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Âèâ÷åíî ãåíîòèïîâ³ îñîáëèâîñò³ ìîðôîãåíåçó ³ ðåãåíå-
ðàö³¿ in vitro ó ï’ÿòè ë³í³é êóêóðóäçè ñåëåêö³éíî ïåð-
ñïåêòèâíî¿ ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð ïîð³âíÿíî 
ç ïðåäñòàâíèêàìè ³íøèõ ãåòåðîçèñíèõ ãðóï – PLS61, 
A188 òà Chi31. Âñòàíîâëåíî, ùî ñï³ââ³äíîøåííÿ òàêèõ 
òèï³â ìîðôîãåíåçó, ÿê îðãàíîãåíåç òà åìáð³î¿äîãåíåç, 
â êàëóñí³é òêàíèí³ âèçíà÷àºòüñÿ ãåíîòèïîì åêñïëàí-
òó òà êîíöåíòðàö³ºþ ñàõàðîçè â ñåðåäîâèù³ äëÿ êà-
ëóñîãåíåçó. ×àñòîòà åìáð³î¿äîãåíåçó ÿê á³ëüø åôåê-
òèâíîãî ç òî÷êè çîðó ïîäàëüøî¿ ðåãåíåðàö³¿ òèïó 
ìîðôîãåíåçó äëÿ ë³í³é ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð 
â ñåðåäíüîìó ñêëàëà 40,0 ± 12,8 %, òîä³ ÿê äëÿ ³í-
øèõ ãåòåðîçèñíèõ ãðóï – ëèøå 14,0 ± 4,0 %. Ó ë³í³é 
ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð ñàõàðîçà â êîíöåíòðà-
ö³¿ 30 ã/ë ó ñåðåäîâèù³ äëÿ êàëóñîãåíåçó çàáåçïå÷óâàëà 
ó ïîäàëüøîìó ðåãåíåðàö³þ øëÿõîì åìáð³î¿äîãåíåçó íà 
ð³âí³ 26,5 ± 15,4 %, à â êîíöåíòðàö³¿ 60 ã/ë – 57,7 ±
± 19,8 %. Ó ë³í³é – ïðåäñòàâíèê³â ³íøèõ ãåòåðîçèñíèõ 
ãðóï âì³ñò ñàõàðîçè â ñåðåäîâèù³ äëÿ êàëóñîãåíåçó íå 
âïëèâàâ íà ïîäàëüøèé ðåãåíåðàö³éíèé ïðîÿâ, ð³âåíü 
åìáð³î¿äîãåíåçó íà ôîí³ 30 òà 60 ã/ë ñàõàðîçè ñêëàâ 
11,0 ± 7,0  òà 15,0 ± 4,8 % â³äïîâ³äíî.

Êëþ÷îâ³ ñëîâà: êóêóðóäçà, êóëüòóðà in vitro, ìîðôîãåíåç, 
îðãàíîãåíåç, åìáð³î¿äîãåíåç.

Âñòóï. Â á³îòåõíîëîã³÷íèõ äîñë³äæåííÿõ ç êë³-
òèííî¿ òà ãåíåòè÷íî¿ ³íæåíåð³¿ in vitro âàæëè-
âèì ê³íöåâèì ðåçóëüòàòîì º îòðèìàííÿ ôåð-
òèëüíèõ ðîñëèí-ðåãåíåðàíò³â, çäàòíèõ ðîñòè 
³ ðîçâèâàòèñÿ in vivo. Âèæèâàí³ñòü ðîñëèí-
ðåãåíåðàíò³â ï³ñëÿ ïåðåñàäæóâàííÿ ç óìîâ in 
vitro ó ´ðóíò çàëåæèòü â³ä òèïó ìîðôîãåíåçó, 
çà ÿêèì â³äáóâàºòüñÿ ¿õ ôîðìóâàííÿ â êóëüòóð³ 
êàëóñíî¿ òêàíèíè. Ìîðôîãåíåç ç ïîäàëüøîþ 
ðåãåíåðàö³ºþ ðîñëèí in vitro çà êëàñèô³êàö³ºþ 
Áàòèã³íî¿ òà ³í. [1] ìîæå çä³éñíþâàòèñÿ, ïî-
ïåðøå, øëÿõîì îðãàíîãåíåçó, òîáòî íåñïîëó-
÷åíîãî ðîçâèòêó ñòåáëîâî¿ ìåðèñòåìè (ãåìî-
ãåíåçó) òà êîðåíåâî¿ ñèñòåìè (ðèçîãåíåçó). Äðó-
ãèé øëÿõ – öå ñîìàòè÷íèé åìáð³îãåíåç àáî 
åìáð³î¿äîãåíåç, òîáòî ðîçâèòîê àñåêñóàëüíî¿ 
á³ïîëÿðíî¿ ñòðóêòóðè, ÿêà çà áóäîâîþ â³äïî-

â³äàº çèãîòè÷íîìó çàðîäêó ³ ìàº òî÷êè ðîñòó 
ñòåáëà ³ êîðåíÿ, à òàêîæ ñ³ì’ÿäîë³.  

