
Ô²Ç²ÎËÎÃ²ß ÐÎÑËÈÍ ² ÃÅÍÅÒÈÊÀ. 2020. Ò. 52. ¹ 6

https://doi.org/10.15407/frg2020.06.528

ÓÄÊ: 581.143.6:58.085

ÂÏËÈÂ ÏIÊËÎÐÀÌÓ ÍÀ ÌÎÐÔÎÃÅÍÅÇ ÊÀËÞÑÍÈÕ ÊÓËÜÒÓÐ

ÑÅËÅÊÖIÉÍÎ-ÖIÍÍÈÕ ÃÅÍÎÒÈÏIÂ ÎÇÈÌÎ¯ ÏØÅÍÈÖI ÇÀ

AGROBACTERIUM-ÎÏÎÑÅÐÅÄÊÎÂÀÍÎ¯ ÒÐÀÍÑÔÎÐÌÀÖI¯

Î.Â. ÄÓÁÐÎÂÍÀ, Ë.Â. ÑËÈÂÊÀ

Iíñòèòóò ô³ç³îëîã³¿ ðîñëèí ³ ãåíåòèêè Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè

03022 Êè¿â, âóë. Âàñèëüê³âñüêà, 31/17

e-mail: dubrovny@ukr.net

Äîñë³äæåíî âïëèâ ñèíòåòè÷íîãî àóêñèíó — ï³êëîðàìó íà ÷àñòîòó óòâîðåííÿ

ìîðôîãåííîãî êàëþñó òà ðåãåíåðàö³þ ïàãîí³â ï³ñëÿ Agrobacterium-îïîñåðåä-

êîâàíî¿ òðàíñôîðìàö³¿ ñåëåêö³éíî-ö³ííèõ ãåíîòèï³â îçèìî¿ ïøåíèö³. Ïîêà-

çàíî, ùî çà íàÿâíîñò³ â ïîæèâíîìó ñåðåäîâèù³ ï³êëîðàìó óòâîðþâàâñÿ êà-

ëþñ á³ëüøî¿ ìàñè, çäàòíèé äî òðèâàë³øîãî êóëüòèâóâàííÿ â óìîâàõ in vitro

ïîð³âíÿíî ç êàëþñîì, óòâîðåíèì íà ñåðåäîâèù³ ç 2,4-Ä, ³ ïðè öüîìó çáåð³ãà-

þ÷è ðåãåíåðàö³éíó çäàòí³ñòü. Ó êàëþñ³â, îòðèìàíèõ íà ñåðåäîâèù³ ç 2,4-Ä,

áóëî á³ëüøå íåêðîç³â ³ òêàíèíè ïåðåõîäèëè äî ìîðôîãåííîãî ñòàíó íà 3—5

ä³á ï³çí³øå, í³æ êàëþñè, îòðèìàí³ íà ñåðåäîâèùàõ ³ç ï³êëîðàìîì. Ìàêñè-

ìàëüíà ê³ëüê³ñòü ìîðôîãåííîãî êàëþñó â óñ³õ äîñë³äæåíèõ ãåíîòèï³â óòâîðþ-

âàëàñü íà ñåðåäîâèù³ ç äîäàâàííÿì ï³êëîðàìó â êîíöåíòðàö³¿ 2 ìã/ë. Æèòòº-

çäàòí³ñòü ìîðôîãåííîãî êàëþñó, îòðèìàíîãî íà ñåðåäîâèù³ ç ï³êëîðàìîì,

ïåðåâèùóâàëà òðèâàë³ñòü êóëüòèâóâàííÿ êàëþñó, îòðèìàíîãî íà ñåðåäîâèù³

ç 2,4-Ä, â ñåðåäíüîìó íà 30 ä³á. Âñòàíîâëåíî, ùî çà íàÿâíîñò³ ï³êëîðàìó â

ñåðåäîâèùàõ äëÿ ðåãåíåðàö³¿ çðîñòàëà ÷àñòîòà óòâîðåííÿ ïàãîí³â çà ãåíåòè÷-

íî¿ òðàíñôîðìàö³¿ ïøåíèö³. Íà ñåðåäîâèù³ ç äîáàâëÿííÿì öüîãî àóêñèíó â

êîíöåíòðàö³¿ 2 ìã/ë îòðèìàíî íàéá³ëüøó ê³ëüê³ñòü ðåãåíåðàíò³â. Çà òàêî¿ êîí-

öåíòðàö³¿ ï³êëîðàìó äîñòîâ³ðíî çá³ëüøóâàëîñü ÷èñëî ðîñëèí ïîð³âíÿíî ³ç ñå-

ðåäîâèùåì, ùî ì³ñòèëî IÎÊ. Ðåãåíåðàö³éíèé ïîòåíö³àë êàëþñ³â, îòðèìàíèõ

íà ñåðåäîâèù³ ç 2,4-Ä, ï³ñëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ çáåð³ãàâñÿ ìàêñèìàëü-

íî ïðîòÿãîì 2 ïàñàæ³â, òîä³ ÿê ðîñëèíè-ðåãåíåðàíòè ç êàëþñó, ùî óòâîðþ-

âàâñÿ íà ñåðåäîâèù³ ç ï³êëîðàìîì, îòðèìóâàëè ïðîòÿãîì 3—4 ïàñàæ³â.

Êëþ÷îâ³ ñëîâà: Triticum aestivum, ï³êëîðàì, ìîðôîãåíåç, Agrobacterium-îïîñå-

ðåäêîâàíà òðàíñôîðìàö³ÿ.

