì³öèíó) òà êóëüòèâóâàëè ó ðåæèì³ îñâ³òëåííÿ 
ç ôîòîïåð³îäîì 16 ãîä çà òåìïåðàòóðè 24 ºÑ. 
×åðåç òðè òèæí³ êàëþñè ïåðåíîñèëè íà ñåëåê-
òèâíå ðåãåíåðàö³éíå ñåðåäîâèùå, ÿêå ì³ñòèëî
100 ìã/ë ïàðîìîì³öèíó, òà âèðîùóâàëè çà îçíà-
÷åíèõ óìîâ îñâ³òëåííÿ, ñóáêóëüòèâóþ÷è íà ñâ³-
æå ñåðåäîâèùå êîæí³ òðè òèæí³. Êóëüòèâóâàí-
íÿ êàëþñ³â çä³éñíþâàëè, ïîêè â³äáóâàëàñü ðåãå-
íåðàö³ÿ ïàãîí³â, àáî âïðîäîâæ 9 òèæí³â, ÿêùî
ðåãåíåðàö³þ ïàãîí³â íå ñïîñòåð³ãàëè. Ðîçðàõî-
âóâàëè ÷àñòîòó ðåãåíåðàö³¿ ç êàëþñ³â íà ñåëåê-
òèâíèõ ñåðåäîâèùàõ ï³ñëÿ Agrobacterium-îïîñå-
ðåäêîâàíî¿ òðàíñôîðìàö³¿ (×ÐÏÒ) ó â³äñîòêàõ
ÿê ñï³ââ³äíîøåííÿ åêñïëàíò³â, ùî óòâîðèëè 
ðåãåíåðàíòè, äî çàãàëüíî¿ ê³ëüêîñò³ åêñïëàíò³â,
ï³ääàíèõ òðàíñôîðìàö³¿, à òàêîæ åôåêòèâí³ñòü 
ðåãåíåðàö³¿ ï³ñëÿ òðàíñôîðìàö³¿ (ÅÐÏÒ) ÿê 
ìàêñèìàëüíå ÷èñëî ïàãîí³â ç ðåãåíåðóþ÷îãî
êàëþñó, îòðèìàíîãî â³ä îäíîãî îêðåìîãî åêñ-
ïëàíòó. Ðîñëèíè-ðåãåíåðàíòè â³äîêðåìëþâàëè
â³ä êàëþñó òà âèñàäæóâàëè â áàíêè ³ç ñåëåêòèâ-
íèì ñåðåäîâèùåì MS (Murashige et al, 1962)
áåç ðåãóëÿòîð³â ðîñòó, ÿêå ì³ñòèëî 500 ìã/ë 
öåôîòàêñèìó òà 50 ìã/ë ïàðîìîì³öèíó. Óêîð³-
íåí³ ðåãåíåðàíòè ïåðåíîñèëè â ãîðùèêè ç ´ðóí-
òîì òà âèðîùóâàëè â òåïëèö³ çà 12-ãîäèííîãî 
ôîòîïåð³îäó òà òåìïåðàòóðè ïîâ³òðÿ 25 ºÑ.

Âèä³ëåííÿ ðîñëèííî¿ ÄÍÊ òà ¿¿ àíàë³ç ìåòîäîì 
ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ). Âèä³ëåí-
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íÿ ñóìàðíî¿ ðîñëèííî¿ ÄÍÊ ç ëèñòê³â êóêó-
ðóäçè, ¿¿ àíàë³ç ìåòîäîì ÏËÐ íà ïðèñóòí³ñòü 
òðàíñãåí³â nptII, S65Tpgfp ³ áàêòåð³àëüíîãî ãå-
íà vir-D1 òà â³çóàë³çàö³þ ïðîäóêò³â àìïë³ô³-
êàö³¿ ïðîâîäèëè ÿê îïèñàíî ðàí³øå (Nitovska 
et al, 2018). Àíàë³ç íà íàÿâí³ñòü ãåíà nptII â 
ÄÍÊ ðåãåíåðàíò³â êóêóðóäçè ïîêîë³ííÿ Ò0 ïðî-
âîäèëè ç âèêîðèñòàííÿì íàñòóïíî¿ ïàðè ïðàé-
ìåð³â: 5�-CCTGA ATGAA CTCCA GGACG 
AGGCA-3� (F) ³ 5�-GCTCT AGATC CAGAG 
TCCCG CTCAG AAG-3� (R) (Mykhalska et al, 
2012). Ðîçì³ð ïðîäóêòó àìïë³ô³êàö³¿ ïîñë³äîâ-
íîñò³ äëÿ nptII ñêëàäàâ 649 ï.í. Ïðîãðàìà äëÿ 
ÏËÐ áóëà çàäàíà íàñòóïíèì ÷èíîì: ïåðøèé 
öèêë çà 94 ºÑ âïðîäîâæ 4 õâ ç íàñòóïíèìè 34 
öèêëàìè (äåíàòóðàö³ÿ çà 94 ºÑ 30 ñ, ðåíàòó-
ðàö³ÿ çà 64 ºÑ 30 ñ, åëîíãàö³ÿ çà 72 ºÑ 40 ñ). Ê³í-
öåâà åëîíãàö³ÿ òðèâàëà 5 õâ çà 72 ºÑ ç íàñòóï-
íèì îõîëîäæåííÿì äî 22 ºÑ. Äëÿ âèÿâëåííÿ 
ïåðøîãî åêçîíó ãåíà PDH âèêîðèñòîâóâàëè 
íàñòóïíó ïàðó ïðàéìåð³â: 5�-AACAA ACTGG 
ATCCG CTTAC-3� (F) ³ 5�-ATTAA GCTTT 
CGAAC CAAAC AAGT-3� (R) (Mykhalska et al, 
2012). Ðîçì³ð àìïë³êîíó – 700 ï.í. Ïðîãðàìà 
äëÿ ÏËÐ ôðàãìåíòó åêçîíó PDH-ex1 áóëà òàêà, 
ÿê äëÿ ïîñë³äîâíîñò³ nptII, îêð³ì òåìïåðàòóðè
ðåíàòóðàö³¿, ÿêà ñêëàäàëà 54 Ñ. Ó ðîë³ ïîçè-
òèâíîãî êîíòðîëþ âèêîðèñòîâóâàëè çàãàëüíó 
ÄÍÊ ðîñëèíè òþòþíó, òðàíñôîðìîâàíó âåêòî-
ðîì ðÑÂ271, ÄÍÊ áàêòåð³¿ øòàìó GV3101, 
àáî ÄÍÊ Arabidopsis thaliana ÷è ïëàçì³äè ðÂ³2Å 
â çàëåæíîñò³ â³ä ðåàêö³¿.

Âèõîäÿ÷è ç ðåçóëüòàò³â àíàë³çó ìåòîäîì ÏËÐ 
âèðàõîâóâàëè ÷àñòîòó âèÿâëåííÿ òðàíñãåíà (×ÂÒ)
ÿê â³äñîòêîâå ñï³ââ³äíîøåííÿ ê³ëüêîñò³ çðàçê³â, 
ÿê³ ì³ñòèëè òðàíñãåíè, äî çàãàëüíî¿ ê³ëüêîñò³ 
ïðîàíàë³çîâàíèõ çðàçê³â. ×àñòîòó òðàíñôîðìà-
ö³¿ (×Ò) âèçíà÷àëè ó â³äñîòêàõ ÿê ñï³ââ³äíî-
øåííÿ åêñïëàíò³â, ùî óòâîðèëè òðàíñãåíí³ ðîñ-
ëèíè, äî çàãàëüíî¿ ê³ëüêîñò³ åêñïëàíò³â, ï³ääà-
íèõ ïðîöåäóð³ òðàíñôîðìàö³¿. Êëîíîì ïîçíà-
÷àëè ðåãåíåðàíòè, ÿê³ óòâîðèëèñü â³ä îäíîãî 
åêñïëàíòó.

Àêòèâí³ñòü �-ãëþêóðîí³äàçè. Ã³ñòîõ³ì³÷íèé
àíàë³ç àêòèâíîñò³ �-ãëþêóðîí³äàçè ó ðîñëèí-
íîìó ìàòåð³àë³ ïðîâîäèëè çà ìåòîäèêîþ (Jef-
ferson, 1987).

Ñòàòèñòè÷íèé àíàë³ç. Ñòàòèñòè÷íèé àíàë³ç 
ðåçóëüòàò³â ïðîâîäèëè çà ñòàíäàðòíèìè ìåòî-
äèêàìè (McDonald, 2014; Ewens et al, 2023). 

Äëÿ îö³íêè íîðìàëüíîãî ðîçïîä³ëó äàíèõ çà-
ñòîñîâóâàëè êðèòåð³é Øàï³ðî-Â³ëêà. Òåñò Ëå-
âåíÿ âèêîðèñòîâóâàëè äëÿ ïåðåâ³ðêè ãîìîñêå-
äàñòè÷íîñò³ âèá³ðîê. Îñíîâí³ ïîêàçíèêè, òàê³ 
ÿê ×ÏÐÒ, ×Ò, ÷óòëèâ³ñòü ðåãåíåðàíò³â äî àí-
òèá³îòèêó òà àäàïòàö³ÿ â ´ðóíò³ ïîð³âíþâàëè 
çà ãåíîòèïàìè òà âåêòîðàìè, âèêîðèñòîâóþ÷è 
ôîðìóëè äëÿ ÿê³ñíî¿ ì³íëèâîñò³:

äå ð – çíà÷åííÿ ïîêàçíèêà â %; n – ðîçì³ð 
âèá³ðêè.

Ðåçóëüòàòè ïðåäñòàâëÿëè ç äîâ³ð÷èì ³íòåð-
âàëîì çà ð³âíÿ çíà÷óùîñò³ 0,05 – mt0,05, äå 
m – ñòàíäàðòíà ïîõèáêà ñåðåäíüîãî; t0,05 – 
êðèòåð³é Ñò’þäåíòà çà ð³âíÿ çíà÷óùîñò³ 0,05. 
Äîñòîâ³ðí³ñòü ð³çíèöü ì³æ âàð³àíòàìè äîñë³ä³â 
îö³íþâàëè çà ïîð³âíÿííÿ äîâ³ð÷èõ ³íòåðâàë³â 
ñåðåäí³õ çíà÷åíü.

Êîåô³ö³ºíò ïàðíî¿ êîðåëÿö³¿ ì³æ äàíèìè âè-
çíà÷àëè çà Ï³ðñîíîì. Ä ëÿ ïåðåâ³ðêè ã³ïîòåçè 
ïðî ðîçïîä³ë òðàíñãåí³â âèêîðèñòîâóâàëè êðè-
òåð³é óçãîäæåíîñò³ Ï³ðñîíà (êðèòåð³é �2). Ðå-
çóëüòàòè ââàæàëè ñòàòèñòè÷íî ³ñòîòíèìè çà 
ð³âíÿ çíà÷óùîñò³ 0,05.