Ïðè îòðèìàíí³ ñîìàêëîíàëüíèõ âàð³àíò³â òà
â ãåíåòè÷í³é òðàíñôîðìàö³¿ êóêóðóäçè ïð³î-
ðèòåòíèì òèïîì ìîðôîãåíåçó òà ö³ííèì ³í-
ñòðóìåíòîì äëÿ åôåêòèâíîãî ñòâîðåííÿ íîâèõ 
ãåíîòèï³â º ñîìàòè÷íèé åìáð³îãåíåç, îñê³ëüêè 
ñàìå â³í çäàòåí çàáåçïå÷èòè ðîçâèòîê ðîñëèí-
ðåãåíåðàíò³â îäíî÷àñíî ç ïàãîíîì òà êîðåíå-
âîþ ñèñòåìîþ [2]. 

Çàëåæí³ñòü ðåãåíåðàö³éíî¿ çäàòíîñò³ â³ä ãå-
íîòèïó îïèñàíà â áàãàòüîõ ðîáîòàõ [3, 4]. Íà-
òîì³ñòü â ðîáîò³ Akoyi et al. [5] äëÿ òðîï³÷íèõ 
³íáðåäíèõ ë³í³é êóêóðóäçè ïîêàçàíà íåçàëåæ-
í³ñòü â³ä ãåíîòèïó ïðè ôîðìóâàíí³ ñîìàòè÷íèõ 
çàðîäê³â íà ñåðåäîâèù³ MC ç äèêàìáîþ. Äëÿ 
àêòèâ³çàö³¿ ïðîöåñó åìáð³î¿äîãåíåçó ïîòðåáóþòü 
îïòèì³çàö³¿ óìîâè êóëüòèâóâàííÿ ÿê ïðè ³í³-
ö³àö³¿ êàëóñîãåíåçó, òàê ³ íà åòàï³ ðåãåíåðàö³¿ 
ðîñëèí. Îäíèì ç êîìïîíåíò³â æèâèëüíîãî ñå-
ðåäîâèùà äëÿ êàëóñîãåíåçó, ÿêèé çäàòåí âïëè-
âàòè íà êàëóñîãåííó çäàòí³ñòü òà ñîìàòè÷íèé 
åìáð³îãåíåç in vitro, º ñàõàðîçà. Íàéá³ëüø ÷àñòî 
âèêîðèñòîâóâàíèìè êîíöåíòðàö³ÿìè ñàõàðîçè 
äëÿ ³íäóêö³¿ êàëóñîãåíåçó ó êóêóðóäçè º 20 [6, 7],
30 [8, 9] òà 60 ã/ë [10]. Â³äîìî, ùî ñàõàðîçà ó
êîíöåíòðàö³¿ 60 ã/ë ó ñåðåäîâèù³ äëÿ êàëóñî-
ãåíåçó çàáåçïå÷óº âèùèé ð³âåíü ÷àñòîòè êàëóñî-
ãåíåçó, í³æ 30 ã/ë [10]. ²ñíóþòü ñïîñîáè êóëü-
òèâóâàííÿ êàëóñíî¿ òêàíèíè, êîëè ³íäóêö³þ êà-
ëóñîãåíåçó ïðîâîäÿòü ç âèêîðèñòàííÿì 30 ã/ë 
ñàõàðîçè ó ñåðåäîâèù³ äëÿ êàëóñîãåíåçó, à ïî-
ò³ì çá³ëüøóþòü âì³ñò ñàõàðîçè äî 60 ã/ë ó ñå-
ðåäîâèù³ äëÿ ñóáêóëüòèâóâàííÿ êàëóñ³â ç ìåòîþ
ïðîâîêóâàííÿ ñîìàòè÷íîãî åìáð³îãåíåçó [2, 5].

Ö³ â³äîìîñò³ ñâ³ä÷àòü ïðî àêòóàëüí³ñòü âñòà-
íîâëåííÿ âïëèâó ñàõàðîçè ó ïåâí³é êîíöåíòðà-
ö³¿ ÿê êîìïîíåíòà ñåðåäîâèùà äëÿ êàëóñîãåíå-
çó íà îòðèìàííÿ ïåâíîãî òèïó ìîðôîãåíåçó 
äëÿ ðåãåíåðàíò³â êîíêðåòíèõ ãðóï ïåðñïåêòèâ-
íèõ ãîñïîäàðñüêî ö³ííèõ ãåíîòèï³â êóêóðóäçè. 

Â ñó÷àñí³é ñåëåêö³¿ ïîøèðåíèìè ³ ïåðñ-
ïåêòèâíèìè ó ïðàêòè÷íîìó â³äíîøåíí³ º òàê³ 
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ãåòåðîçèñí³ ãðóïè, ÿê Ëàíêàñòåð, Àéîäåíò, Ðåéä, 
BSSS, Ì³íäçåíïóñòà [11], äëÿ ÿêèõ àêòóàëüíè-
ìè º ñïåö³àëüí³ äîñë³äæåííÿ ¿õí³õ á³îòåõíîëî-
ã³÷íèõ âëàñòèâîñòåé. Ñåðåä íèõ ãðóïà Ëàíêàñ-
òåð ÷åðåç ðàííüîñòèãë³ñòü, ïîñóõîñò³éê³ñòü òà 
âèñîêó ïðîäóêòèâí³ñòü º îäí³ºþ ç íàéïåðñïåê-
òèâí³øèõ äëÿ âèðîùóâàííÿ â Óêðà¿í³ [12].