Á³îòåõíîëîã³÷í³ ìåòîäè øèðîêî âèêîðèñòîâóþòü äëÿ âèð³øåííÿ ïðè-

êëàäíèõ çàâäàíü ñåëåêö³¿ ö³ííèõ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, çîê-

ðåìà ïøåíèö³ [1, 2]. Ñüîãîäí³ á³îòåõíîëîã³÷í³ ðîñëèíè ïøåíèö³,

ñò³éê³ äî ñòðåñîâèõ ÷èííèê³â äîâê³ëëÿ, îòðèìóþòü, â îñíîâíîìó, ìå-

òîäàìè ãåíåòè÷íî¿ ³íæåíåð³¿ [3, 4]. Íàéïîøèðåí³øîþ º ãåíåòè÷íà

òðàíñôîðìàö³ÿ ç âèêîðèñòàííÿì Agrobacterium tumefaciens äëÿ ïåðåíå-

ñåííÿ åêçîãåííèõ Ò-ÄÍÊ ó ðîñëèííó êë³òèíó, ïðè öüîìó á³ëüø³ñòü

ñó÷àñíèõ ìåòîäèê ç îòðèìàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ ðîñëèí ö³º¿
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êóëüòóðè ïåðåäáà÷àº åòàï êóëüòèâóâàííÿ òêàíèí in vitro, ùî ìàº ÷è-

ìàëî íåäîë³ê³â, îñíîâíèé ç ÿêèõ — çàëåæí³ñòü ÷àñòîòè ãåíåòè÷íî¿

òðàíñôîðìàö³¿ â³ä ìîðôîãåíåòè÷íîãî ïîòåíö³àëó êóëüòèâîâàíèõ òêà-

íèí. Çà Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ ïøåíèö³ íå-

îáõ³äíî ïðîâîäèòè êîêóëüòèâàö³þ êàëþñ³â ç àãðîáàêòåð³ºþ, ùî òàêîæ

íåãàòèâíî âïëèâàº íà ïîäàëüøó ðåãåíåðàö³þ ïàãîí³â. Êð³ì òîãî, äëÿ

åë³ì³íàö³¿ àãðîáàêòåð³¿ âèêîðèñòîâóþòü âèñîê³ äîçè àíòèá³îòèêà, ùî

òåæ íåãàòèâíî ä³º íà ìîðôîãåííèé ïîòåíö³àë êàëþñ³â, çìåíøóº éìî-

â³ðí³ñòü ðåãåíåðàö³¿ é â³äïîâ³äíî îòðèìàííÿ òðàíñãåííèõ ôîðì. Ó

çâ’ÿçêó ç öèì îäíèì ³ç çàâäàíü ïðè ïðîâåäåíí³ ðîá³ò ç ãåíåòè÷íî¿

òðàíñôîðìàö³¿ â êóëüòóð³ in vitro º ðîçðîáêà ìåòîä³â ï³äâèùåííÿ ÷à-

ñòîòè ðåãåíåðàö³¿ ÿê á³îòåõíîëîã³÷íîãî ³íñòðóìåíòó äëÿ ñòâîðåííÿ

íîâèõ ôîðì ïøåíèö³ [5, 6].

Ñë³ä çàçíà÷èòè, ùî çëàêè º ñêëàäíèì îá’ºêòîì ç ïîãëÿäó åêñïå-

ðèìåíòàëüíî¿ á³îòåõíîëîã³¿. Îäí³ºþ ç ïðè÷èí, ÿê³ çóìîâëþþòü ñêëàä-

í³ñòü îòðèìàííÿ êàëþñíî¿ òêàíèíè ó çëàê³â ïîð³âíÿíî ç äâîäîëüíè-

ìè º íåçäàòí³ñòü äî óòâîðåííÿ êàëþñó â ïðèðîäíèõ óìîâàõ. Äëÿ

³íäóêö³¿ êàëþñî- é ìîðôîãåíåçó íåîáõ³äíî ìîäèô³êóâàòè ïîæèâí³ ñå-

ðåäîâèùà, çì³íþâàòè ñï³ââ³äíîøåííÿ ìàêðî- ³ ì³êðîåëåìåíò³â, âèêî-

ðèñòîâóâàòè íîâ³ á³îëîã³÷íî àêòèâí³ ðå÷îâèíè. Â³äñóòí³ñòü åôåêòèâ-

íèõ ìåòîä³â ìàñîâî¿ ðåãåíåðàö³¿ ðîñëèí ³ç êë³òèííèõ ë³í³é — îäèí ç

îáìåæóâàëüíèõ ÷èííèê³â äëÿ øèðîêîãî âïðîâàäæåííÿ á³îòåõíîëîã³é

ó ãåíåòèêî-ñåëåêö³éíèé ïðîöåñ. Ïøåíèöÿ çàëèøàºòüñÿ ñêëàäíîþ

êóëüòóðîþ äëÿ ïðîâåäåííÿ á³îòåõíîëîã³÷íèõ ðîá³ò, îñê³ëüêè ïðîöåñè

êàëþñîãåíåçó òà óòâîðåííÿ ïàãîí³â â óìîâàõ in vitro âåëèêîþ ì³ðîþ

âèçíà÷àþòüñÿ ñêëàäîì æèâèëüíîãî ñåðåäîâèùà.