Ðåçóëüòàòè. Â ïðîâåäåíèõ äîñë³äàõ Agrobac-
terium-îïîñåðåäêîâàí³é òðàíñôîðìàö³¿ çàãàëîì 
áóëî ï³ääàíî 1765 íåçð³ëèõ ïðåêóëüòèâîâàíèõ 
çàðîäê³â êóêóðóäçè. Ê³ëüê³ñòü îïðàöüîâàíèõ çà-
ðîäê³â ç êàëóñàìè ð³çíèëàñü ì³æ ãåíîòèïàìè â 
çàëåæíîñò³ â³ä íàÿâíîãî ìàòåð³àëó: â³ä 73 äëÿ 
ã³áðèäà ÄÊ959×ÄÊ232 äî 607 çàðîäê³â ë³í³¿ 
ÄÊ232 (òàáë. 1). Ñåðåä îïðàöüîâàíèõ ãåíîòè-
ï³â 29,0 % åêñïëàíò³â íàëåæàëè äî ë³í³¿ ÄÊ232, 
16,1 % – â³äíîñèëèñü äî ã³áðèäà ÊÏ7×ÏÐÆ5, ïî 
12,9 % åêñïëàíò³â áóëè â³ä ã³áðèä³â ÊÑ277×RS15 
òà RS15×ÊÑ277, ïî 6,5 % åêñïëàíò³â ó äîñë³-
äàõ çàéìàëè ë³í³¿ ÊÏ7, ÊÑ277, RS15 òà ã³áðèä 
ÄÊ959×ÄÊ232, 3,2 % íåçð³ëèõ çàðîäê³â íàëå-
æàëè äî ë³í³¿ ÏÐÆ5. Çàãàëîì 41,9 % åêñïëàí-
ò³â ï³ääàâàëè òðàíñôîðìàö³¿ âåêòîðîì ðÂ³2Å, 
38,7 % – âåêòîðîì ðÑÂ271, 19,4 % åêñïëàíò³â 
òðàíñôîðìóâàëè âåêòîðîì ðÑÂ202.

×àñòîòà ðåãåíåðàö³¿ ï³ñëÿ Agrobacterium-îïî-
ñåðåäêîâàíî¿ òðàíñôîðìàö³¿ (×ÐÏÒ) ó äîñë³ä-
æåíèõ ãåíîòèï³â êîëèâàëàñÿ â³ä 0 äî 18,1 %. 
Ðåãåíåðàö³þ ðîñëèí ñïîñòåð³ãàëè ó øåñòè ç 
äåâ’ÿòè ãåíîòèï³â: ÄÊ232, ÊÏ7, ÊÏ7×ÏÐÆ5, 
ÊÑ277×RS15, RS15×ÊÑ277 ³ ÄÊ959×ÄÊ232 
(òàáë. 1), ïðè÷îìó, çà ×ÐÏÒ âñ³ ã³áðèäè äîñ-
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òîâ³ðíî ïåðåâåðøóâàëè ë³í³¿, îêð³ì ÄÊ232. 
Ë³í³ÿ ÄÊ232 ìàëà âèñîêå çíà÷åííÿ äàíîãî ïî-
êàçíèêà (17,9 %), ÷èì ïîì³òíî â³äð³çíÿëàñü â³ä 
³íøèõ äîñë³äæåíèõ ë³í³é. Çà âåêòîðàìè, ÿê³ 
âèêîðèñòîâóâàëè, ×ÐÏÒ êîëèâàëàñÿ â ìåæàõ 
7,1–17,5 %. Ïðè âèêîðèñòàíí³ âåêòîðó ðÑÂ271, 
÷àñòîòà ðåãåíåðàö³¿ ðîñëèí ï³ñëÿ òðàíñôîðìà-
ö³¿ áóëà çíà÷óùî á³ëüøîþ ïîð³âíÿíî ç äâîìà 
³íøèìè âåêòîðàìè. Åôåêòèâí³ñòü ðåãåíåðàö³¿ 
ï³ñëÿ òðàíñôîðìàö³¿ (ÅÐÏÒ) çíàõîäèëàñÿ â
ìåæàõ â³ä 1 (ÊÏ7, ÄÊ959×ÄÊ232) äî 6 
(ÊÏ7×ÏÐÆ5) ïàãîí³â ç îäíîãî êàëþñó (åêñ-
ïëàíòó) (òàáëèöÿ S1, https://cytgen.com/articles/
5920003s.pdf).

Ñïîñòåð³ãàëè ñóòòºâó ð³çíèöþ ó ×ÐÏÒ ì³æ
äîíîðíèìè ðîñëèíàìè îäíîãî ãåíîòèïó (òàáë. 2). 
Òàê, íàïðèêëàä, çàðîäêè, îòðèìàí³ â³ä äîíîð-
íî¿ ðîñëèíè ¹ 2 ë³í³¿ ÄÊ232, ìàëè çíà÷óùî 

á³ëüøó ÷àñòîòó ðåãåíåðàö³¿ ï³ñëÿ òðàíñôîðìà-
ö³¿ ð³çíèìè âåêòîðàìè ïîð³âíÿíî ³ç çàðîäêàìè 
â³ä ³íøèõ äîíîðíèõ ðîñëèí ö³º¿ ë³í³¿. Öþ 
îñîáëèâ³ñòü ìè ô³êñóâàëè íå ò³ëüêè äëÿ ë³-
í³¿ ÄÊ232, à é äëÿ ã³áðèä³â ÊÏ7×ÏÐÆ5 òà 
RS15×ÊÑ277.

Ïåðø³ ðåãåíåðàíòè âèñàäæóâàëè â áàíêè 
³ç ñåëåêòèâíèì ñåðåäîâèùåì MS âæå ÷åðåç 5 
òèæí³â ï³ñëÿ òðàíñôîðìàö³¿ (ðèñ. 2, à–â). Ï³ê 
ðåãåíåðàö³¿, ç óðàõóâàííÿì ê³ëüêîñò³ âèñàäæå-
íèõ ðîñëèí â áàíêè, ñïîñòåð³ãàëè íà 7-é òèæ-
äåíü (ðèñ. 2, ä). Íàéá³ëüøå ðåãåíåðàíò³â áóëî 
îòðèìàíî äëÿ ãåíîòèï³â ÄÊ232 òà ÊÏ7×ÏÐÆ5 
ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ271 (òàáëè-
öÿ S1 https://cytgen.com/articles/5920003s.pdf). Ó
áàíêè ³ç ñåëåêòèâíèì ñåðåäîâèùåì çàãàëîì
áóëî âèñàäæåíî 201 ðîñëèíó-ðåãåíåðàíò. Çíà÷-
íà ÷àñòèíà ¿õ âèÿâëÿëàñü ÷óòëèâîþ äî ñåëåê-

Ïðèì³òêà. ×ÐÏÒ – ÷àñòîòà ðåãåíåðàö³¿ ç êàëþñ³â íà ñåëåêòèâíèõ ñåðåäîâèùàõ ï³ñëÿ òðàíñôîðìàö³¿; ×Ò –
÷àñòîòà òðàíñôîðìàö³¿; n1 – äîñë³äæåíî åêñïëàíò³â ï³ñëÿ ïðîöåäóðè òðàíñôîðìàö³¿, øò; n2 – ê³ëüê³ñòü 
ðåãåíåðàíò³â, îòðèìàíèõ ï³ñëÿ ïðîöåäóðè òðàíñôîðìàö³¿ òà âèñàäæåíèõ ó áàíêè ³ç ñåëåêòèâíèì ñåðåäîâèùåì, 
øò; n3 – ê³ëüê³ñòü ðåãåíåðàíò³â, îòðèìàíèõ ï³ñëÿ ïðîöåäóðè òðàíñôîðìàö³¿, ÿê³ áóëè âèñàäæåí³ â ´ðóíò, øò. 
Ñåðåäí³ çíà÷åííÿ ïîêàçíèê³â íàâåäåí³ ³ç äîâ³ð÷èìè ³íòåðâàëàìè çà ð³âíÿ çíà÷óùîñò³ 0,05. Çíà÷åííÿ òîãî 
ñàìîãî ïîêàçíèêà ç îäíàêîâîþ ë³òåðîþ ï³ä ÷àñ ïîð³âíÿííÿ îêðåìî çà ãåíîòèïàìè é îêðåìî çà âåêòîðàìè 
íåäîñòîâ³ðíî ðîçð³çíÿþòüñÿ íà ð³âí³ çíà÷óùîñò³ 0,05.

Òàáëèöÿ 1. Ðåçóëüòàòè Agrobacterium-îïîñåðåäêîâàíî¿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ êóêóðóäçè çàëåæíî â³ä ãåíîòèïó 
äîíîðíî¿ ðîñëèíè ³ âåêòîðà, ÿê³ âèêîðèñòîâóâàëè äëÿ òðàíñôîðìàö³¿

Ãåíîòèï 
äîíîðíî¿ 

ðîñëèíè/òèï 
âåêòîðà

Çàãàëüíà ê³ëü-
ê³ñòü åêñïëàíò³â, 
ï³ääàíèõ òðàíñ-
ôîðìàö³¿, øò

Ïîêàçíèêè òðàíñôîðìàö³¿

Âëàñòèâîñò³ ðåãåíåðàíò³â, 
îòðèìàíèõ ï³ñëÿ ïðîöåäóðè 

òðàíñôîðìàö³¿

×óòëèâ³ñòü äî 
ïàðîìîì³öèíó

Àäàïòàö³ÿ 
ó ´ðóíò³

n1 ×ÐÏÒ, % ×Ò, % n2 % n3 %

Çà ãåíîòèïàìè äîíîðíèõ ðîñëèí

ÊÏ7
ÏÐÆ5
ÊÏ7×ÏÐÆ5
ÊÑ277
RS15
ÊÑ277×RS15
RS15×ÊÑ277
ÄÊ232
ÄÊ959×ÄÊ232

180
80
277
100
100
149
199
607
73

90
40
138
50
50
74
76
302
27

1,1 ± 2,2ac

0a

18,1 ± 6,5b

0a

0a

16,2 ± 8,4b

7,9 ± 6,1bc

17,9 ± 4,3b

14,8 ± 13,6bc

0a

0a

6,5 ± 4,1b

0a

0a

8,1 ± 6,3b

3,9 ± 4,3ab

8,3 ± 3,1b

–

–
–
64
–
–
18
11
104
4

–
–

75,0 ± 10,6ab

–
–

44,4 ± 24,5a

54,5 ± 33,0ab

76,9 ± 8,0b

25,0 ± 69,4a

–
–
7
–
–
8
4
22
2

–
–

42,9 ± 44,9a

–
–

37,5 ± 41,1a

25,0 ± 69,4a

31,8 ± 19,4b

0a

Çà òèïîì âåêòîðà äëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿

ðÑÂ271
ðÑÂ202
ðÂ³2Å

732
333
700

343
156
348

17,5 ± 4,1a

7,1 ± 4,1b

8,9 ± 2,9b

7,3 ± 2,7a

3,8 ± 2,9a

3,4 ± 2,0a

125
19
57

69,8 ± 8,0a

52,6 ± 24,1a

80,7 ± 10,2a

29
7
7

31,0 ± 16,8à

57,1 ± 44,8à

14,3 ± 31,7à
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Agrobacterium-îïîñåðåäêîâàíà òðàíñôîðìàö³ÿ êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ 

òèâíîãî àãåíòó ï³ä ÷àñ ïîäàëüøîãî êóëüòèâó-
âàííÿ (ðèñ. 2, ã). ×àñòêà ðîñëèí-ðåãåíåðàíò³â, 
ÿê³ âèÿâëÿëè ÷óòëèâ³ñòü (çíåáàðâëåííÿ ëèñòê³â,
¿õ çàñèõàííÿ òà â³äìèðàííÿ) äî àíòèá³îòèêó
ïàðîìîì³öèíó òà íå óêîð³íþâàëèñü ï³ä ÷àñ 
êóëüòèâóâàííÿ íà ñåëåêòèâíîìó ñåðåäîâèù³,
ñêëàäàëà â îêðåìèõ åêñïåðèìåíòàõ â³ä 25 
(ÄÊ959×ÄÊ232) äî 100 % (ÊÏ7, ÄÊ232, ÊÏ7×
×ÏÐÆ5, ÊÑ277×RS15) (òàáëèöÿ S1, https://cyt
gen.com/articles/5920003s.pdf). Çàãàëîì, íàéìåí-
øà ÷àñòêà ðåãåíåðàíò³â, ÿê³ âèÿâèëè ÷óòëè-
â³ñòü äî àíòèá³îòèêó ï³ä ÷àñ ïîäàëüøîãî êóëü-
òèâóâàííÿ in vitro, áóëà ñåðåä ã³áðèä³â ÄÊ959×
×ÄÊ232 òà ÊÑ277×RS15 (òàáë. 1). Çà îáðà-
õóâàííÿ ÷àñòêè ðåãåíåðàíò³â, ÷óòëèâèõ äî ñå-
ëåêòèâíîãî àãåíòó, â çàëåæíîñò³ â³ä âåêòîð³â, 
ÿê³ âèêîðèñòîâóâàëè â äîñë³äæåíí³, äîñòîâ³ð-
íèõ ð³çíèöü íå âñòàíîâëåíî, àëå â³äì³÷åíî òåí-
äåíö³þ äî ï³äâèùåííÿ ÷óòëèâîñò³ äî ïàðîìî-
ì³öèíó ðîñëèí-ðåãåíåðàíò³â, îòðèìàíèõ ï³ñëÿ 
òðàíñôîðìàö³¿ âåêòîðîì ðÂ³2Å (òàáë. 1).