Ìåòîþ íàøî¿ ðîáîòè áóëà ïîð³âíÿëüíà îö³í-
êà âïëèâó ãåíîòèïîâèõ îñîáëèâîñòåé ë³í³é êó-
êóðóäçè ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð òà ë³-
í³é – ïðåäñòàâíèê³â ³íøèõ ãåòåðîçèñíèõ ãðóï
íà ñï³ââ³äíîøåííÿ òèï³â ìîðôîãåíåçó òà ðåãå-
íåðàö³þ ðîñëèí â êóëüòóð³ êàëóñíî¿ òêàíèíè.

Ìàòåð³àëè ³ ìåòîäè. Ãåòåðîçèñíà ãðóïà Ëàí-
êàñòåð êóêóðóäçè (Zea mays L.) ïðåäñòàâëåíà â 
íàøîìó äîñë³äæåíí³ ë³í³ÿìè óêðà¿íñüêî¿ ñå-
ëåêö³¿ ÄÊ267, ÄÊ6080, ÄÊ420-1, ÄÊ298 òà
ÄÊ3070. Äëÿ ïîð³âíÿííÿ äîñë³äæóâàëè ìîäåëü-
í³ ë³í³¿ êóêóðóäçè çàðóá³æíî¿ ñåëåêö³¿ PLS61, 
A188 òà Chi31, ÿê³ ïðåäñòàâëÿþòü îäíîéìåí-
í³ ãåòåðîçèñí³ ãðóïè. Äëÿ ³íäóêö³¿ êàëóñîãåíåçó 
âèêîðèñòîâóâàëè 10–12-äîáîâ³ íåçð³ë³ çàðîäêè 
äîâæèíîþ 1–1,5 ìì (ðèñ. 1, à, á), ³çîëüîâàí³ 
ç 3–5 ïîëüîâèõ äîíîðíèõ ðîñëèí â³äïîâ³äíîãî 
ãåíîòèïó. Äëÿ ³íäóêö³¿ êàëóñîãåíåçó çàñòîñîâó-
âàëè ìîäèô³êîâàíå ñåðåäîâèùå N6 [13], ÿêå ì³ñ-
òèëî 30 àáî 60 ã/ë ñàõàðîçè. Îòðèìàíó 30-äîáîâó 
êàëóñíó òêàíèíó âèñàäæóâàëè íà ñåðåäîâè-
ùå äëÿ ðåãåíåðàö³¿ MÑ [14], ÿêå ì³ñòèëî 20 ã/ë 
ñàõàðîçè. Êóëüòèâóâàííÿ âåëè ïðè òåìïåðàòóð³ 
26 ºÑ, äëÿ çàðîäê³â ³ êàëóñ³â â òåìðÿâ³, äëÿ 
ðîñëèí-ðåãåíåðàíò³â – ïðè 16-ãîäèííîìó ôî-
òîïåð³îä³.

×àñòîòó îðãàíîãåíåçó òà ÷àñòîòó åìáð³î¿äî-
ãåíåçó âèçíà÷àëè ÿê ïðîöåíòíå â³äíîøåííÿ 

ê³ëüêîñò³ ðîñëèí-ðåãåíåðàíò³â, îòðèìàíèõ ç êà-
ëóñíî¿ òêàíèíè çà òèì ÷è ³íøèì òèïîì ìîð-
ôîãåíåçó, äî çàãàëüíî¿ ê³ëüêîñò³ îäåðæàíèõ 
ðîñëèí-ðåãåíåðàíò³â. ×àñòîòó ðåãåíåðàö³¿ âèç-
íà÷àëè ÿê ê³ëüê³ñòü îòðèìàíèõ ðîñëèí-ðåãåíå-
ðàíò³â íà 100 êóëüòèâîâàíèõ êàëóñ³â. Âèçíà÷åí-
íÿ ÷àñòîòè ïåâíîãî òèïó ìîðôîãåíåçó òà ÷àñòî-
òè ðåãåíåðàö³¿ ïðîâîäèëè â äèíàì³ö³ êîæí³ 
30 ä³á, â³ä òðàíñïëàíòàö³¿ êàëóñíî¿ òêàíèíè íà 
ñåðåäîâèùå äëÿ ðåãåíåðàö³¿ äî 180-¿ äîáè êóëü-
òèâóâàííÿ. Ñòàòèñòè÷íó îáðîáêó çä³éñíþâàëè 
çã³äíî ç ðåêîìåíäàö³ÿìè Welham et al. [15]. 
Ñòàòèñòè÷íî îáðîáëåí³ äàí³ â òàáëèöÿõ ïðåä-
ñòàâëåíî ó âèãëÿä³ x ± �, äå x – ñåðåäíº àðèô-
ìåòè÷íå çíà÷åííÿ ïîêàçíèêà, � – äîâ³ð÷èé ³í-
òåðâàë, ÿêèé º äîáóòêîì ïîõèáêè ñåðåäíüîãî 
àðèôìåòè÷íîãî òà êðèòåð³þ Ñò’þäåíòà çà ð³â-
íÿ çíà÷óùîñò³ 0,05. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ó 
âñ³õ äîñë³äæåíèõ ë³í³é ç ÷àñòîòîþ 98–99 % â 
ñåðåäîâèù³ äëÿ ³íäóêö³¿ êàëóñîãåíåçó íà ùèòêàõ 
íåçð³ëèõ çàðîäê³â áóëà îäåðæàíà ìîðôîãåííà 
êàëóñíà òêàíèíà òèïó I (çà êëàñèô³êàö³ºþ, íà-
âåäåíîþ â [16]), ÿêà êóëüòèâóâàëàñÿ 30 ä³á 
(ðèñ. 1, â). Ìîðôîãåíåç òà ðåãåíåðàö³ÿ ðîñëèí 
â îòðèìàí³é êàëóñí³é òêàíèí³ â³äáóâàëèñÿ ÿê
øëÿõîì îðãàíîãåíåçó ç óòâîðåííÿì ëèñòêîïî-
ä³áíèõ ñòðóêòóð àáî ðîñëèíîê ó âèãëÿä³ ëèøå 
ïàãîí³â (ãåìîãåíåç) òà íåñïîëó÷åíèõ ç íèìè 
êîðåí³â (ðèçîãåíåç) (ðèñ. 2, à–â), òàê ³ øëÿõîì 
ðîçâèòêó åìáð³î¿ä³â ç³ ñïîëó÷åíèì çàêëàäàííÿì 
ïàãîíà òà êîð³íöÿ (ðèñ. 3).