Äëÿ óñï³øíî¿ òðàíñôîðìàö³¿ ïøåíèö³ çà äîïîìîãîþ A. tumefa-

ciens ó êóëüòóð³ in vitro íåîáõ³äíà åôåêòèâíà ñèñòåìà êóëüòèâóâàííÿ,

ùî ´ðóíòóºòüñÿ íà âèêîðèñòàíí³ òàêèõ áàçîâèõ åëåìåíò³â, ÿê êîìïå-

òåíòíèé ãåíîòèï [7], òèï åêñïëàíòàòà [8—10], ñêëàä æèâèëüíèõ ñåðå-

äîâèù [11—15]. Ç ìåòîþ ñòèìóëþâàííÿ ïðîöåñ³â ìîðôîãåíåçó âèêî-

ðèñòîâóþòü ð³çí³ á³îëîã³÷í³ äîáàâêè äî ñåðåäîâèù êóëüòèâóâàííÿ —

ñèíòåòè÷í³ àíàëîãè ô³òîãîðìîí³â, àì³íîêèñëîòè, îñìîðåãóëÿòîðè òà

³íø³ ñïîëóêè [16, 17]. Â³äîìî, ùî äåÿê³ àíòèá³îòèêè ìîæóòü âèÿâëÿòè

ãîðìîíàëüíó àêòèâí³ñòü ³ áóòè âèêîðèñòàí³ íå ò³ëüêè äëÿ åë³ì³íàö³¿ àã-

ðîáàêòåð³àëüíîãî çàáðóäíåííÿ, à é äëÿ ï³äâèùåííÿ ð³âíÿ ðåãåíåðàö³¿

êàëþñ³â [18—21]. Íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü äîñë³äæåíü ô³ç³î-

ëîã³÷íî àêòèâíèõ ðå÷îâèí â óìîâàõ in vivo, ¿õ âïëèâ íà ðåãåíåðàö³þ

ðîñëèí in vitro çà ãåíåòè÷íî¿ òðàíñôîðìàö³¿ âèâ÷åíî íåäîñòàòíüî.

Äëÿ äåäèôåðåíö³àö³¿ êë³òèí çëàêîâèõ òà ³íäóêö³¿ êàëþñîãåíåçó

òðàäèö³éíî âèêîðèñòîâóþòü ñåðåäîâèùà ç äîáàâëÿííÿì 2,4-Ä. Îòðè-

ìàí³ êàëþñè õàðàêòåðèçóþòüñÿ ïîâ³ëüíèì ïåðåõîäîì äî ìîðôîãåííî-

ãî ñòàíó, à ïåð³îä ³íäóêö³¿ ðîñëèí-ðåãåíåðàíò³â íàñòàº ï³çí³øå. Çàñòî-

ñóâàííÿ 2,4-Ä çà Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ íå º

îïòèìàëüíèì, îñê³ëüêè ÷åðåç çàòðèìêó ìîðôîãåíåçó òà ðåãåíåðàö³¿ çà

òðèâàëîãî êóëüòèâóâàííÿ êàëþñè ìîæóòü ãèíóòè ðàí³øå, í³æ ç’ÿâëÿ-

þòüñÿ ðåãåíåðàíòè. Ìîæëèâèì âàð³àíòîì ï³äâèùåííÿ ðåãåíåðàö³éíî¿

çäàòíîñò³ êàëþñ³â ï³ñëÿ ïðîâåäåííÿ òðàíñôîðìàö³¿ º çàì³íà 2,4-Ä íà

³íø³ àóêñèíè ñèíòåòè÷íîãî ïîõîäæåííÿ [19, 22]. ª äàí³, ùî ö³ àóê-

ñèíè íå ò³ëüêè ñòèìóëþþòü êàëþñîãåíåç, à é ïðèøâèäøóþòü ïåðåõ³ä
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êàëþñ³â ó ìîðôîãåííèé ñòàí, ³ñòîòíî çá³ëüøóþòü ê³ëüê³ñòü ìåðèñòå-

ìàòè÷íèõ ä³ëÿíîê ç ÿêèõ ó ïîäàëüøîìó â³äáóâàºòüñÿ ñîìàòè÷íèé

åìáð³îãåíåç [23, 24]. Ó ðåçóëüòàò³ ðåãåíåðàö³éí³ ïðîöåñè â³äáóâàþòü-

ñÿ øâèäêî, à âèõ³ä ðåãåíåðàíò³â çá³ëüøóºòüñÿ.

Ï³êëîðàì (4-àì³íî-3,5,6-òðèõëîðï³êîë³íîâà êèñëîòà) — ñèíòå-

òè÷íèé àóêñèí, ÿêèé âõîäèòü ó ãðóïó ñèñòåìíèõ ãåðá³öèä³â ³ç òèïî-

âîþ ð³ñòðåãóëþâàëüíîþ ä³ºþ, ùî ñóïðîâîäæóºòüñÿ ïîñèëåíèì íàêî-

ïè÷åííÿì á³ëêà ³ íóêëå¿íîâèõ êèñëîò [22]. Ïîêàçàíî åôåêòèâí³ñòü

éîãî âèêîðèñòàííÿ ÿê îêðåìî, òàê ³ â ïîºäíàíí³ ç öèòîê³í³íàìè äëÿ

çá³ëüøåííÿ ÷àñòîòè êàëþñîãåíåçó, ðîñòó êàëþñó [25], ñîìàòè÷íîãî

åìáð³î¿äîãåíåçó [26], ðåãåíåðàö³¿ ðîñëèí ïøåíèö³ [25—27]. Çàñòîñó-

âàííÿ ï³êëîðàìó â óìîâàõ in vitro íà ïøåíèö³, çîêðåìà äëÿ îòðèìàí-

íÿ êàëþñó òà ï³äâèùåííÿ ðåãåíåðàö³éíî¿ çäàòíîñò³, ïîêàçàëî éîãî

âèùó ñòèìóëþâàëüíó àêòèâí³ñòü ïîð³âíÿíî ç 2,4-Ä é IÎÊ [27—30].