Çà ðåçóëüòàòàìè àíàë³çó ðîñëèííî¿ ÄÍÊ ìå-
òîäîì ÏËÐ óñ³ ðîñëèíè-ðåãåíåðàíòè, ÿê³ óêîð³-

íþâàëèñü ³ ðîñëè íà ñåëåêòèâíîìó ñåðåäîâèù³, 
ì³ñòèëè òðàíñãåíè (òàáëèöÿ S1, https://cytgen.
com/articles/5920003s.pdf). Ïîêàçàíà íàÿâ-
í³ñòü ãåíà nptII äëÿ ðåãåíåðàíò³â ð³çíèõ ãåíî-
òèï³â êóêóðóäçè, îòðèìàíèõ çà äîïîìîãîþ âñ³õ
òðüîõ âåêòîðíèõ êîíñòðóêö³é (ðèñ. 3, à), ãå-
íà S65Tpgfp ó ðåãåíåðàíò³â, îòðèìàíèõ ï³ñëÿ 
òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ271 (ðèñ. 3, á), 
åêçîíó PDH-ex1 ó ðîñëèí, îäåðæàíèõ ï³ñëÿ 
òðàíñôîðìàö³¿ âåêòîðîì ðÂ³2Å (ðèñ. 3, â) òà 
â³äñóòí³ñòü çàáðóäíåííÿ ðîñëèííîãî ìàòåð³àëó 
ÄÍÊ A. tumefaciens (ðèñ. 3, ä). Òðàíñãåíè áóëè 
âèÿâëåí³ ó 48 ðåãåíåðàíò³â êóêóðóäçè ÷îòèðüîõ 
ãåíîòèï³â: ÄÊ232 (30 øò), ÊÏ7×ÏÐÆ5 (9 øò), 
ÊÑ277×RS15 (6 øò) ³ RS15×ÊÑ277 (3 øò). Äëÿ 
òðüîõ ãåíîòèï³â êóêóðóäçè (ÄÊ232, ÊÑ277×RS15 
òà RS15×ÊÑ277) áóëè îòðèìàí³ òðàíñãåíí³ 
ðîñëèíè ç âèêîðèñòàííÿì óñ³õ òðüîõ âåêòîð³â.

×àñòîòà òðàíñôîðìàö³¿ (×Ò) êîëèâàëàñÿ ñå-
ðåä äîñë³äæåíèõ ãåíîòèï³â â³ä 0 äî 8,3 %, à 
ñåðåä äîñë³äæåíèõ âåêòîð³â – â³ä 3,4 äî 7,3 % 
(òàáë. 1). Ã³áðèäè ÊÏ7×ÏÐÆ5, ÊÑ277×RS15 òà 
ë³í³ÿ ÄÊ232 äîñòîâ³ðíî ïåðåâèùóâàëè çà äà-

Òàáëèöÿ 2. Ð³çíèöÿ ó ÷àñòîò³ ðåãåíåðàö³¿ ï³ñëÿ òðàíñôîðìàö³¿ (×ÐÏÒ) òà ÷àñòîò³ òðàíñôîðìàö³¿ (×Ò) 
ì³æ ðîñëèíàìè îäíîãî ãåíîòèïó, ÿê³ áóëè äîíîðàìè åêñïëàíò³â

Ãåíîòèï
Äîíîðíà 
ðîñëèíà, 

¹
DAP DIC N n ×ÐÏÒ, % ×Ò, %

ÄÊ232

ÊÏ7×ÏÐÆ5

ÊÑ277×RS15

RS15×ÊÑ277

1
2
22
25

8
13

9
18

16
17

11
11
10
11

10
11

11
11

12
12

12
12
8
7

11
10

10
9

9
9

110
160
37
300

177
100

39
110

33
166

54
80
18
150

88
50

19
55

16
60

7,4 ± 7,1a

51,3 ± 11,2b

16,7 ± 18,4a

4,0 ± 3,1a

2,3 ± 3,2a

46,0 ± 14,2b

5,3 ± 10,7a

20,0 ± 10,8a

0a

10,0 ± 7,7b

1,9 ± 3,7a

23,8 ± 9,5b

11,1 ± 15,5a

2,0 ± 2,2a

1,1 ± 2,2a

16,0 ± 10,4b

0a

10,9 ± 8,4b

0a

5,0 ± 5,6a

Ïðèì³òêà. DAP (days after pollination) – ê³ëüê³ñòü ä³á ï³ñëÿ çàïèëåííÿ íà ìîìåíò ³çîëÿö³¿ çàðîäê³â; DIC 
(days in culture) – ê³ëüê³ñòü ä³á ïðåêóëüòèâóâàííÿ åêñïëàíò³â; N – çàãàëüíà ê³ëüê³ñòü åêñïëàíò³â, ï³ääàíèõ 
òðàíñôîðìàö³¿, øò; n – ê³ëüê³ñòü äîñë³äæåíèõ åêñïëàíò³â ï³ñëÿ ïðîöåäóðè òðàíñôîðìàö³¿, øò. Ñåðåäí³ 
çíà÷åííÿ ïîêàçíèê³â íàâåäåí³ ³ç äîâ³ð÷èìè ³íòåðâàëàìè çà ð³âíÿ çíà÷óùîñò³ 0,05. Çíà÷åííÿ òîãî ñàìîãî 
ïîêàçíèêà ç îäíàêîâîþ ë³òåðîþ ï³ä ÷àñ ïîð³âíÿííÿ çà ãåíîòèïàìè íåäîñòîâ³ðíî ðîçð³çíÿþòüñÿ íà ð³âí³ 
çíà÷óùîñò³ 0,05.
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íèì ïîêàçíèêîì ðåøòó ë³í³é ³ ã³áðèä RS15×
×ÊÑ277. Äîñòîâ³ðíî¿ ð³çíèö³ çà ïîêàçíèêîì 
×Ò çà ïîð³âíÿííÿ âåêòîð³â, ùî áóëè çàä³ÿí³ 
äî òðàíñôîðìàö³¿, çíàéäåíî íå áóëî, îäíàê, 
â³äì³÷åíî òåíäåíö³þ äî çá³ëüøåííÿ ÷àñòîòè 
òðàíñôîðìàö³¿ çà âèêîðèñòàííÿ âåêòîðà ðÑÂ271
(òàáë. 1). Íàéá³ëüøèé ïîêàçíèê ×Ò áóâ çàô³ê-
ñîâàíèé â îêðåìîìó åêñïåðèìåíò³ ç ³íáðåäíîþ 
ë³í³ºþ ÄÊ232 çà âèêîðèñòàííÿ âåêòîðó ðÑÂ271
(òàáëèöÿ S1, https://cytgen.com/articles/592000
3s.pdf). ×àñòîòà òðàíñôîðìàö³¿, ÿê ³ ×ÐÏÒ,
çíà÷óùî ð³çíèëàñü ñåðåä åêñïëàíò³â, îòðèìàíèõ
â³ä ð³çíèõ äîíîðíèõ ðîñëèí îäíîãî ãåíîòèïó 
(òàáë. 2). Âèÿâëåíî ð³çíèöþ ñåðåä ðîñëèí ë³í³¿
ÄÊ232 òà ã³áðèä³â ÊÏ7×ÏÐÆ5, ÊÑ277×RS15. 
Çíàéäåíî ñèëüíó êîðåëÿö³þ ì³æ ÷àñòîòàìè ðå-
ãåíåðàö³¿ òà òðàíñôîðìàö³¿. Êîåô³ö³ºíò êîðå-
ëÿö³¿ Ï³ðñîíà ì³æ ×ÐÏÒ òà ×Ò äîð³âíþâàâ 0,93.

Óêîð³íåí³ ðîñëèíè-ðåãåíåðàíòè, îòðèìàí³ ï³ñ-
ëÿ ïðîöåäóðè òðàíñôîðìàö³¿, âèñàäæóâàëè â 
´ðóíò ³ âèðîùóâàëè â óìîâàõ òåïëèö³. Âñüîãî 
áóëî âèñàäæåíî 43 ðåãåíåðàíòè. Âèæèâàí³ñòü 
ó ´ðóíò³ ñåðåä ðîñëèí-ðåãåíåðàíò³â, îòðèìà-
íèõ ï³ñëÿ òðàíñôîðìàö³¿, êîëèâàëàñÿ â ìåæàõ 
â³ä 0 (ÄÊ959×ÄÊ232) äî 42,9 % (ÊÏ7×ÏÐÆ5) 

çàëåæíî â³ä ãåíîòèïó (òàáë. 1). Çíà÷óùî¿ ð³ç-
íèö³ â àäàïòàö³¿ ðîñëèí ð³çíèõ ãåíîòèï³â äî 
óìîâ ex vitro, îòðèìàíèõ ³ç âèêîðèñòàííÿì ð³ç-
íèõ âåêòîð³â, íå áóëî âèÿâëåíî. Êîåô³ö³ºíò 
êîðåëÿö³¿ Ï³ðñîíà ì³æ ÷àñòîòîþ àäàïòàö³¿ ðå-
ãåíåðàíò³â ³ ×Ò áóâ 0,34, à ì³æ ÷àñòîòîþ àäàï-
òàö³¿ òà ×ÐÏÒ – 0,27.

Â óìîâàõ óí³âåðñàëüíî¿ òåïëèö³ ²ÊÁÃ² ÍÀÍ
Óêðà¿íè, ÿêà íå áóëà ïðèñòîñîâàíà äî âèðîùó-
âàííÿ ñâ³òëîëþáèâî¿ âèáàãëèâî¿ êóëüòóðè, ðåãå-
íåðàíòè êóêóðóäçè ðîñëè ñëàáêî, íå ôîðìó-
âàëè ïîâíîö³íí³ ãåíåðàòèâí³ îðãàíè, âçàãàë³ 
íå ðîçâèâàëè ÷îëîâ³÷èõ ñóöâ³òü (ðèñ. 4). Æ³-
íî÷³ ñóöâ³òòÿ ÷àñòî áóëè íåäîðîçâèíóò³. Êóëü-
òèâóâàííÿ òà ãåíåòè÷íà òðàíñôîðìàö³ÿ in vi-
tro ìîæóòü òàêîæ ïðèçâîäèòè äî ïîðóøåíü ó 
ìîðôîëîã³¿ òà ôåðòèëüíîñò³ îòðèìàíèõ ðîñëèí 
(Ishida et al, 2007). Ó òðàíñãåííèõ ðîñëèí, îò-
ðèìàíèõ çà äîïîìîãîþ âåêòîðà ðÑÂ202, âè-
ÿâëÿëè àêòèâí³ñòü ôåðìåíòó �-ãëþêóðîí³äàçè
â ëèñòêàõ, îáãîðòö³ êà÷àí³â ³ æ³íî÷èõ ñóöâ³ò-
òÿõ (ðèñ. 4, å).