Â ãðóï³ Ëàíêàñòåð ìîðôîãåíåç òà ðåãåíåðà-
ö³ÿ â êàëóñí³é òêàíèí³ ïî÷èíàëèñÿ âæå â ïåðø³ 
30 ä³á êóëüòèâóâàííÿ íà ðåãåíåðàö³éíîìó ñå-

Ðèñ. 1. Îòðèìàííÿ êàëóñíî¿ òêàíèíè êóêóðóäçè ³ç íåçð³ëèõ çàðîäê³â in vitro: à – íåçð³ëèé çàðîäîê  ïåðåä 
åêñïëàíòàö³ºþ; á – íåçð³ë³ çàðîäêè, åêñïëàíòîâàí³ íà æèâèëüíå ñåðåäîâèùå äëÿ ³íäóêö³¿ êàëóñîãåíåçó; â – 
30-äîáîâà ìîðôîãåííà êàëóñíà òêàíèíà, òðàíñïëàíòîâàíà íà ñåðåäîâèùå äëÿ ðåãåíåðàö³¿
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ðåäîâèù³, à ìàêñèìàëüíà ê³ëüê³ñòü ðåãåíåðàí-
ò³â óòâîðþâàëàñÿ ïåðåâàæíî ç 31-¿ ïî 60-òó äîáó 
(òàáë. 1).

Ë³í³ÿ ÄÊ6080 âèÿâèëà çäàòí³ñòü äî ðåãåíå-
ðàö³¿ ëèøå øëÿõîì åìáð³î¿äîãåíåçó. Ó ³íøèõ
ë³í³é ìîðôîãåíåç â³äáóâàâñÿ ÿê øëÿõîì îðãà-
íîãåíåçó, òàê ³ åìáð³î¿äîãåíåçó. Ó ë³í³é ÄÊ267 
òà ÄÊ298 ïåðåâàæàâ îðãàíîãåíåç (65,0 òà 72,7 % 
â³äïîâ³äíî), à ó ë³í³¿ ÄÊ420-1 – åìáð³î¿äîãåíåç 
(66,7 %). Ó ë³í³¿ ÄÊ3070 çà ïåð³îä êóëüòèâóâàí-
íÿ íà ñåðåäîâèù³ äëÿ ðåãåíåðàö³¿ óòâîðèëèñÿ 
ëèøå äâ³ ðîñëèíè, ïðè÷îìó îäíà – ÷åðåç îð-
ãàíîãåíåç, à ³íøà – ÷åðåç åìáð³î¿äîãåíåç. ×àñ-
òîòè îðãàíîãåíåçó òà åìáð³î¿äîãåíåçó â ö³ëîìó 
ïî ãðóï³ Ëàíêàñòåð ñêëàëè 60,0 ± 12,8 ³ 
40,0 ± 12,8 %, òîáòî áóëè íà 20 % çðóøåí³ ó 
á³ê îðãàíîãåíåçó. Àëå åìáð³î¿äîãåíåç â 40 % 
âèïàäê³â áóâ òèì øëÿõîì ìîðôîãåíåçó, ÿêèé 
çàáåçïå÷óâàâ ðîçâèòîê ïîâíîö³ííèõ ðîñëè-
íîê. Íàéá³ëüøà ÷àñòîòà ðåãåíåðàö³¿ çà 180 ä³á 
êóëüòèâóâàííÿ ñåðåä ë³í³é ö³º¿ ãðóïè áóëà ó ë³-
í³¿ ÄÊ267 (51,3 øò./100 êàëóñ³â), à íàéìåíøà – 
ó ë³í³¿ ÄÊ3070 (3,4 øò./100 êàëóñ³â). Ë³í³¿ 

ÄÊ6080, ÄÊ298 òà ÄÊ420-1 ìàëè ïðîì³æí³ 
çíà÷åííÿ öüîãî ïîêàçíèêà (22,2; 15,9 òà 20,4 
øò./100 êàëóñ³â â³äïîâ³äíî). Ñåðåäíÿ ÷àñòîòà 
ðåãåíåðàö³¿ ó ë³í³é ãðóïè Ëàíêàñòåð çà 180 ä³á 
ñêëàëà 24,8 ± 5,6 øò./100 êàëóñ³â.