Êàëþñ, îòðèìàíèé çà äîïîìîãîþ ï³êëîðàìó, õàðàêòåðèçóâàâñÿ ë³ï-

øèì ìîðôîãåíåçîì, í³æ ó ðàç³ çàñòîñóâàííÿ 2,4-Ä, ìàâ íèæ÷èé ïðîÿâ

ô³òîòîêñè÷íîñò³ [27, 30]. Ïðè âèðîùóâàíí³ êàëþñó íà ñâ³òë³ ï³êëîðàì

íà â³äì³íó â³ä 2,4-Ä íå ïðèãí³÷óâàâ ñèíòåç õëîðîô³ëó, òîìó â³í ïðè-

äàòí³øèé äëÿ îòðèìàííÿ ìîðôîãåííèõ êàëþñíèõ êóëüòóð [31].

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ÷åííÿ âïëèâó ï³êëîðàìó íà

ìîðôîãåíåòè÷íèé ïîòåíö³àë êàëþñíèõ êóëüòóð ñåëåêö³éíî-ö³ííèõ

ãåíîòèï³â îçèìî¿ ïøåíèö³ çà Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñ-

ôîðìàö³¿.

Ìåòîäèêà

Â äîñë³äæåííÿõ âèêîðèñòàíî 4 íîâèõ ïåðñïåêòèâíèõ ãåíîòèïè îçèìî¿

ì’ÿêî¿ ïøåíèö³ (ÓÊ 065; ÓÊ 095; ÓÊ 209; ÓÊ 322). Äëÿ òðàíñôîðìàö³¿

áðàëè êàëþñè, ³íäóêîâàí³ ç àï³êàëüíèõ ìåðèñòåì òðèäîáîâèõ ñòåðèëüíèõ

ïðîðîñòê³â, ïîïåðåäíüî âèðîùåíèõ in vitro, ðîçì³ð ÿêèõ âàð³þâàâ ó ìå-

æàõ 1,5—2,0 ìì [27]. Äëÿ îòðèìàííÿ äîíîðíèõ ðîñëèí íàñ³ííÿ ñòåðèë³çó-

âàëè 3 %-ì ðîç÷èíîì NaOCl ïðîòÿãîì 15 õâ, 4 ðàçè â³äìèâàëè ñòåðèëü-

íîþ äèñòèëüîâàíîþ âîäîþ ³ ïðîðîùóâàëè íà ñâ³òë³ çà òåìïåðàòóðè 24 °Ñ

íà áåçãîðìîíàëüíîìó ñåðåäîâèù³ ÌÑ. Âïëèâ ñèíòåòè÷íîãî àóêñèíó íà

ïðîöåñè êàëþñîãåíåçó âèâ÷àëè íà ìîäèô³êîâàíîìó ñåðåäîâèù³ MÑ [28]

ç äîáàâëÿííÿì ï³êëîðàìó â êîíöåíòðàö³¿ 0,5; 1, 2 ³ 3 ìã/ë. Êîíòðîëåì

ñëóãóâàëî òå ñàìå ñåðåäîâèùå ç äîáàâëÿííÿì 2,4-Ä â êîíöåíòðàö³¿ 2 ìã/ë,

îñê³ëüêè öÿ êîíöåíòðàö³ÿ º îïòèìàëüíîþ äëÿ êàëþñîãåíåçó Triticum aes-

tivum L. [32]. Ó êîæíîìó âàð³àíò³ äîñë³äó âèêîðèñòîâóâàëè ïî 200 åêñ-

ïëàíòàò³â. Åêñïëàíòàòè âèñàäæóâàëè íà æèâèëüíå ñåðåäîâèùå é êóëüòè-

âóâàëè ïðè 27 °Ñ â òåìðÿâ³ ïðîòÿãîì ÷îòèðüîõ òèæí³â. Ñôîðìîâàí³

êàëþñè âèêîðèñòîâóâàëè äëÿ òðàíñôîðìàö³¿. Óìîâè òà ïðîöåäóðà Agro-

bacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ îïèñàíî â ïðàö³ [33]. Ï³ñëÿ

òðàíñôîðìàö³¿ êàëþñè ïåðåíîñèëè íà ñåðåäîâèùå äëÿ ðåãåíåðàö³¿, ÿêå

äîäàòêîâî ì³ñòèëî 10 ìã/ë AgNO
3
, 0,5 ìã/ë ÁÀÏ ³ ï³êëîðàì ó ð³çíèõ êîí-

öåíòðàö³ÿõ. Äàë³ ¿õ âèðîùóâàëè çà îñâ³òëåííÿ 3—4 êëê, â³äíîñíî¿ âîëî-

ãîñò³ ïîâ³òðÿ 70 % ³ 16-ãîäèííîãî ôîòîïåð³îäó.

×àñòîòó ³íäóêö³¿ êàëþñó, óòâîðåííÿ ìîðôîãåííîãî êàëþñó òà ðå-

ãåíåðàö³þ ðîñëèí (ó â³äñîòêàõ) âèçíà÷àëè çà ñï³ââ³äíîøåííÿì ÷èñëà

åêñïëàíòàò³â, ÿê³ óòâîðèëè êàëþñ àáî ðîñëèíè-ðåãåíåðàíòè, äî ¿õ çà-

ãàëüíîãî ÷èñëà. Êàíàì³öèíîñò³éêèìè ââàæàëè ðîñëèíè, ÿê³ çáåð³ãàëè
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çåëåíå çàáàðâëåííÿ íà ñåëåêòèâíîìó ñåðåäîâèù³. Äîñòîâ³ðí³ñòü ð³ç-

íèö³ ì³æ ïîêàçíèêàìè îö³íþâàëè çà êðèòåð³ºì Ñòüþäåíòà.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Òèï åêñïëàíòàòó º îäíèì ç îñíîâíèõ ÷èííèê³â äëÿ Agrobacterium-îïî-