Ðîñëèíè ïîêîë³ííÿ Ò1 òðüîõ äîñë³äíèõ ãðóï,
îòðèìàíèõ â³ä ñõðåùóâàííÿ ðåãåíåðàíò³â ïîêî-
ë³ííÿ Ò0, (òàáë. 3), îö³íþâàëè íà íàÿâí³ñòü òðàíñ-

Ðèñ. 2. Åòàïè â³äáîðó in vitro òðàíñãåííèõ ðîñ-
ëèí êóêóðóäçè ï³ñëÿ Agrobacterium-îïîñåðåäêîâà-
í³é òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ271 íà ïðèêëàä³ 
³íáðåäíî¿ ë³í³¿ ÄÊ232. à – çîâí³øí³é âèãëÿä êà-
ëþñ³â íà ñåëåêòèâíîìó ñåðåäîâèù³; á – ðåãåíåðà-
ö³ÿ ïàãîí³â íà ñåðåäîâèù³ ³ç 50 ìã/ë ïàðîìîì³-

öèíó; â, ã – çîâí³øí³é âèãëÿä ðîñëèí-ðåãåíåðàíò³â â áàíêàõ íà ñåðåäîâèù³ ç àíòèá³îòèêîì – ñò³éêà 
óêîð³íåíà (â) òà ÷óòëèâà çíåáàðâëåíà (ã); ä – çàãàëüíà ê³ëüê³ñòü ðåãåíåðàíò³â, âèñàäæåíèõ ó áàíêè âïðî-
äîâæ êóëüòèâóâàííÿ
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ãåí³â ìåòîäîì ÏËÐ. Ó êîæí³é äîñë³äí³é ãðóï³
îäíà àáî îáèäâ³ áàòüê³âñüê³ ðîñëèíè áóëè â³ä³-
áðàí³ ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ271, 
ÿêèé ì³ñòèâ ñèíòåòè÷íèé ìóòàíòíèé ðåïîð-
òåðíèé ãåí S65Tpgfp çåëåíîãî ôëóîðåñö³þþ-
÷îãî ïðîòå¿íó (GFP). Òîìó, â ïåðøó ÷åðãó íà-
ìàãàëèñü äîñë³äèòè óñïàäêóâàííÿ öüîãî ãåíà ó 
ïîêîë³íí³ Ò1. Ñåðåä 180 ðîñëèí ãåí S65Tpgfp 
áóâ âèÿâëåíèé ó 96 ðîñëèí (53,3 %) (òàáë. 3, 
ðèñ. 5, à). Ñï³ââ³äíîøåííÿ ðîñëèí ïîêîë³ííÿ 
Ò1 çà íàÿâí³ñòþ-â³äñóòí³ñòþ òðàíñãåíà áóëî 
áëèçüêèì äî 1 : 1 ³ ñóòòºâèì çà êðèòåð³ºì 
óçãîäæåíîñò³ Ï³ðñîíà íà ð³âí³ çíà÷óùîñò³ 0,05 
(òàáë. 3), îñê³ëüêè îòðèìàí³ çíà÷åííÿ çíàõî-
äÿòüñÿ çà ìåæàìè êðèòè÷íî¿ îáëàñò³ (êðèòåð³é 
Ï³ðñîíà0,05 = 3,84).

Îñê³ëüêè âåêòîðè, ÿê³ âèêîðèñòîâóâàëè äëÿ
òðàíñôîðìàö³¿, ì³ñòèëè ãåí íåîì³öèíôîñôî-
òðàíñôåðàçè II (nptII) â ñâîºìó ñêëàä³ (ðèñ. 
5, á), áóëî ïðîâåäåíî äîñë³äæåííÿ íà ïðèñóò-
í³ñòü éîãî â ÄÍÊ ðîñëèí ïîêîë³ííÿ Ò1. Öåé 
ãåí áóâ âèÿâëåíèé ìåòîäîì ÏËÐ ó 24 çðàçêàõ 
ïåðøî¿, äðóãî¿ òà òðåòüî¿ ãðóï, ÿê³ ì³ñòèëè ãåí 
S65Tpgfp (òàáë. 2), ùî îõîïëþâàëî çàãàëîì 
÷åòâåðòó ÷àñòèíó ðîñëèí. Ó ãðóï³ ðîñëèí ¹ 3 
÷àñòîòà âèÿâëåííÿ ãåíà nptII áóëà íàéìåí-
øîþ. Àíàë³ç ãðóïè ðîñëèí ¹ 3 íà ïðèñóòí³ñòü 
³íâåðòîâàíîãî ïîâòîðó ç äâîõ êîï³é åêçîíà
1 ãåíà ïðîë³íäåã³äðîãåíàçè àðàá³äîïñèñó, ÿêèé 
âõîäèâ äî âåêòîðà ðÂ³2Å, íå âèÿâèâ íàÿâíîñ-
ò³ öüîãî ôðàãìåíòà ãåíà â ðîñëèíí³é ÄÍÊ 
(ðèñ. 5, â).

Ðèñ. 3. Åëåêòðîôîðåãðàìà ïðîäóêò³â ÏËÐ-àíàë³çó ðîñëèííî¿ ÄÍÊ ðåãåíåðàíò³â êóêóðóäçè ïîêîë³ííÿ Ò0 
íà ïðèñóòí³ñòü ãåí³â nptII (à), S65Tpgfp (á), ³íâåðòîâàíîãî ïîâòîðó ç äâîõ êîï³é åêçîíà 1 ãåíà ïðîë³íäå-
ã³äðîãåíàçè PDH-ex1 àðàá³äîïñèñó (â) òà ãåíà vir-D1 A. tumefaciens (ã). à – äîð³æêè 1 òà 5–10 – ÄÍÊ ðåãåíåðàíò³â, 
îòðèìàíèõ ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ271, äîð³æêè 3 òà 11 – ÄÍÊ ðåãåíåðàíò³â, îòðèìàíèõ ï³ñëÿ 
òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ202, äîð³æêà 4 – ÄÍÊ ðåãåíåðàíòó, îòðèìàíîãî ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì 
pBi2E, äîð³æêè 2, 12 – íåãàòèâíèé êîíòðîëü, ÄÍÊ íåòðàíñôîðìîâàíî¿ ðîñëèíè êóêóðóäçè, Ê+ – ïîçèòèâ-
íèé êîíòðîëü, ÄÍÊ òðàíñãåííî¿ ðîñëèíè òþòþíó; äîâæèíà î÷³êóâàíîãî ôðàãìåíòó – 649 ïàð íóêëåîòèä³â 
(ï.í.). á – äîð³æêè 1, 3 – ÄÍÊ ðåãåíåðàíò³â ã³áðèäà ÊÏ7×ÏÐÆ5, äîð³æêè 2, 4, 5 – ÄÍÊ ðåãåíåðàíò³â ë³í³¿ 
ÄÊ232, Ê+ – ïîçèòèâíèé êîíòðîëü, ÄÍÊ òðàíñãåííî¿ ðîñëèíè òþòþíó; äîâæèíà î÷³êóâàíîãî ôðàãìåí-
òó – 311 ï.í. â – äîð³æêè 1 òà 7 – ÄÍÊ ðåãåíåðàíò³â ã³áðèäà RS15×ÊÑ277, äîð³æêè 2, 3, 5, 8, 10, 16 – ÄÍÊ 
ðåãåíåðàíò³â ë³í³¿ ÄÊ232, äîð³æêè 4 òà 17 – ÄÍÊ ðåãåíåðàíò³â ã³áðèäà ÊÑ277×RS15, äîð³æêè 6, 12, 14 – 
ÄÍÊ ðåãåíåðàíò³â ã³áðèäà ÊÏ7×ÏÐÆ5, êîòð³ áóëè îòðèìàí³ ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì pBi2E; äîð³æêè 
9 òà 11 – íåãàòèâíèé êîíòðîëü, ÄÍÊ íåòðàíñôîðìîâàíèõ ðîñëèí ë³í³¿ ÄÊ232 òà ã³áðèäà ÊÏ7×ÏÐÆ5; 
Ê+ – ïîçèòèâíèé êîíòðîëü, ÄÍÊ A. thaliana; äîâæèíà î÷³êóâàíîãî ôðàãìåíòó 700 ï.í. ã – äîð³æêè 1–
11 – ÄÍÊ ë³í³é êóêóðóäçè ï³ñëÿ òðàíñôîðìàö³¿, Ê+ – ïîçèòèâíèé êîíòðîëü, ñóìàðíà ÄÍÊ A. tumefaciens 
øòàìó GV3101; äîâæèíà î÷³êóâàíîãî ôðàãìåíòó 432 ï.í. Ê– – êîíòðîëü áåç ÄÍÊ, Ì – ìàðêåð ìîëåêóëÿð-
íî¿ ìàñè ÄÍÊ Ladder Mix
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Ðèñ. 4. Çîâí³øí³é âèãëÿä ðåãåíåðàíò³â êóêóðóäçè, îòðèìàíèõ ï³ñëÿ Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîð-
ìàö³¿ íåçð³ëèõ çàðîäê³â, ó òåïëèö³. à – RS15×ÊÑ277, âåêòîð ðÑÂ202; á, â – ÄÊ232, âåêòîð ðÑÂ271; ã – âåðõ³âêîâå 
ñóöâ³òòÿ; ä – á³÷íå ñóöâ³òòÿ; å – áëàêèòíå çàáàðâëåííÿ æ³íî÷îãî ñóöâ³òòÿ ðåãåíåðàíòà ÊÏ7×ÏÐÆ5, îòðè-
ìàíîãî ï³ñëÿ òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ202, ñâ³ä÷èòü ïðî àêòèâí³ñòü ôåðìåíòó �-ãëþêóðîí³äàçè

Òàáëèöÿ 3. ×àñòîòà ðîñëèí-íîñ³¿â ãåí³â S65Tpgfp òà nptII ñåðåä ðîñëèí êóêóðóäçè ïîêîë³ííÿ Ò1 
çà ðåçóëüòàòàìè àíàë³çó ìåòîäîì ÏËÐ

Ïðèì³òêà. n – ê³ëüê³ñòü ïðîàíàë³çîâàíèõ ðîñëèí, øò.; *âåêòîðè, ÿê³ áóëè âèêîðèñòàí³ ï³ä ÷àñ îòðèìàííÿ 
ìàòåðèíñüêî¿ òà áàòüê³âñüêî¿ ðîñëèí ïîêîë³ííÿ Ò0 â³äïîâ³äíî. Êðèòåð³é óçãîäæåíîñò³ Ï³ðñîíà íà ð³âí³ 
çíà÷óùîñò³ 0,05 äîð³âíþº 3,84. Ñåðåäí³ çíà÷åííÿ ïîêàçíèê³â íàâåäåí³ ³ç äîâ³ð÷èìè ³íòåðâàëàìè çà ð³âíÿ 
çíà÷óùîñò³ 0,05.