Ó ë³í³é – ïðåäñòàâíèê³â ³íøèõ ãåòåðîçèñ-
íèõ ãðóï óòâîðåííÿ ðîñëèí-ðåãåíåðàíò³â ïî÷è-
íàëîñÿ ï³ñëÿ 30 ä³á êóëüòèâóâàííÿ êàëóñíî¿ òêà-
íèíè íà ðåãåíåðàö³éíîìó ñåðåäîâèù³ (òàáë. 2), 
òîáòî ï³çí³øå, í³æ ó ëàíêàñòåð³âñüêèõ ë³í³é.
Ìàñîâà ðåãåíåðàö³ÿ ðîñëèí ïðîõîäèëà äîâøå, 
ç 31-¿ ïî 120-òó äîáó, à ó PLS61 íàâ³òü ç 31-¿ ïî 
180-òó äîáó. 

Çà òèïàìè ìîðôîãåíåçó ó ïðåäñòàâíèê³â ãðóï 
PLS61, A188 òà Chi31 ñïîñòåð³ãàëîñÿ çíà÷íå 
ïåðåâàæàííÿ îðãàíîãåíåçó íàä åìáð³î¿äîãåíå-
çîì (86,0 òà 14,0 % â³äïîâ³äíî). Íàéâèùèé ð³-
âåíü åìáð³î¿äîãåíåçó ñïîñòåð³ãàâñÿ ó ë³í³¿ À188
(20,0 %), íàéíèæ÷èé – ó PLS61 (12,0 %). Ð³-
âåíü ÷àñòîòè ðåãåíåðàö³¿ çà âåñü 180-äîáîâèé
ïåð³îä äîñë³äæåííÿ áóâ íàéâèùèì ó PLS61 
(234,1 øò./100 êàëóñ³â), äëÿ ë³í³é À188 òà Chi31
öåé ïîêàçíèê ñêëàâ 76,9 òà 143,6 øò./100 

Ðèñ. 2. Ðåãåíåðàö³ÿ ðîñëèí øëÿõîì îðãàíîãåíåçó ó êóêóðóäçè: à, á – óòâîðåííÿ íà êàëóñí³é òêàíèí³ 
ëèñòêîïîä³áíèõ ñòðóêòóð (÷îðí³ ñòð³ëêè), êîðåí³ (á³ë³ ñòð³ëêè) ðîçâèâàþòüñÿ íåñïîëó÷åíî ç íèìè; â, ã – 
óòâîðåííÿ ðîñëèíîê ó âèãëÿä³ ïàãîí³â (òðèêóòíèêè), êîð³íö³ â³äñóòí³

Ðèñ. 3. Ðåãåíåðàö³ÿ ðîñëèí øëÿõîì åìáð³î¿äîãåíåçó ó êóêóðóäçè: à – ðîçâèòîê åìáð³î¿ä³â íà ñåðåäîâèù³ äëÿ 
êàëóñîãåíåçó; á – ïîäàëüøèé ðîçâèòîê åìáð³î¿ä³â íà ñåðåäîâèù³ äëÿ ðåãåíåðàö³¿; â – ðåãåíåðàö³ÿ ðîñëèí 
øëÿõîì åìáð³î¿äîãåíåçó: ó ïðîðîñòêà ïàã³í (ñòð³ëêà) ³ êîð³íåöü (òðèêóòíèê) ðîçâèâàþòüñÿ ñïîëó÷åíî
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êàëóñ³â. Ñåðåäíÿ ÷àñòîòà ðåãåíåðàö³¿ çà 180 ä³á
êóëüòèâóâàííÿ äëÿ ïðåäñòàâíèê³â íåëàíêàñòåð³â-
ñüêèõ ãåòåðîçèñíèõ ãðóï ñÿãíóëà ð³âíÿ 154,8 ±
± 13,1 øò./100 êàëóñ³â â³äïîâ³äíî.