ñåðåäêîâàíî¿ òðàíñôîðìàö³¿ ïøåíèö³, îñê³ëüêè óòâîðåííÿ ìîðôîãåí-

íîãî êàëþñó òà ³íäóêö³ÿ ïàãîí³â â³äáóâàþòüñÿ ç òêàíèí ³ç âèñîêîþ ðå-

ãåíåðàö³éíîþ çäàòí³ñòþ é àêòèâíèì ïîä³ëîì êë³òèí, ùî âåëèêîþ

ì³ðîþ âèçíà÷àº ñàìå òèï åêñïëàíòàòó. Ìîðôîãåíåòè÷íèé ïîòåíö³àë

ïåðâèííèõ åêñïëàíòàò³â çàëåæèòü â³ä òèïó òêàíèíè, ç ÿêî¿ ¿õ âèä³ëÿ-

þòü, òà ¿¿ ô³ç³îëîã³÷íîãî ñòàíó. Äëÿ ³í³ö³àö³¿ êàëþñ³â âèêîðèñòîâóþòü

ð³çí³ òèïè åêñïëàíòàò³â, ïðîòå ¿õ åôåêòèâí³ñòü çíà÷íî â³äð³çíÿºòüñÿ

[34—37].

Âèõ³äíèìè åêñïëàíòàòàìè ñëóãóâàëè àï³êàëüí³ ìåðèñòåìè ïàãîí³â

ÿê îäèí ³ç íàéïåðñïåêòèâí³øèõ òèï³â åêñïëàíòàò³â äëÿ çëàêîâèõ

êóëüòóð [38]. Ïåðåâàãîþ öüîãî òèïó åêñïëàíòàòó º ìîæëèâ³ñòü ïîäî-

ëàííÿ ãåíîòèïíèõ îñîáëèâîñòåé ôîðì, ùî õàðàêòåðèçóþòüñÿ íèçü-

êèì ðåãåíåðàö³éíèì ïîòåíö³àëîì, à òàêîæ ìîæëèâ³ñòü îòðèìàííÿ

çíà÷íî¿ ê³ëüêîñò³ âèõ³äíîãî ìàòåð³àëó çà êîðîòêèé ÷àñ. Ïðîòÿãîì îñ-

òàííüîãî äåñÿòèë³òòÿ â÷åí³ óñï³øíî ïðàöþþòü ç àïåêñàìè ïàãîí³â

ïðîðîñòê³â áàãàòüîõ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ³ç ìåòîþ ðîçðîá-

êè åôåêòèâíèõ ³ ìåíø çàëåæíèõ â³ä ãåíîòèïó ñèñòåì ðåãåíåðàö³¿ çåð-

íîâèõ. Êóëüòóðó àï³êàëüíèõ ìåðèñòåì øèðîêî âèêîðèñòîâóþòü ÿê

äæåðåëî êàëþñíî¿ òêàíèíè äëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ çëàêîâèõ

ðîñëèí, îñê³ëüêè ìåðèñòåìí³ ñåãìåíòè ïàãîí³â ì³ñòÿòü ïóë êë³òèí, ÿê³

àêòèâíî ä³ëÿòüñÿ, òà õàðàêòåðèçóþòüñÿ âèñîêîþ ÷àñòîòîþ ³íäóêö³¿ êà-

ëþñó — äî 90 % [38].

Äëÿ îòðèìàííÿ ðåãåíåðàíò³â ï³ñëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ êà-

ëþñ³â ïðèíöèïîâî âàæëèâèìè º óìîâè, â ÿêèõ óòâîðþâàëèñü òà ðîç-

âèâàëèñü êàëþñè. Âàæëèâèì º âèêîðèñòàííÿ àóêñèí³â, ÿê³ íå ò³ëüêè

ñïðèÿþòü ðîñòó êàëþñó, à é ï³äâèùóþòü ìîðôîãåííèé ïîòåíö³àë ³

ñòèìóëþþòü ðåãåíåðàö³þ. Ñë³ä çàçíà÷èòè, ùî 2,4-Ä ó âèñîêèõ êîí-

öåíòðàö³ÿõ çá³ëüøóº õðîìîñîìíó íåñòàá³ëüí³ñòü, ùî ïðèçâîäèòü äî

ñîìàêëîíàëüíèõ çì³í [39]. Ó çâ’ÿçêó ç öèì ³íø³ ñèëüí³ àóêñèíè, â òî-

ìó ÷èñë³ é ï³êëîðàì, çàñòîñîâóþòü ÿê éîãî àëüòåðíàòèâó.

Ìè âèâ÷àëè âïëèâ äâîõ ñèíòåòè÷íèõ àóêñèí³â — 2,4-Ä òà ï³êëî-

ðàìó íà ÷àñòîòó êàëþñîóòâîðåííÿ ó ñåëåêö³éíî-ö³ííèõ ãåíîòèï³â

ïøåíèö³ ì’ÿêî¿ îçèìî¿. Êàëþñîóòâîðåííÿ ó íàøèõ äîñë³äàõ ðîçïî÷è-

íàëîñü óæå íà òðåòþ äîáó. Ìîðôîëîã³÷íî êàëþñè, îòðèìàí³ íà ñåðå-

äîâèùàõ ç ð³çíèìè àóêñèíàìè, íå â³äð³çíÿëèñÿ, óòâîðþâàâñÿ ïðîçî-

ðèé ñâ³òëèé êàëþñ àìîðôíî¿ êîíñèñòåíö³¿. Êîíöåíòðàö³ÿ ï³êëîðàìó

0,5—1,0 ìã/ë ó ñåðåäîâèù³ âèÿâèëàñü íåäîñòàòíüîþ äëÿ óòâîðåííÿ

êàëþñó â á³ëüøîñò³ åêñïëàíòàò³â äîñë³äæåíèõ ãåíîòèï³â (òàáëèöÿ).