¹ 
ãðóïè

Ãåíîòèï ðîñëèí 
ïîêîë³ííÿ Ò1

Âåêòîðè*

Ãåí S65Tpgfp Ãåí nptII

n

×àñòîòà 
ðîñëèí-

íîñ³¿â ãåíà 
S65Tpgfp 

ñåðåä ðîñëèí 
Ò1, %

Êðèòåð³é 
óçãîäæå-

íîñò³ 
Ï³ðñîíà

n

×àñòîòà ðîñ-
ëèí-íîñ³¿â ãåíà 

nptII ñåðåä 
ðîñëèí Ò1, ÿê³ 

ì³ñòÿòü ãåí 
S65Tpgfp, %

1

2

3

Ò1(Ò0 ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0 

ðÑÂ271(ÊÏ7×ÏÐÆ5))
Ò1(Ò0 ðÑÂ202(ÄÊ232)×Ò0 

ðÑÂ271(ÊÏ7×ÏÐÆ5))
Ò1(Ò0 ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0 

ðÂ³2Å(ÊÏ7×ÏÐÆ5))

ðÑÂ271; ðÑÂ271

ðÑÂ202; ðÑÂ271

ðÑÂ271; ðÂ³2Å

46

80

54

43,5

57,5

55,6

0,78

1,80

0,67

20

46

30

30,0

28,3

16,7

Çàãàëîì 180 53,3 ± 7,3 – 96 25,0 ± 8,7



13ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2025. Ò. 59. ¹ 2

Agrobacterium-îïîñåðåäêîâàíà òðàíñôîðìàö³ÿ êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ 

Îñê³ëüêè íàñ³ííÿ äðóãî¿ ãðóïè ðîñëèí 
Ò1(Ò0(ÄÊ232)×Ò0(ÊÏ7×ÏÐÆ5)) áóëî îòðèìàíî
â ðåçóëüòàò³ çàïèëåííÿ ìàòåðèíñüêî¿ ðîñëèíè
ÄÊ232, îäåðæàíî¿ ï³ñëÿ Agrobacterium-îïîñå-
ðåäêîâàíî¿ òðàíñôîðìàö³¿ âåêòîðîì ðÑÂ202 
(òàáë. 1), ÿêèé ì³ñòèâ ãåí �-ãëþêóðîí³äàçè 
(uidA), ìè äîñë³äæóâàëè öþ ãðóïó ðîñëèí íà
íàÿâí³ñòü åêñïðåñ³¿ ôåðìåíòó çà äîïîìîãîþ
ã³ñòîõ³ì³÷íîãî àíàë³çó. Ó ëèñòêàõ 42 ðîñ-
ëèí ñïîñòåð³ãàëè ïîÿâó áëàêèòíîãî çàáàðâ-
ëåííÿ, ùî ñâ³ä÷èòü ïðî àêòèâí³ñòü ôåðìåíòó 
�-ãëþêóðîí³äàçè, à îòæå, åêñïðåñ³þ ãåíà uidA 
òà, â³äïîâ³äíî, íàÿâí³ñòü òðàíñãåíà â ðîñëèí-
í³é ÄÍÊ. Ó ëèñòêàõ êîíòðîëüíèõ ³íòàêòíèõ 
ðîñëèí áëàêèòíîãî çàáàðâëåííÿ âèÿâëåíî íå 

áóëî. Ñïîñòåð³ãàëè ãðàäàö³þ çà ïëîùåþ ëèñò-
êà, íà ÿê³é ïðîÿâëÿëîñÿ áëàêèòíå çàáàðâëåí-
íÿ, â³ä òî÷êîâîãî äî ÷àñòêîâîãî òà ñóö³ëüíîãî 
(ðèñ. 6). Ñèíº çàáàðâëåííÿ ÷àñòî ô³êñóâàëè â 
ì³ñöÿõ ïîøêîäæåííÿ ïîâåðõí³ ëèñòêà, à ñàìå 
çð³ç³â ³ çãèí³â, äå áóâ êðàùèé äîñòóï ñóáñòðàòó 
äî êë³òèííîãî ñîêó òà, çîêðåìà, ôåðìåíòó.

Åêñïðåñ³þ ãåíà �-ãëþêóðîí³äàçè âèÿâèëè ó 
52,5 % ðîñëèí, ùî â³äïîâ³äàº ðîçùåïëåííþ 1 : 1,
õàðàêòåðíîìó äëÿ ãåòåðîçèãîòíîãî ñòàíó ãåíà 
çà àíàë³çóþ÷îãî ñõðåùóâàííÿ òà, â³äïîâ³äíî, 
îäíîëîêóñíîãî âáóäîâóâàííÿ ãåíà uidA â ãå-
íîì ìàòåðèíñüêî¿ ðîñëèíè ÄÊ232. Ñòàòèñòè÷-
íèé àíàë³ç îòðèìàíèõ äàíèõ çà êðèòåð³ºì óçãîä-
æåíîñò³ Ï³ðñîíà âèÿâèâ çíà÷óùèì ðîçïîä³ë 

Ðèñ. 5. Åëåêòðîôîðåãðàìà ïðîäóêò³â ÏËÐ-àíàë³çó ÄÍÊ ðîñëèí ïîêîë³ííÿ Ò1 íà ïðèñóòí³ñòü ãåí³â S65Tpgfp 
(à), nptII (á), åêçîíó PDH-ex1 àðàá³äîïñèñó (â) â 1%-âîìó àãàðîçíîìó ãåë³. à – äîð³æêè 1–17 – ÄÍÊ ðîñ-
ëèí ãðóïè ¹ 3 – Ò1(Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0ðÂ³2Å(ÊÏ7×ÏÐÆ5)); Ê+ – ïîçèòèâíèé êîíòðîëü, ÄÍÊ òðàíñ-
ãåííî¿ ðîñëèíè òþòþíó, îòðèìàíî¿ â ðåçóëüòàò³ Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ âåêòîðîì 
ðÑÂ271; äîâæèíà î÷³êóâàíîãî àìïë³êîíó ñêëàäàëà 311 ï.í. á – äîð³æêà 1–16 – ÄÍÊ ðîñëèí êóêóðóäçè 
ãðóïè ¹ 2 – Ò1(Ò0ðÑÂ202(ÄÊ232)×Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)), Ê+ – ïîçèòèâíèé êîíòðîëü, ÄÍÊ òðàíñãåííî¿ 
ðîñëèíè òþòþíó, äîâæèíà î÷³êóâàíîãî àìïë³êîíó ñòàíîâèëà 700 ï.í. â – äîð³æêè 1–17 – ÄÍÊ äîñë³ä-
íèõ ðîñëèí ãðóïè ¹ 3 – Ò1(Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0ðÂ³2Å(ÊÏ7×ÏÐÆ5)), Ê+ – ïîçèòèâíèé êîíòðîëü, ÄÍÊ 
A. tumefaciens, ÿêà ì³ñòèëà ïëàçì³äó ðÂ³2Å, äîâæèíà î÷³êóâàíîãî àìïë³êîíó ñòàíîâèëà 700 ï.í.; Ê– – êîíòðîëü 
áåç ÄÍÊ; Ì – ìàðêåð ìîëåêóëÿðíî¿ ìàñè ÄÍÊ Ladder Mix



14 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2025. Ò. 59. ¹ 2

².Î. Í³òîâñüêà, Ò.Ì. Ñàòàðîâà, Î.ª. Àáðà³ìîâà òà ³í.

ðîñëèí çà ãåíîì uidA ó ïîòîìñòâ³ ó ñï³ââ³äíî-
øåíí³ 1 : 1.

Îáãîâîðåííÿ. Ãåíåòè÷íîþ òðàíñôîðìàö³ºþ 
êóêóðóäçè ðîçïî÷àëè çàéìàòèñÿ ùå ç 80-õ 
ðîê³â ìèíóëîãî ñòîë³òòÿ. Íà öåé ÷àñ ñòâîðåíî 
òðàíñãåííó êóêóðóäçó, ñò³éêó äî ãåðá³öèä³â, 
øê³äíèê³â, çàõâîðþâàíü, ïîñóõè òîùî. Ïðîòå, 
ê³ëüê³ñòü ãåíîòèï³â êóêóðóäçè, ÿê³ áóëè óñï³øíî 

çàëó÷åí³ äî ãåíåòè÷íî¿ òðàíñôîðìàö³¿, âêðàé 
îáìåæåíà (Kausch et al, 2021b; Yassitepe et al, 
2021). Öå îáìåæåííÿ íàñò³ëüêè çíà÷íå, ùî â 
ñâ³ò³ çàñòîñîâóþòü ñïåö³àëüí³ á³îòåõíîëîã³÷í³ 
ï³äõîäè äëÿ òîãî, ùîá éîãî óíèêíóòè òà 
çá³ëüøèòè ê³ëüê³ñòü ãåíîòèï³â, ÿê³ ìàþòü âè-
ñîêó ðåãåíåðàö³éíó çäàòí³ñòü òà ìîæóòü áóòè 
çàëó÷åí³ äî ãåíåòè÷íî¿ òðàíñôîðìàö³¿ (Lowe et 

Ðèñ. 6. Ã³ñòîõ³ì³÷íèé àíàë³ç àêòèâíîñò³ ôåðìåíòó �-ãëþêóðîí³äàçè â ëèñòêàõ ðîñëèí êóêóðóäçè ïîêîë³ííÿ 
Ò1 ãåíîòèïó (Ò0(ÄÊ232)× Ò0(ÊÏ7×ÏÐÆ5))
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al, 2016; Masters et al, 2020). Çâàæàþ÷è íà òå, 
ùî Óêðà¿íà º ïîòóæíèì åêñïîðòåðîì êóêóðóä-
çè â ñâ³ò³, ñêðèí³íã ï³ääàòëèâèõ äî òðàíñôîð-
ìàö³¿ ãåíîòèï³â, ùî êóëüòèâóþòüñÿ íà ¿¿ òåðå-
íàõ, ³ ñòâîðåííÿ åôåêòèâíî¿ òåõíîëîã³¿ òðàíñ-
ôîðìàö³¿ êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ º 
íàäçâè÷àéíî àêòóàëüíèì ÿê äëÿ âíóòð³øíüî¿, 
òàê ³ äëÿ ñâ³òîâî¿ àãðîïðîìèñëîâîñò³ òà á³î-
òåõíîëîã³¿ êóêóðóäçè â ö³ëîìó. Äëÿ òîãî, 
ùîá âèçíà÷èòè ñïðèéíÿòëèâ³ äî ãåíåòè÷íî¿ 
òðàíñôîðìàö³¿ ãåíîòèïè êóêóðóäçè, â ðîáîò³ 
áóëî ïðîòåñòîâàíî äåâ’ÿòü ãåíîòèï³â óêðà¿í-
ñüêî¿ ñåëåêö³¿, à ñàìå ï’ÿòü ³íáðåäíèõ ë³í³é 
òà ÷îòèðè ã³áðèäè F1. Ïðåêóëüòèâîâàí³ íåçð³-
ë³ çàðîäêè êóêóðóäçè ï³ääàâàëè Agrobacterium-
îïîñåðåäêîâàí³é òðàíñôîðìàö³¿, ñïðÿìîâàíî 
âèêîðèñòîâóþ÷è òåñòîâ³ âåêòîðè, ÿê³ ì³ñòèëè 
ñåëåêòèâíèé ìàðêåðíèé ãåí íåîì³öèíôîñôî-
òðàíñôåðàçè II (nptII) òà ðåïîðòåðí³ ãåíè GFP 
(S65Tpgfp) àáî �-ãëþêóðîí³äàçè (uidA), äëÿ âè-
çíà÷åííÿ åôåêòèâíîñò³ òðàíñôîðìàö³¿. Ñåðåä 
ïðîòåñòîâàíèõ ï’ÿòè ³íáðåäíèõ ë³í³é ò³ëüêè 
ó îäí³º¿ (ÄÊ232) ñïîñòåð³ãàëè âèñîêó ÷àñòîòó 
ðåãåíåðàö³¿ íà ñåëåêòèâíèõ ñåðåäîâèùàõ ï³ñëÿ 
òðàíñôîðìàö³¿. Ðåøòà ë³í³é âèÿâëÿëè ÷óòëè-
â³ñòü äî áàêòåð³àëüíî¿ êîíòàì³íàö³¿, ðåãåíåðà-
ö³ÿ ñåðåä íèõ áóëà ïðàêòè÷íî â³äñóòíÿ. Ó òîé 
æå ÷àñ, âñ³ ïðîòåñòîâàí³ ã³áðèäè ìàëè äîñòàò-
íüî âèñîêó ÷àñòîòó ðåãåíåðàö³¿ íà ñåëåêòèâ-
íèõ ñåðåäîâèùàõ ï³ñëÿ òðàíñôîðìàö³¿, ùî 
ñâ³ä÷èòü ïðî á³ëüøó âèòðèâàë³ñòü ã³áðèä³â ïî-
ð³âíÿíî ç ³íáðåäíèìè ë³í³ÿìè ùîäî ñï³â-
êóëüòèâóâàííÿ ç A. tumefaciens. ² õî÷à ³íáðåä-
í³ ë³í³¿ ïîð³âíÿíî ç ã³áðèäàìè ââàæàþòüñÿ 
á³ëüø ïðèâàáëèâèì ìàòåð³àëîì äëÿ á³îòåõ-
íîëîã³÷íèõ äîñë³äæåíü ÷åðåç ¿õíþ ãåíåòè÷íó 
âèçíà÷åí³ñòü ³ ñòàá³ëüí³ñòü, âèêîðèñòàííÿ ã³á-
ðèä³â F1 â åêñïåðèìåíòàõ ç ãåíåòè÷íî¿ òðàíñ-
ôîðìàö³¿ ç ïîäàëüøèì çàñòîñóâàííÿì çâîðîò-
íèõ íàñè÷óâàëüíèõ ñõðåùóâàíü ³ç ìàðêåð-äî-
ïîì³æíîþ ñåëåêö³ºþ º òàêîæ ïåðñïåêòèâíèì 
÷åðåç ¿õíþ âèñîêó ðåãåíåðàö³éíó çäàòí³ñòü òà 
âèòðèâàë³ñòü äî á³îòåõíîëîã³÷íèõ ìàí³ïóëÿö³é 
in vitro (Morgun et al, 2021).