Ïîð³âíÿííÿ äàíèõ òàáë. 1 òà 2 âêàçóº íà 
á³ëüøó ñõèëüí³ñòü ë³í³é ãðóïè Ëàíêàñòåð äî
åìáð³î¿äîãåíåçó, í³æ ³íøèõ äîñë³äæåíèõ ãåòå-
ðîçèñíèõ ãðóï (40,0 ± 12,8 % ïðîòè 14,0 ± 
± 4,0 %). Çàãàëüíèé ð³âåíü ÷àñòîòè ðåãåíåðàö³¿ 
çà âåñü ïåð³îä êóëüòèâóâàííÿ íà ñåðåäîâèùàõ 
äëÿ ðåãåíåðàö³¿ ó ë³í³é êóêóðóäçè ãåòåðîçèñíî¿ 
ãðóïè Ëàíêàñòåð ñêëàâ 24,8 ± 5,6 øò./100 êàëó-

ñ³â. Ó ë³í³é ïðîàíàë³çîâàíèõ íåëàíêàñòåð³âñü-
êèõ ãåòåðîçèñíèõ ãðóï, ùî ðåêîìåíäîâàí³ ÿê
ìîäåëüí³ â êë³òèíí³é ³íæåíåð³¿ êóêóðóäçè ÷å-
ðåç âèñîêó çäàòí³ñòü äî ðåãåíåðàö³¿ [16, 17], 
÷àñòîòà ðåãåíåðàö³¿ áóëà ìàéæå ó ø³ñòü ðàç³â 
âèùà – 154,8 ± 13,1 øò./100 êàëóñ³â. Çíèæåíó 
çäàòí³ñòü äî óòâîðåííÿ ðîñëèíîê-ðåãåíåðàíò³â 
êàëóñíîþ òêàíèíîþ ë³í³é ãðóïè Ëàíêàñòåð 
ìîæíà ïîÿñíèòè òèì, ùî öå ë³í³¿ êîìåðö³éíèõ 
ãåòåðîçèñíèõ ãðóï, ÿê³ íå ïðîõîäèëè ñïåö³àëü-
íèé â³äá³ð íà ï³äâèùåíó ðåãåíåðàö³éíó çäàò-
í³ñòü, ÿê ìîäåëüí³ ë³í³¿ ³íøèõ ãåòåðîçèñíèõ 

Òàáëèöÿ 1. Ñï³ââ³äíîøåííÿ òèï³â ìîðôîãåíåçó in vitro ó ë³í³é êóêóðóäçè ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð

Ë³í³ÿ
Ê³ëüê³ñòü êàëóñ³â, âè-

ñàäæåíèõ íà ñåðåäîâèùå 
äëÿ ðåãåíåðàö³¿, øò.

Ïåð³îä 
êóëüòèâóâàííÿ êàëóñ³â, 

ä³á

Ê³ëüê³ñòü îòðèìàíèõ 
ðîñëèí-ðåãåíåðàíò³â, 

øò.

Òèï ìîðôîãåíåçó, %

îðãàíîãåíåç
åìáð³î¿äî-

ãåíåç

ÄÊ267

ÄÊ6080

ÄÊ420-1

ÄÊ298

ÄÊ3070

Âñüîãî

78

18

33

54

59

242

1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–180
Âñüîãî çà 180 ä³á

6
34
0
0
40
1
3
0
0
4
0
2
1
0
3
0
10
1
0
11
1
1
0
0
2
8
50
2
0
60

50,0
67,7
0
0

65,0
0
0
0
0
0
0

50,0
0
0

33,3
0
8
0
0

72,7
0

100,0
0
0

50,0
37,5 ± 36,6
66,0 ± 13,5

0
0

60,0 ± 12,8

50,0
32,4
0
0

35,0
100,0
100,0

0
0

100,0
0

50,0
100,0

0
66,7
0
2

100,0
0

27,3
100,0

0
0
0

50,0
62,5 ± 36,6
34,0 ± 13,5

100,0
0

40,0 ± 12,8
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Ìîðôîãåíåç in vitro ó ë³í³é êóêóðóäçè ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð 

ãðóï. Ðåãåíåðàö³ÿ ðîñëèí â êóëüòóð³ êàëóñíèõ 
òêàíèí ó ë³í³é ãðóïè Ëàíêàñòåð ïî÷èíàëàñÿ 
ðàí³øå ³ òðèâàëà ìåíøå, í³æ ó ìîäåëüíèõ ë³í³é. 
Ìîæíà ïðèïóñòèòè, ùî â êóëüòóð³ in vitro ìàº 
ì³ñöå ïðîÿâ ñõèëüíîñò³ ãåíîòèï³â Ëàíêàñòåð äî 
ïðèøâèäøåíîãî ïðîõîäæåííÿ ïðîöåñ³â ðîñòó ³ 
ðîçâèòêó, ùî â óìîâàõ ïîëüîâîãî âèðîùóâàííÿ 
ðîñëèí çàáåçïå÷óº ¿õ ðàííüîñòèãë³ñòü. Ðàçîì ç 
òèì çìåíøåíà ³íòåíñèâí³ñòü ðåãåíåðàö³¿ ó ë³í³é 
ãðóïè Ëàíêàñòåð çàáåçïå÷óâàëà á³ëüøó ÷àñòîòó 
ïîâíîö³ííèõ, îòðèìàíèõ ÷åðåç åìáð³î¿äîãåíåç 
ðîñëèíîê (40,0 ± 12,8 %), òîä³ ÿê âèñîê³ ïî-
êàçíèêè ðåãåíåðàö³¿ ó íåëàíêàñòåð³âñüêèõ ë³-
í³é ëèøå íà 14,0 ± 4,0 % áóëè ïîâ’ÿçàí³ ç 
åìáð³î¿äîãåíåçîì. 