Êàëþñîãåíåç çà òàêî¿ êîíöåíòðàö³¿ õî÷ ³ â³äáóâàâñÿ, ïðîòå éîãî ÷àñ-

òîòà áóëà äîñòîâ³ðíî íèæ÷îþ, í³æ ó êîíòðîëüíîìó âàð³àíò³, êàëþñè

ðîñëè ïîâ³ëüíî. Êîíöåíòðàö³ÿ àóêñèíó 2 ìã/ë âèÿâèëàñü îïòèìàëüíîþ

äëÿ ð³çíèõ ãåíîòèï³â — äîñòîâ³ðíèõ â³äì³ííîñòåé çà ÷àñòîòîþ êàëþ-

ñîóòâîðåííÿ íà ñåðåäîâèùàõ ç 2,4-Ä òà ï³êëîðàìîì íå âèÿâëåíî. Ï³ä-

âèùåííÿ êîíöåíòðàö³¿ ï³êëîðàìó äî 3,0 ìã/ë ïðèçâîäèëî äî äîñòî-
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â³ðíîãî çìåíøåííÿ ÷àñòîòè óòâîðåííÿ êàëþñó òà çá³ëüøåííÿ ÷èñëà

íåêðîç³â.

Ï³ñëÿ òîãî ÿê êàëþñè íàáóâàëè íåîáõ³äíîãî ðîçì³ðó (ä³àìåòð

áëèçüêî 5 ìì) ïðîâîäèëè ãåíåòè÷íó òðàíñôîðìàö³þ é âèñàäæóâàëè

êàëþñè íà ðåãåíåðàö³éí³ ñåðåäîâèùà. Çã³äíî ç ðåçóëüòàòàìè ïîïå-

ðåäí³õ äîñë³äæåíü îñíîâíîþ ïðè÷èíîþ çàãèáåë³ ðîñëèííèõ êë³òèí â

óìîâàõ in vitro, îñîáëèâî çà êîêóëüòèâóâàííÿ ç Agrobacterium, ÿê ïðà-

âèëî º íåêðîç àáî àïîïòîç ÷åðåç íàäâèðîáëåííÿ ïåðîêñèäó âîäíþ,

ùî ð³çêî çìåíøóº ðåãåíåðàö³éíèé ïîòåíö³àë êàëþñíèõ êë³òèí. Äëÿ

ïðîòèä³¿ öüîìó ÿâèùó äî ñêëàäó ðåãåíåðàö³éíîãî ñåðåäîâèùà çàçâè-

÷àé ââîäÿòü àíòèîêñèäàíòè, çîêðåìà í³òðàò ñð³áëà, öèñòå¿í òà àñêîð-

á³íîâó êèñëîòó, ÷èì ìîæíà ³ñòîòíî ïîë³ïøèòè ðåãåíåðàö³þ. Ìè

äîñë³äèëè åôåêòèâí³ñòü ðåãåíåðàö³éíèõ ñåðåäîâèù — ÌÑ-51, ÿêå äîäàò-

êîâî ì³ñòèëî àñïàðàã³íîâó êèñëîòó (100 ìã/ë), í³òðàò ñð³áëà (10 ìã/ë),

ãëóòàì³í (10 ìã/ë), öèñòå¿í (20 ìã/ë), àñêîðá³íîâó êèñëîòó (100 ìã/ë),

IÎÊ (0,5 ìã/ë) òà ÁÀÏ (1 ìã/ë), à òàêîæ ñåðåäîâèùà ÌÑ-61, ÌÑ-62,

ÌÑ-63, ÌÑ-64, ÿê³ ì³ñòèëè òàê³ æ êîìïîíåíòè, àëå IÎÊ áóëà çàì³íå-

íà íà ï³êëîðàì ó êîíöåíòðàö³ÿõ â³äïîâ³äíî 0,5; 1; 2 ³ 3 ìã/ë.

Ï³ñëÿ ïåðåíåñåííÿ êàëþñ³â íà ðåãåíåðàö³éí³ ñåðåäîâèùà íà íèõ

óòâîðþâàëèñü ãëîáóëÿðí³ ä³ëÿíêè ÿñêðàâî-çåëåíîãî àáî ñâ³òëî-æîâòî-

ãî êîëüîðó. Òàê³ êàëþñè ââàæàëè ìîðôîãåííèìè. Ðåçóëüòàòè äîñë³ä-

æåíü ï³äòâåðäèëè, ùî ãîðìîíàëüíèé ñêëàä ñåðåäîâèùà ï³ä ÷àñ ³íäóê-

ö³¿ òà ðîñòó êàëþñ³â âïëèâàº íà ïîäàëüøèé ïåðåõ³ä äî ìîðôîãåííîãî

ñòàíó ï³ñëÿ òðàíñôîðìàö³¿. Ìàêñèìàëüíà ê³ëüê³ñòü ìîðôîãåííîãî êà-

ëþñó (äî 26 % â ÓÊ 209) ó âñ³õ äîñë³äæåíèõ ãåíîòèï³â óòâîðþâàëàñü íà

ñåðåäîâèù³ ç äîäàâàííÿì ï³êëîðàìó â êîíöåíòðàö³¿ 2 ìã/ë (ðèñ. 1).