Ï³ñëÿ òðàíñôîðìàö³¿ òà ñåëåêö³¿ òðàíñãåí-
íîãî ìàòåð³àëó ç âèêîðèñòàííÿì ïàðîìîì³-
öèíó áóëè îòðèìàí³ ðåãåíåðàíòè øåñòè ãåíî-
òèï³â ó çàãàëüí³é ê³ëüêîñò³ 201 òà âèñàäæåí³ â 
ñêëÿí³ ºìíîñò³ ³ç ñåëåêòèâíèì ñåðåäîâèùåì. 
Çíà÷íà ê³ëüê³ñòü ðåãåíåðàíò³â âèÿâèëàñü ÷óò-

ëèâîþ ï³ä ÷àñ ïîäàëüøîãî êóëüòèâóâàííÿ. Öå
ìîãëî áóòè ïîâ’ÿçàíî ³ç ì’ÿêøîþ ä³ºþ ïà-
ðîìîì³öèíó íà ðåãåíåðàö³éíèé ïîòåíö³àë ðîñ-
ëèííèõ êë³òèí ïîð³âíÿíî ç ³íøèìè ñåëåêòèâ-
íèìè àãåíòàìè, òàêèìè, ÿê êàíàì³öèí (Nitov-
ska et al, 2015) àáî ôîñô³íîòðèöèí (Nitovska 
et al, 2019, 2020), ùî ïðèçâåëî äî â³äáîðó 
õèáíî òðàíñãåííèõ ðîñëèí. Òàê, íàïðèêëàä, 
ìè ñïîñòåð³ãàëè ðåãåíåðàö³þ ïàãîí³â ïðè 
êóëüòèâóâàíí³ âèõ³äíîãî íåòðàíñôîðìîâàíîãî 
ìàòåð³àëó äåÿêèõ ãåíîòèï³â íà ñåðåäîâèù³, ùî 
ì³ñòèëî 100 ìã/ë ïàðîìîì³öèíó, õî÷à ³ ç ìåí-
øîþ ÷àñòîòîþ, í³æ ó êîíòðîë³ íà ñåðåäîâèù³ 
áåç àíòèá³îòèêó. Íà ð³âí³ ðîñëèí-ðåãåíåðàí-
ò³â ä³ÿ ïàðîìîì³öèíó áóëà á³ëüø æîðñòêîþ 
ïîð³âíÿíî ç êàëþñàìè ÷åðåç áåçïîñåðåäí³é 
êîíòàêò ðîñëèííèõ òêàíèí ³ç ñåëåêòèâíèì 
ñåðåäîâèùåì. Àíàë³ç ÄÍÊ óêîð³íåíèõ ðåãå-
íåðàíò³â, ñò³éêèõ äî àíòèá³îòèêó, ìåòîäîì ÏËÐ 
âèÿâèâ íàÿâí³ñòü òðàíñãåí³â ó âñ³õ çðàçêàõ. 
Îòæå, çàñòîñîâàíà ñõåìà ñåëåêö³¿ ç âèêîðèñ-
òàííÿì ïàðîìîì³öèíó º åôåêòèâíîþ äëÿ îòðè-
ìàííÿ òðàíñãåííèõ ðîñëèí êóêóðóäçè. Ïàðîìî-
ì³öèí íå ïðèãí³÷óº çíà÷íî ðåãåíåðàö³éíèé 
ïîòåíö³àë ðîñëèííèõ êë³òèí òà äàº ìîæëèâ³ñòü 
íàä³éíî â³äáèðàòè òðàíñãåíí³ ðîñëèíè ï³ñëÿ 
óêîð³íåííÿ ðåãåíåðàíò³â íà ñåëåêòèâíîìó ñå-
ðåäîâèù³. Íàéá³ëüøèé â³äñîòîê ÷óòëèâèõ äî 
ïàðîìîì³öèíó ðåãåíåðàíò³â êóêóðóäçè áóâ îò-
ðèìàíèé ï³ñëÿ Agrobacterium-îïîñåðåäêîâàíî¿ 
òðàíñôîðìàö³¿ âåêòîðîì ðÂ³2Å. Ââàæàºìî, ùî 
öå ïîâ’ÿçàíî ç òèì, ùî âåêòîð ðÂ³2Å ºäèíèé 
³ç çàñòîñîâàíèõ âåêòîð³â íå ì³ñòèâ íóêëåîòèä-
íèõ ïîñë³äîâíîñòåé çëàêîâèõ äëÿ ïîñèëåííÿ 
åêñïðåñ³¿ ãåí³â. Òàê, íàïðèêëàä, ï³ñëÿ òðàíñ-
ôîðìàö³¿ âåêòîðîì ðÑÂ271, ÿêèé íà â³äì³íó 
â³ä ³íøèõ âåêòîð³â ì³ñòèâ ðåãóëÿòîðí³ ïîñë³-
äîâíîñò³ îäíîäîëüíèõ ïåðåä ñåëåêòèâíèì ìàð-
êåðíèì ãåíîì, çíà÷óùå çá³ëüøóâàëàñü ðåãåíå-
ðàö³ÿ ðîñëèí íà ñåëåêòèâíèõ ñåðåäîâèùàõ, ïî-
ð³âíÿíî ç âèêîðèñòàííÿì ³íøèõ âåêòîð³â.

Çà äîïîìîãîþ ÏËÐ âèÿâèëè òðàíñãåíè ó
43 êëîíàõ êóêóðóäçè, ùî â³äíîñèëèñÿ äî ÷î-
òèðüîõ ãåíîòèï³â (ÄÊ232, ÊÏ7×ÏÐÆ5, ÊÑ277×
×RS15, RS15×ÊÑ277), ÿê³ áóëè îòðèìàí³ ç
âèêîðèñòàííÿì óñ³õ íàÿâíèõ âåêòîðíèõ êîí-
ñòðóêö³é ó òðüîõ øòàìàõ A. tumefaciens. Çàãàëüí³ 
ïîêàçíèêè ×Ò áóëè çíà÷óùå êðàùèìè äëÿ 
òðüîõ ãåíîòèï³â (³íáðåäíà ë³í³ÿ ÄÊ232 òà 
ã³áðèäè ÊÏ7×ÏÐÆ5 ³ ÊÑ277×RS15). Òîìó, çà-
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çíà÷åí³ ãåíîòèïè º á³ëüø ïåðñïåêòèâíèìè 
äëÿ ïðîâåäåííÿ ïîäàëüøèõ äîñë³äæåíü ç îò-
ðèìàííÿ òðàíñãåííî¿ êóêóðóäçè. Ö³êàâî, ùî çà
ïîºäíàííÿ ãåíîòèï³â ÊÑ277 òà RS15 êðàù³ ðå-
çóëüòàòè ç òðàíñôîðìàö³¿ îòðèìàíî, ÿêùî ÿê
ìàòåðèíñüêó ôîðìó âèêîðèñòîâóâàòè ÊÑ277.

Ìè ñïîñòåð³ãàëè ñèëüíó êîðåëÿö³þ ì³æ ÷àñ-
òîòîþ òðàíñôîðìàö³¿ (×Ò) òà ÷àñòîòîþ ðåãå-
íåðàö³¿ ï³ñëÿ òðàíñôîðìàö³¿ (×ÐÏÒ). ×àñòîòà 
òðàíñôîðìàö³¿ (×Ò), òàê ñàìî ÿê ³ ×ÐÏÒ, ñèëü-
íî çàëåæàëà â³ä ³íäèâ³äóàëüíî¿ ðîñëèíè, ÿêà 
ñëóãóâàëà äîíîðîì åêñïëàíò³â. Íà öå ìîæóòü 
âïëèâàòè ô³ç³îëîã³÷íèé ñòàí äîíîðíèõ ðîñ-
ëèí íà ìîìåíò âèîêðåìëåííÿ çàðîäê³â ÷åðåç 
íåð³âíîì³ðíó ä³þ àá³îòè÷íèõ (îïàäè, ³íñîëÿ-
ö³ÿ, òåìïåðàòóðà) òà á³îòè÷íèõ ôàêòîð³â (³í-
ô³êóâàííÿ ïàòîãåíàìè), ê³ëüê³ñòü äí³â ï³ñëÿ 
çàïèëåííÿ (DAP) íà ìîìåíò ³çîëÿö³¿ çàðîäê³â
òà ÷àñ ¿õ ïðåêóëüòèâàö³¿ (DIC) (Ishida et al, 
2007). Ïîð³âíÿíî ³ç ïîïåðåäí³ìè äîñë³äæåí-
íÿìè îòðèìàí³ íàìè ïîêàçíèêè ç ÷àñòîòè 
òðàíñôîðìàö³¿ º âèñîêèìè (Omer et al, 2013; 
Yassitepe et al, 2021). Íàéá³ëüøèé çàãàëüíèé 
ïîêàçíèê ç ×Ò áóâ ï³ñëÿ òðàíñôîðìàö³¿ ç âè-
êîðèñòàííÿì âåêòîðó ðÑÂ271, éìîâ³ðíî, ÷å-
ðåç òå, ùî öåé âåêòîð íà â³äì³íó â³ä ³íøèõ 
âåêòîð³â ì³ñòèâ ïåðåä ñåëåêòèâíèì ìàðêåð-
íèì ãåíîì ðåãóëÿòîðí³ íóêëåîòèäí³ ïîñë³-
äîâíîñò³ çëàêîâèõ äëÿ ïîñèëåííÿ åêñïðåñ³¿, à 
ñàìå ³íòðîí êóêóðóäçÿíîãî ãåíà hsp70. Îòæå, 
äëÿ óñï³øíî¿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ êó-
êóðóäçè âàæëèâà íàÿâí³ñòü ðåãóëÿòîðíèõ íóê-
ëåîòèäíèõ ïîñë³äîâíîñòåé îäíîäîëüíèõ ïåðåä 
òðàíñãåíàìè.