Òàêèì ÷èíîì, ìîðôîãåíåç ë³í³é êóêóðóäçè 
ãðóïè Ëàíêàñòåð òà ³íøèõ ãåòåðîçèñíèõ ãðóï ìàº 

ïåâí³ â³äì³ííîñò³. Ó ë³í³é Ëàíêàñòåð ðåãåíåðà-
ö³ÿ ðîñëèí øëÿõîì îðãàíîãåíåçó òà åìáð³î¿äî-
ãåíåçó â³äáóâàºòüñÿ ïðèáëèçíî ç îäíàêîâîþ 
÷àñòîòîþ ç ëèøå íåçíà÷íîþ òåíäåíö³ºþ äî 
îðãàíîãåíåçó, à ó ìîäåëüíèõ ë³í³é ³íøèõ ãå-
òåðîçèñíèõ ãðóï ñóòòºâî ïåðåâàæàº îðãàíîãå-
íåç. ×àñòîòà åìáð³îãåíåçó ÿê á³ëüø åôåêòèâ-
íîãî ç òî÷êè çîðó ïîäàëüøî¿ ðåãåíåðàö³¿ òèïó 
ìîðôîãåíåçó äëÿ ë³í³é ãåòåðîçèñíî¿ ãðóïè Ëàí-
êàñòåð â ñåðåäíüîìó ñêëàëà 40,0 ± 12,8 %, 
òîä³ ÿê äëÿ ³íøèõ ãåòåðîçèñíèõ ãðóï – ëèøå 
14,0 ± 4,0 %.

Ðåçóëüòàòè âèâ÷åííÿ âïëèâó ñàõàðîçè â ñå-
ðåäîâèù³ äëÿ êàëóñîãåíåçó íà ìîðôîãåííèé òà 
ðåãåíåðàö³éíèé ïîòåíö³àë êàëóñíî¿ òêàíèíè 
ð³çíèõ ãåòåðîçèñíèõ ãðóï êóêóðóäçè ïðåäñòàâ-
ëåí³ â òàáë. 3. 

Òàáëèöÿ 2. Ñï³ââ³äíîøåííÿ òèï³â ìîðôîãåíåçó in vitro ó ë³í³é êóêóðóäçè ãåòåðîçèñíèõ ãðóï 
PLS61, A188 òà Chi31

Ë³í³ÿ
Ê³ëüê³ñòü êàëóñ³â, âèñà-
äæåíèõ íà ñåðåäîâèùå 
äëÿ ðåãåíåðàö³¿, øò.

Ïåð³îä 
êóëüòèâóâàííÿ êàëóñ³â, 

ä³á

Ê³ëüê³ñòü îòðèìàíèõ 
ðîñëèí-ðåãåíåðàíò³â, 

øò.

Òèï ìîðôîãåíåçó, %

îðãàíîãåíåç
åìáð³î¿äî-

ãåíåç

PLS61

À188

Chi31

Âñüîãî

82

78

39

199

1–30
31–60 
61–90
91–120
121–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–120
121–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–120
121–180
Âñüîãî çà 180 ä³á
1–30
31–60 
61–90
91–120
121–180
Âñüîãî çà 180 ä³á

0
66
93
21
12
192
0
28
24
7
1
60
0
37
0
17
2
56
0

131
117
45
15
308

0
80,3
94,6
100,0
58,3
88,0
0

71,4
87,5
100,0
0,0
80,0
0

86,5
0

88,2
50,0
85,7
0

80,2±7,0
93,2±4,7
95,6±6,2
53,3±26,7
86,0±4,0

0
19,7
5,4
0,0
41,7
12,0
0

28,6
12,5
0,0

100,0
20,0
0

13,5
0

11,8
50,0
14,3
0

19,8±7,0
6,8±4,7
4,4±6,2

46,7±26,7
14,0±4,0
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×àñòîòà ðåãåíåðàö³¿ çðîñòàëà ïðè ï³äâèùåí-
í³ êîíöåíòðàö³¿ ñàõàðîçè ó ñåðåäîâèù³ äëÿ
êàëóñîãåíåçó ç 30 äî 60 ã/ë äëÿ ë³í³é íåëàí-
êàñòåð³âñüêèõ ãðóï (203,6 ïðîòè 93,2 øò./100 
êàëóñ³â). Äëÿ ë³í³é ãðóïè Ëàíêàñòåð ïðè ï³ä-
âèùåíí³ êîíöåíòðàö³¿ ñàõàðîçè ó ñåðåäîâèù³ 
äëÿ êàëóñîãåíåçó ç 30 äî 60 ã/ë ÷àñòîòà ðå-
ãåíåðàö³¿ ñóòòºâî íå çì³íþâàëàñÿ (27,2 ± 8,0 
ïðîòè 22,2 ± 7,7 øò./100 êàëóñ³â). 