Ó êàëþñ³â, îòðèìàíèõ íà ñåðåäîâèù³ ç 2,4-Ä, áóëî á³ëüøå íåê-

ðîç³â ³ ïåðåõ³ä òêàíèí äî ìîðôîãåííîãî ñòàíó â³äáóâàâñÿ íà 3—5 ä³á

ï³çí³øå ïîð³âíÿíî ç êàëþñàìè, îòðèìàíèìè íà ñåðåäîâèùàõ ³ç ï³êëî-

ðàìîì. Ó äîñë³äàõ ìè òàêîæ îö³íþâàëè âïëèâ ï³êëîðàìó òà 2,4-Ä íà

æèòòºçäàòí³ñòü êàëþñó ï³ñëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿. Çà íàøèìè

ñïîñòåðåæåííÿìè, æèòòºçäàòí³ñòü ìîðôîãåííîãî êàëþñó, îòðèìàíîãî

íà ñåðåäîâèù³ ç ï³êëîðàìîì, ïåðåâèùóâàëà òðèâàë³ñòü êóëüòèâóâàííÿ

êàëþñó, îòðèìàíîãî íà ñåðåäîâèù³ ç 2,4-Ä, â ñåðåäíüîìó íà 30 ä³á.
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”ïëèâ ÍÛçíèõ êîíöåíòÍàöÛé ïÛêëîÍàìó íà »àñòîòó êàëÓñîãåíåçó ç àïÛêàëüíèõ ìåÍèñòåì ïàãîíÛâ 
ÍÛçíèõ ãåíîòèïÛâ îçèìî  ï¥åíèöÛ  

Ãåíîòèï Àóêñèí 
×àñòîòà êàëþñîãåíåçó, %, çà êîíöåíòðàö³¿ àóêñèíó, ìã/ë 

0,5 1,0 2,0 3,0 

ÓÊ 065 2,4-Ä (êîíòðîëü) — — 94,0±1,7 — 

Ï³êëîðàì 15,5±2,4 40,5±3,5 91,0±2,0 70,0±3,2 

ÓÊ 095 2,4-Ä (êîíòðîëü) — — 93,0±1,8 — 

Ï³êëîðàì 20,0±2,8 44,0±3,5 93,0±1,8 77,0±3,0 

ÓÊ 209 2,4-Ä (êîíòðîëü) — — 98,0±1,0 — 

Ï³êëîðàì 29,5±3,0 50,0±3,5 96,0±1,7 75,0±3,1 

ÓÊ 322 2,4-Ä (êîíòðîëü) — — 97,0±1,2 — 

Ï³êëîðàì 24,0±3,0 47,5±3,5 98,0±1,0 73,0±3,1 



Îñê³ëüêè ³ñíóº ïðÿìà êîðåëÿö³éíà çàëåæí³ñòü ì³æ ÷èñëîì ìîð-

ôîãåííèõ êàëþñ³â ³ ðåãåíåðàíò³â íà ñåðåäîâèù³ ç äîáàâëÿííÿì ï³êëî-

ðàìó â êîíöåíòðàö³¿ 2 ìã/ë, âäàëîñÿ îòðèìàòè é íàéá³ëüøó ê³ëüê³ñòü

ðîñëèí. Âèÿâëåíî ³ñòîòíó ð³çíèöþ ì³æ ÷èñëîì îòðèìàíèõ ðåãåíå-

ðàíò³â íà ñåðåäîâèù³ ç IÎÊ òà ç ï³êëîðàìîì (ðèñ. 2).

Çà êîíöåíòðàö³¿ ï³êëîðàìó 2 ìã/ë ð³çíèöÿ áóëà äîñòîâ³ðíîþ òà

÷èñëî ðåãåíåðàíò³â çá³ëüøóâàëîñü â 1,5 ðàçà. Ï³äâèùåííÿ ðåãåíåðà-

ö³éíî¿ çäàòíîñò³ êàëþñó, îòðèìàíå â óìîâàõ åêñïåðèìåíòó, ìîæå áóòè

ïîâ’ÿçàíå ç ìåíø íåãàòèâíèì âïëèâîì ï³êëîðàìó íà ãåíåòè÷íèé àïà-

ðàò êàëþñíèõ êë³òèí. Ñåðåä äîñë³äæåíèõ çðàçê³â íàéá³ëüøîþ ÷àñòî-

òîþ ðåãåíåðàö³¿ õàðàêòåðèçóâàëèñÿ ãåíîòèïè ÓÊ 209 òà ÓÊ 322.

Ðåãåíåðàö³éíèé ïîòåíö³àë êàëþñ³â, îòðèìàíèõ íà ñåðåäîâèù³ ç

2,4-Ä, ï³ñëÿ ãåíåòè÷íî¿ òðàíñôîðìàö³¿ çáåð³ãàâñÿ ìàêñèìàëüíî ïðî-

òÿãîì 1—2 ïàñàæ³â, à ðîñëèíè-ðåãåíåðàíòè ç êàëþñó, ùî óòâîðèâñÿ íà

ñåðåäîâèù³ ç ï³êëîðàìîì, îòðèìóâàëè ïðîòÿãîì 3 ïàñàæ³â. Öå ìîæíà

ïîÿñíèòè ïîâ³ëüíèì ïåðåõîäîì ó ìîðôîãåííèé ñòàí òà ³íã³áóâàííÿì

ïîäàëüøî¿ ðåãåíåðàö³¿ ç êàëþñ³â, ³í³ö³éîâàíèõ íà ñåðåäîâèù³ ç 2 ìã/ë

2,4 Ä. Óíàñë³äîê íåãàòèâíî¿ ä³¿ àíòèá³îòèê³â òà ³íôåêö³¿ àãðîáàêòå-
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Ðèñ. 2. ×àñòîòà ðåãåíåðàö³¿ ïàãîí³â íà æèâèëüíèõ ñåðåäîâèùàõ ³ç ð³çíèìè êîíöåí-

òðàö³ÿìè ï³êëîðàìó

Ðèñ. 1. ×àñòîòà óòâîðåííÿ ìîðôîãåííîãî êàëþñó íà æèâèëüíèõ ñåðåäîâèùàõ ³ç ð³çíè-

ìè êîíöåíòðàö³ÿìè ï³êëîðàìó



ð³ºþ êàëþñè ãèíóòü ùå äî òîãî, ÿê ïî÷íóòüñÿ àêòèâí³ ìîðôîãåíí³

ïðîöåñè.