Àíàë³ç ïîêîë³ííÿ Ò1 íà íàÿâí³ñòü ðåïîð-
òåðíèõ ãåí³â âèÿâèâ ðîçùåïëåííÿ, â³äïîâ³äíå 
ãåòåðîçèãîòíîìó ñòàíó, ùî âêàçóº íà îäíî-
ëîêóñíå âáóäîâóâàííÿ. Çðîçóì³ëî, ùî ó ãðó-
ïàõ ðîñëèí – Ò1(Ò0ðÑÂ202(ÄÊ232)×Ò0ðÑÂ271(ÊÏ7×
×ÏÐÆ5)) òà Ò1(Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0ðÂ³2Å(ÊÏ7×
×ÏÐÆ5)) ðåçóëüòàòè àíàë³çó çà ãåíîì GFP â³ä-
ïîâ³äàëè ðåçóëüòàòàì àíàë³çóþ÷îãî ñõðåùó-
âàííÿ, îñê³ëüêè ³íøà áàòüê³âñüêà ðîñëèíà Ò0, 
îòðèìàíà ç âèêîðèñòàííÿì ³íøèõ âåêòîð³â, íå
ì³ñòèëà öåé ãåí. Ó ãðóï³ ðîñëèí Ò1(Ò0ðÑÂ271(ÊÏ7×
×ÏÐÆ5)×Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)) îáèäâ³ áàòüê³â-
ñüê³ ôîðìè áóëè îòðèìàí³ ï³ñëÿ òðàíñôîðìà-
ö³¿ âåêòîðîì ðÑÂ271 òà ìàëè á ìàòè òðàíñ-
ãåí S65Tpgfp. Òîä³, ó âèïàäêó îäíîëîêóñíîãî 
âáóäîâóâàííÿ òðàíñãåíà â ãåíîì îáîõ ðîñ-

ëèí, ðîçùåïëåííÿ ó íàùàäê³â ìàëî á áóòè
3 : 1 (ìîíîã³áðèäíå ñõðåùóâàííÿ, çàêîí ðîç-
ùåïëåííÿ). Çà óìîâè âáóäîâóâàííÿ äâîõ ³ á³ëü-
øå êîï³é ãåíà, ðîçùåïëåííÿ çà äàíîþ îçíà-
êîþ ó íàùàäê³â ìàëî áè áóòè â³äñóòíº. Ïðîòå, 
â ö³é ãðóï³ ðîñëèí íàìè ñïîñòåð³ãàëîñÿ ³ñòîòíå 
ðîçùåïëåííÿ 1 : 1 çà ãåíîì S65Tpgfp ó íàùàäê³â 
òàê ñàìî, ÿê ³ â ³íøèõ ãðóïàõ. Çâ³äñè, â ãðóï³ 
ðîñëèí Ò1(Ò0ðÑÂ271(ÊÏ7×ÏÐÆ5)×Ò0ðÑÂ271(ÊÏ7×
×ÏÐÆ5)) ëèøå îäíà áàòüê³âñüêà ðîñëèíà áóëà 
òðàñãåííîþ, à ãåí S65Tpgfp ó ãåíîì³ ðîñëèí 
Ò1 áóâ ïðåäñòàâëåíèé ò³ëüêè îäí³ºþ êîï³ºþ. 
Â³äñóòí³ñòü òðàíñãåíà S65Tpgfp ó ÄÍÊ ðîñëèí 
ïîêîë³ííÿ Ò1 ñâ³ä÷èòü ïðî òå, ùî îáðàíà äëÿ 
ã³áðèäèçàö³¿ ðîñëèíà íå áóëà òðàíñãåííîþ, 
õî÷ ³ áóëà îòðèìàíà â ðåçóëüòàò³ ïðîöåäóðè 
ãåíåòè÷íî¿ òðàíñôîðìàö³¿.

Â³äñóòí³ñòü àìïë³êîíó ïîòð³áíîãî ðîçì³ðó 
ãåíà nptII ó äåÿêèõ çðàçêàõ ÄÍÊ òðàíñãåííî¿ 
êóêóðóäçè, â ÿêèõ áóâ âèÿâëåíèé ãåí S65Tpgfp, 
àáî ñëàáêà éîãî â³çóàë³çàö³ÿ ìîæå ñâ³ä÷èòè 
ïðî ìåòèëþâàííÿ òðàíñãåíà (Rajeevkumar et al, 
2015), ùî ìîãëî ïðèçâåñòè äî óñêëàäíåííÿ äî-
ñòóïó ïðàéìåð³â äî ä³ëÿíêè ÄÍÊ ç ãåíîì, àáî 
ïðî éîãî âòðàòó (âèïàä³ííÿ) â ðåçóëüòàò³ ìåéî-
òè÷íèõ ðåêîìá³íàö³é. Àíàë³çóþ÷è ïîêîë³ííÿ Ò0 
ìè ñïîñòåð³ãàëè âòðàòó àìïë³êîíó ïîòð³áíîãî 
ðîçì³ðó ó òåïëè÷íî¿ ðîñëèíè, õî÷à âèÿâëÿëè 
éîãî ó ðåãåíåðàíòà íà ñòàä³¿ ñåëåêö³¿ in vitro. 
Ìîæëèâî öå ïîâ’ÿçàíî ç òèì, ùî ãåí ìàº áàê-
òåð³àëüíå ïîõîäæåííÿ ³ éîãî íóêëåîòèäíà ïî-
ñë³äîâí³ñòü íå áóëà îïòèì³çîâàíà äëÿ åêñïðåñ³¿ 
ó ðîñëèíàõ. Ïîä³áíå ÿâèùå ìè òàêîæ ô³êñóâà-
ëè â ³íøîìó äîñë³äæåíí³ (Nitovska et al, 2020), 
äå ñïîñòåð³ãàëè âòðàòó áàêòåð³àëüíîãî ãåíà 
CP4epsps. Ç ³íøîãî áîêó, îòðèìàííÿ òðàíñ-
ãåííèõ ðîñëèí ç áàæàíèìè îçíàêàìè áåç ñå-
ëåêòèâíîãî ìàðêåðíîãî ãåíà êðàùå äëÿ ¿õ 
ïîäàëüøîãî âïðîâàäæåííÿ. 

Âèñíîâêè. Äîâåäåíî åôåêòèâí³ñòü ïðîòîêî-
ëó Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìà-
ö³¿ ç âèêîðèñòàííÿì ïàðîìîì³öèíó ÿê ñåëåê-
òèâíîãî àãåíòà äëÿ îòðèìàííÿ òðàíñãåííèõ 
ðîñëèí êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿. Íàÿâ-
í³ñòü ³íòðîíó ãåíà hsp70 êóêóðóäçè ïåðåä ñå-
ëåêòèâíèì ìàðêåðíèì ãåíîì nptII ó âåêòîð³ 
ðÑÂ271 ìàëà çíà÷óùèé âïëèâ íà ðåçóëüòàòè 
ç òðàíñôîðìàö³¿ òà âèæèâàíîñò³ ðåãåíåðàíò³â. 
Çà äîïîìîãîþ ÏËÐ-àíàë³çó ïîêàçàíî óñïàä-
êóâàííÿ òðàíñãåí³â ó íàñòóïíîìó ïîêîë³íí³. 
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Âèÿâëåíà åêñïðåñ³ÿ ðåïîðòåðíîãî ãåíà �-ãëþ-
êîðîí³äàçè ó ïîêîë³íí³ Ò1 òðàíñãåííî¿ êóêó-
ðóäçè. Çà ðåçóëüòàòàìè óñïàäêóâàííÿ ðåïîð-
òåðíèõ ãåí³â çåëåíîãî ôëóîðåñö³þþ÷îãî ïðî-
òå¿íó òà �-ãëþêîðîí³äàçè ñòàòèñòè÷íî äîâåäåíî 
âáóäîâóâàííÿ îäí³º¿ êîï³¿ òðàíñãåíà â ðîñëèí-
íèé ãåíîì. Â³ä³áðàíî òðè ãåíîòèïè êóêóðóäçè 
óêðà¿íñüêî¿ ñåëåêö³¿, â òîìó ÷èñë³ ³íáðåäíà 
ë³í³ÿ ÄÊ232, äëÿ âèêîðèñòàííÿ â ïîäàëüøèõ 
äîñë³äæåííÿõ ÿê íàéá³ëüø ñïðèéíÿòëèâ³ äî 
Agrobacterium-îïîñåðåäêîâàíî¿ ãåíåòè÷íî¿ òðàíñ-
ôîðìàö³¿. Îòðèìàí³ â ðåçóëüòàò³ äîñë³äæåííÿ 
çíàííÿ º êîðèñíèìè äëÿ ñòâîðåííÿ òðàíñãåííî¿ 
êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ ³ç áàæàíèìè 
îçíàêàìè.

Àâòîðè âèñëîâëþþòü âäÿ÷í³ñòü Î.Ì. Òèùåíêî 
çà äîçâ³ë âèêîðèñòàííÿ âåêòîðà pBi2E òà êå-
ð³âíèöòâó ²íñòèòóòó êë³òèííî¿ á³îëîã³¿ òà ãå-
íåòè÷íî¿ ³íæåíåð³¿ ÍÀÍ Óêðà¿íè ³ Äåðæàâíî¿ 
óñòàíîâè ²íñòèòóò çåðíîâèõ êóëüòóð ÍÀÀÍ 
Óêðà¿íè çà îðãàí³çàö³þ äîñë³äæåíü â ïîë³, òåïëèö³ 
òà ëàáîðàòîð³ÿõ.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü çà ó÷àñòþ ëþäåé ³ 
õðåáåòíèõ òâàðèí â ÿêîñò³ îá’ºêò³â äîñë³äæåííÿ. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â. 
Ô³íàíñóâàííÿ. Ðîáîòó âèêîíàíî çã³äíî Ïðîãðàìè 
íàóêîâèõ äîñë³äæåíü 23 «Á³îòåõíîëîã³ÿ ³ ãåíåòè-
êà â ðîñëèííèöòâ³» çà çàâäàííÿì Ô23.00.01.06Ô 
«Ðîçðîáèòè ôóíäàìåíòàëüí³ îñíîâè ìîëåêóëÿð-
íî-ãåíåòè÷íèõ ³ êë³òèííèõ á³îòåõíîëîã³é äëÿ ñå-
ëåêö³éíîãî ïîë³ïøåííÿ êóêóðóäçè, ¹ äåðæàâíî¿ 
ðåºñòðàö³¿ 0116U001246 (ÄÓ ²íñòèòóò çåðíîâèõ 
êóëüòóð ÍÀÀÍ Óêðà¿íè) òà â³äîì÷î¿ òåìàòèêè 
ÍÀÍ Óêðà¿íè 2023–2027 ðð. «Âèâ÷åííÿ îñîáëè-
âîñòåé æèòòºä³ÿëüíîñò³ á³îòåõíîëîã³÷íèõ ðîñ-
ëèí ï³ñëÿ ãåíîìíèõ ìîäèô³êàö³é» (íîìåð Äåðæ-
ðåºñòðàö³¿ 0123U100462) ²íñòèòóòó êë³òèííî¿ 
á³îëîã³¿ òà ãåíåòè÷íî¿ ³íæåíåð³¿ ÍÀÍ Óêðà¿íè.
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Since Ukraine is a powerful maize exporter in the world, 
screening genotypes susceptible to genetic transformation 
among cultivated on its territory and the development 
of an effective technology for the transformation of 
maize of Ukrainian breeding are relevant. Precultivated 
immature maize embryos of nine genotypes (inbred 
lines and hybrids) were subjected to Agrobacterium-
mediated transformation. Three strains of A. tumefaciens 
and three vector constructs, which contained the 
selective marker gene of neomycin phosphotransferase 
II, as well as the reporter genes of green fluorescent 
protein or �-glucuronidase, were used in the work. 
Transgenic plants were selected on nutrient media with 
paromomycin. For six genotypes, shoot regeneration was 
observed after transformation on selective media. The 
presence of transgenes in 43 clones obtained from four 
genotypes using all available vectors was revealed by the 
PCR method. The transformation frequency varied from 
0 to 27 % in individual experiments. A strong correlation 
was found between frequencies of the regeneration and 
the transformation, as well as a significant difference 
in the frequencies between genotypes and donor plants 
of the same genotype. The use of pCB271 vector, 
which contained monocot nucleotide sequences of gene 
expression regulation upstream the selective marker gene, 
namely the intron of the maize hsp70 gene, significantly 
increased the frequency of shoot regeneration after 
transformation. Analysis of T1 generation plants revealed 
single-locus integration of transgenes into the plant 
genome. The proposed protocol of genetic transformation 
using paromomycin as a selective agent is effective to 
obtain transgenic maize of Ukrainian breeding. Three 
genotypes (inbred line DK232 and hybrids KP7×PRZh5 
and KS277×RS15) were selected as the most susceptible 
among tested genotypes to Agrobacterium-mediated 
transformation and promising for further research on the 
production of transgenic maize plants.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Anami S, Njuguna E, Coussens G et al (2013) Higher 
plant transformation: principles and molecular tools. 
Int J Dev Biol 57:483–494. https://doi.org/10.1387/
ijdb.130232mv

Ewens WJ, Brumberg K (2023) Introductory statistics 
for data analysis. Springer Cham. 273. https://doi.
org/10.1007/978-3-031-28189-1

Fedorenko T, Markovskiy O, Vlasova O et al (2012) 



18

².Î. Í³òîâñüêà, Ò.Ì. Ñàòàðîâà, Î.ª. Àáðà³ìîâà òà ³í.

ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2025. Ò. 59. ¹ 2

Detection of resistant to glyphosate maize trans-
formation events GA21, MON88017 and NK603 
among Ukrainian market samples. In Vitro Cellular 
and Developmental Biology – Animal, Washington, 
USA, 2012, P-2057

Gerasymenko IM, Sheludko YV, Klebanovych AA et al
(2017) Comparison of effectiveness of 5�-regulatory 
sequences in transplastomic tobacco chloroplasts. 
Transgenic Res 26(1):65–75. https://doi.org/10.
1007/s11248-016-9980-2

Grimsley N, Hohn T, Davies JW et al (1987) Agro-
bacterium-mediated delivery of infectious maize 
streak virus into maize plants. Nature 325:177–179. 
https://doi.org/10.1038/325177a0

ISAAA. Global status of commercialized biotech/GM 
crops in 2019. Ithaca, NY: The International Service 
for the Acquisition of Agribiotech Applications. 
2020. [online], Available at: https://www.isaaa.org/
resources/publications/briefs/55/default.asp

Ishida Y, Saito H, Ohta S et al (1996) High efficiency 
transformation of maize (Zea mays L.) mediated by 
Agrobacterium tumefaciens. Nat Biotechnol 14(6):
745–750. https://doi.org/10.1038/nbt0696-745

Ishida Y, Hiei Y, Komari T (2007) Agrobacterium-me-
diated transformation of maize. Nature Protocols 2
(7):1614–1621. https://doi.org/10.1038/nprot.2007.241

Jefferson RA (1987) Assaying chimeric genes in plants: 
the GUS gene fusion system. Plant Mol Biol Rep 
5:387–405. https://doi.org/10.1007/BF02667740

Kausch AP, Nelson-Vasilchik K, Tilelli M et al (2021a). 
Maize tissue culture, transformation, and genome 
editing. Vitr Cell Dev Biol – Plant 2:1–9. https://
doi.org/10.1007/s11627-021-10196-y

Kausch AP, Wang K, Kaeppler HF et al (2021b). Maize 
transformation: history, progress, and perspectives. 
Mol Breed 41:38. https://doi.org/10.1007/s11032-
021-01225-0

Klein TM, Fromm M, Weissinger A et al (1988) 
Transfer of foreign genes into intact maize cells with 
high-velocity microprojectiles. Proc Natl Acad Sci 
USA 85(12):4305–4309. https://doi.org/10.1073/pnas.
85.12.4305

Koncz C, Schell J (1986) The promoter of TL-DNA gene 
5 controls the tissue-specific expression of chimaeric 
genes carried by a novel type of Agrobacterium binary 
vector. Molec Gen Genet 204:383–396. https://doi.
org/10.1007/BF00331014

Lowe K, Wu E, Wang N et al (2016). Morphogenic 
regulators Baby boom and Wuschel improve monocot 
transformation. Plant Cell 28:1998–2015. https://
doi.org/10.1105/tpc.16.00124

Lu A, Diehn S, Cigan M (2015) Maize protein ex-
pression. In: Azhakanandam K, Silverstone A, Da-
niell H et al (eds) Recent Advancements in Gene 

Expression and Enabling Technologies in Crop 
Plants. Springer, New York, NY. P. 3–40. https://
doi.org/10.1007/978-1-4939-2202-4_1

Masters A, Kang M, McCaw M et al (2020) Agro-
bacterium-mediated immature embryo transforma-
tion of recalcitrant maize inbred lines using mor-
phogenic genes. J Vis Exp 156:e60782. https://doi.
org/10.3791/60782

McDonald JH (2014) Handbook of Biological Statistics, 
(3rd ed.) Maryland, Baltimore: Sparky House Pub-
lishing. http://www.biostathandbook.com/

Morel G, Wetmore RH (1951) Fern callus tissue cul-
ture. Am J Bot 38(2):141–143. https://doi.org/10.
1002/j.1537-2197.1951.tb14804.x

Morgun BV, Satarova TM, Nitovska IO et al (2021) 
The method of obtaining of maize regenerants in 
vitro. Application No. u202007323 dated November 
16, 2020, for a patent of Ukraine for a utility model 
No. 148028; IPC (2006) A01H 4/00, A01H 1/02 
(2006.01). Published on 30.06.2021, Bull. No. 26/
2021 (In Ukrainian). https://sis.nipo.gov.ua/uk/
search/detail/1602283/

Murashige T, Skoog F (1962) A revised medium for rapid 
growth and bioassays with tobacco tissue culture. 
Physiol Plant 15:473–497. https://doi.org/10.1111/
j.1399-3054.1962.tb08052.x

Mykhalska SI, Adamenko NI, Morgun BV et al (2012)
Competence to Agrobacterium-mediated transforma-
tion of shoot nodal section segments of corn elite
inbread lines. Biotekhnolohiia 5(3):98–105. https://
www.biotechnology.kiev.ua/images/BTA/2012/
3_2012/mykhal3_2012.pdf (In Ukrainian)

Mykhalska SI, Sergeeva LE, Matveyeva AYu et al 
(2014). The elevation of free proline content in 
osmotolerant transgenic corn plants with dsRNA 
suppressor of proline dehydrogenase gene. Plant 
Physiol Genet 46(6):482–489. http://nbuv.gov.ua/
UJRN/FBKR_2014_45_6_5 (In Russian).

Nitovska IO, Avilov ID, Morgun BV (2015) The positive 
effect of antibiotic paromomycin compared with 
kanamycin for selection of transgenic plants with 
nptII gene on the example of Nicotiana tabacum. 
Factors in Experemental Evolution of Organisms 
17:270–273

Nitovska I, Vasylenko M, Morgun B (2018). Effect of 
monocot introns on transgene expression in genus 
Nicotiana plants. Biotechnogia Acta 11(4):73–83. 
https://doi.org/10.15407/biotech11.04.073

Ni tovska IO, Abraimova OYe, Duplij VP et al (2019) 
Application of beta-glucuronidase transient expression 
for selection of maize genotypes competent for 
genetic transformation. Cytol Genet 53(6):451–458. 
https://doi.org/10.3103/S0095452719060082

Nitovska IO, Morgun BV, Abraimova OYe et al 



19ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2025. Ò. 59. ¹ 2

Agrobacterium-îïîñåðåäêîâàíà òðàíñôîðìàö³ÿ êóêóðóäçè óêðà¿íñüêî¿ ñåëåêö³¿ 

(2020) Glyphosate selection of maize transformants 
containing cp4epsps gene. Factors in Experemental 
Evolution of Organisms 26:239–244. https://doi.
org/10.7124/FEEO.v26.1273

O’Kennedy MM, Stark HC, Dube N (2011) Biolistic-
mediated transformation protocols for maize and 
pearl millet using pre-cultured immature zygotic 
embryos and embryogenic tissue. Methods Mol Biol 
710:343–354. https://doi.org/10.1007/978-1-61737-
988-8_23

Omer RA, Matheka JM, Abdelbagi AM et al (2013). 
Transformation of tropical maize with the NPK1 
gene for drought tolerance. Int J Genet Eng 3:7–14. 
https://doi.org/10.5923/j.ijge.20130302.01

Rajeevkumar S, Anunanthini P, Sathishkumar R (2015) 
Epigenetic silencing in transgenic plants. Front Plant 
Sci 6:693. https://doi.org/10.3389/fpls.2015.00693

Sidorov V, Duncan D (2009) Agrobacterium-mediated 
maize transformation: immature embrious versus 
callus. In: Scott MP (eds) Transgenic Maize. Methods 
in Molecular Biology™ 526:47–58. Humana Press, 
Totowa, NJ. https://doi.org/10.1007/978-1-59745-
494-0_4

Tishchenko OM, Komisarenko AG, Mykhalska SI et al. 
Agrobacterium-mediated transformation of sunflower 

(Helianthus annuus L.) in vitro and in planta using 
LBA4404 strain harboring binary vector pBi2E with 
dsRNA-suppressor of proline dehydrogenase gene. 
Cytol. Genet. 48, 218–226 (2014). https://doi.
org/10.3103/S0095452714040094

USDA. Grain: world markets and trade. March 8, 
2024 (Internet). Available at: https://downloads.
usda.library.cornell.edu/usda-esmis/files/zs25x844t/
hh63vf62k/pc28c528c/grain.pdf

Varchenko OI, Kuchuk MV, Parii MF et al (2020) 
Comparison of gfp gene expression levels after 
Agrobacterium-mediated transient transformation 
of Nicotiana rustica L. by constructs with different 
promoter sequences. Cytol Genet 54(6):531–538. 
https://doi.org/10.3103/S0095452720060110

Yassitepe JECT, da Silva VCH, Hernandes-Lopes J et 
al (2021) Maize transformation: from plant material 
to the release of genetically modified and edited 
varieties. Front Plant Sci 12:766702. https://doi.
org/10.3389/fpls.2021.766702

Íàä³éøëà â ðåäàêö³þ 01.11. 2024
Ï³ñëÿ äîîïðàöþâàííÿ 13.11.2024 

Ïðèéíÿòà äî äðóêó 18.03.2025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /RUS <>
    /UKR <>
  >>
  /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