Íåîäíîðàçîâî ïîâ³äîìëÿëîñÿ, ùî â êóëüòóð³ òêàíèí çåðíîâèõ

ï³êëîðàì âèÿâëÿº á³ëüøó àóêñèíîâó àêòèâí³ñòü, í³æ 2,4-Ä [22, 25, 27].

Òàê, çã³äíî ç ë³òåðàòóðíèìè äàíèìè, âèêîðèñòàííÿ ï³êëîðàìó â êîí-

öåíòðàö³¿ 2 ìã/ë çíà÷íî ï³äâèùóº ÷àñòîòó ðåãåíåðàö³¿ ïàãîí³â [22, 25].

Àíàëîã³÷íèé ðåçóëüòàò îòðèìàëè é ³íø³ àâòîðè, ÿê³ âèêîðèñòîâóâàëè

ï³êëîðàì ó çíà÷íî ìåíø³é äîç³ — 0,16 ìã/ë [30]. Òàê³ ðîçá³æíîñò³

ìîæíà ïîÿñíèòè ð³çíèì åíäîãåííèì ð³âíåì àóêñèí³â ó äîñë³äæåíèõ

ãåíîòèï³â, òîáòî ð³çí³ ãåíîòèïè ïøåíèö³ ìîæóòü ïî-ð³çíîìó ðåàãóâà-

òè íà âì³ñò ³ êîíöåíòðàö³þ ö³º¿ ðå÷îâèíè. Ó çâ’ÿçêó ç öèì äëÿ îïòè-

ìàëüíîãî ðåçóëüòàòó äëÿ êîæíîãî êîíêðåòíîãî ñîðòó êîíöåíòðàö³þ

àóêñèíó ïîòð³áíî äîáèðàòè ³íäèâ³äóàëüíî.

Îòæå, çàñòîñóâàííÿ â ñåðåäîâèùàõ äëÿ êàëþñîãåíåçó é ðåãåíåðàö³¿

ñèíòåòè÷íîãî àóêñèíó ï³êëîðàìó ï³äâèùóº ðåãåíåðàö³éíó çäàòí³ñòü êà-

ëþñ³â çà Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿ ïøåíèö³. Íàÿâ-

í³ñòü ó æèâèëüíîìó ñåðåäîâèù³ ï³êëîðàìó ñïðèÿëà óòâîðåííþ êàëþ-

ñó á³ëüøî¿ ìàñè ³ çìåíøåííþ ÷èñëà íåêðîç³â. Êàëþñ, ùî óòâîðèâñÿ

íà ñåðåäîâèù³ ç ï³êëîðàìîì, çäàòíèé äî òðèâàë³øîãî êóëüòèâóâàííÿ

â óìîâàõ in vitro, ïðè öüîìó â³í çáåð³ãàº ðåãåíåðàö³éíó çäàòí³ñòü. Ó

êë³òèííèõ êóëüòóð, ÿê³ âèðîùóâàëè íà ñåðåäîâèù³ ç öèì àóêñèíîì,

âèÿâëåíî äîñòîâ³ðíå çá³ëüøåííÿ ÷àñòîòè ðåãåíåðàö³¿ ïàãîí³â. Âñòà-

íîâëåíî, ùî äëÿ êîæíîãî ãåíîòèïó êîíöåíòðàö³þ ï³êëîðàìó ñë³ä äî-

áèðàòè ³íäèâ³äóàëüíî.
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INFLUENCE OF PICLORAM ON THE MORPHOGENESIS OF CALLI 

CULTURES OF SELECTION-VALUE GENOTYPES OF WINTER WHEAT UNDER

AGROBACTERIUM-MEDIATED TRANSFORMATION

O.V. Dubrovna, L.V. Slivka

Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine

31/17 Vasylkivska St., Kyiv, 03022, Ukraine

e-mail: dubrovny@ukr.net

The influence of synthetic auxin — picloram on the frequency of morphogenic callus for-

mation and regeneration of shoots after Agrobacterium-mediated transformation of selection-

valuable genotypes of winter wheat was studied. It was shown that the presence of picloram

in the nutrient medium contributed to the formation of a callus of greater mass, which is

capable to longer cultivation in vitro compared to callus formed on a medium with 2,4-D,

while maintaining regenerative capacity. In calluses obtained on medium with 2,4-D, a rel-

atively higher number of necrosis was observed and the transition of tissues to the mor-
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phogenic state occurred 3—5 days later compared to calluses obtained on media with piclo-

ram. The formation of the maximum amount of morphogenic callus for all studied geno-

types was observed on medium with the addition of picloram at a concentration of 2 mg/l.

The viability of the morphogenic callus obtained on the medium with picloram exceeds the

duration of cultivation of the callus obtained on the medium with 2,4-D, on average by 30

days. It is established that the use of picloram in regeneration media allows to increase the

frequency of shoot formation during genetic transformation of wheat. On the medium with

the addition of this auxin at a concentration of 2 mg/l it was able to obtain the largest num-

ber of regenerants. At this concentration of picloram it revealed a significant increase in the

number of plants compared to the medium containing IOC. The regeneration potential of

callus obtained on medium with 2,4-D after genetic transformation was maintained for a

maximum of 2 passages, while regenerating plants from callus formed on medium with piclo-

ram were obtained for 3—4 passages.

Key words: Triticum aestivum, picloram, morphogenesis, Agrobacterium-mediated transfor-

mation.
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