ßê âèäíî ç òàáë. 3, ó ë³í³é ãðóïè Ëàíêàñòåð 
ñàõàðîçà â êîíöåíòðàö³¿ 30 ã/ë ó ñåðåäîâèù³ 
äëÿ êàëóñîãåíåçó ñïðèÿëà ïðîõîäæåííþ ïðîöå-
ñ³â îðãàíîãåíåçó (73,5 ± 15,4 %), à çà ä³¿ ñàõà-
ðîçè â êîíöåíòðàö³¿ 60 ã/ë â³äáóâàëàñÿ ³íòåí-
ñèô³êàö³ÿ ïðîöåñó ñîìàòè÷íîãî åìáð³îãåíåçó, â 
ðåçóëüòàò³ ÷îãî ÷àñòîòè îðãàíîãåíåçó òà åìáð³î-
¿äîãåíåçó ñòàâàëè áëèçüêèìè (42,3 ± 19,8 % òà 
57,7 ± 19,8 % â³äïîâ³äíî). Ó ë³í³é êóêóðóäçè ³í-
øèõ ãåòåðîçèñíèõ ãðóï äîñòîâ³ðíèõ â³äì³ííîñ-
òåé ì³æ ñï³ââ³äíîøåííÿì ÷àñòîò îðãàíîãåíåçó 
òà åìáð³î¿äîãåíåçó ïðè âèêîðèñòàíí³ â ñåðå-
äîâèù³ äëÿ êàëóñîãåíåçó ð³çíî¿ êîíöåíòðàö³¿ 
ñàõàðîçè íå âèÿâëåíî: ÿê íà ôîí³ êîíöåíòðàö³¿ 
30 ã/ë, òàê ³ 60 ã/ë ïåðåâàæíà ê³ëüê³ñòü ðåãå-
íåðàíò³â, â³äïîâ³äíî 89,0 ± 7,0 òà 85,0 ± 4,8 %,
óòâîðþâàëàñÿ øëÿõîì îðãàíîãåíåçó. Òàêèì ÷è-
íîì ÷àñòîòà åìáð³î¿äîãåíåçó ïðè âèêîðèñòàí-
í³ ñàõàðîçè ó êîíöåíòðàö³¿ 60 ã/ë ïîð³âíÿíî ç 
30 ã/ë ó ñåðåäîâèù³ äëÿ êàëóñîãåíåçó çðîñòàëà 
íà 31,2 % ó ë³í³é êóêóðóäçè ãåòåðîçèñíî¿ ãðóïè 
Ëàíêàñòåð ³ ëèøå íà 4,0 % ó ë³í³é ³íøèõ ãåòå-
ðîçèñíèõ ãðóï.

Òàêèì ÷èíîì, ë³í³¿ êóêóðóäçè ãðóïè Ëàíêàñ-
òåð á³ëüø ÷óòëèâ³ äî ä³¿ êîìïîíåíò³â ñåðåäîâèùà 
êóëüòèâóâàííÿ, í³æ ë³í³¿ – ïðåäñòàâíèêè ³íøèõ 
ãåòåðîçèñíèõ ãðóï. Òàê, ó ë³í³é ãðóïè Ëàíêàñòåð 
ïðè âèêîðèñòàíí³ 60 ã/ë ñàõàðîçè ó ñåðåäîâèù³ 
äëÿ êàëóñîãåíåçó ð³âåíü åìáð³î¿äîãåíåçó çðîñòàâ 
äî 57,7 % ³ ôàêòè÷íî äîñÿãàâ ð³âíÿ îðãàíîãåíåçó. 
Ó äîñë³äæåíèõ ë³í³é – ïðåäñòàâíèê³â íåëàí-
êàñòåð³âñüêèõ ãåòåðîçèñíèõ ãðóï (PLS61, A188,
Chi31) ð³âåíü ñàõàðîçè ó ñåðåäîâèù³ äëÿ êàëóñî-
ãåíåçó ñóòòºâî íå âïëèâàâ íà ñï³ââ³äíîøåííÿ 
òèï³â ìîðôîãåíåçó â êàëóñí³é òêàíèí³. 

Âèñíîâêè. Â êàëóñí³é òêàíèí³ ë³í³é êóêóðóä-
çè ðåãåíåðàö³ÿ ðîñëèí â³äáóâàºòüñÿ ÿê øëÿõîì 
îðãàíîãåíåçó, òàê ³ åìáð³î¿äîãåíåçó, ïðè öüîìó 
ïåðåâàæíèé òèï ìîðôîãåíåçó âèçíà÷àºòüñÿ ãåíî-
òèïîì åêñïëàíòó. Ó ë³í³é êóêóðóäçè ãåòåðî-
çèñíî¿ ãðóïè Ëàíêàñòåð çàâäÿêè ìîäèô³êàö³¿ 
ñêëàäó æèâèëüíîãî ñåðåäîâèùà äëÿ êàëóñîãå-
íåçó âäàëîñÿ äîñÿãòè çðîñòàííÿ ÷àñòîòè åìá-
ð³î¿äîãåíåçó ó 2,1 ðàçè, ç 26,5 äî 57,7 %. 
Ë³í³¿ äîñë³äæåíèõ íåëàíêàñòåð³âñüêèõ ãåòåðî-
çèñíèõ ãðóï, íå ÷óòëèâ³ äî ä³¿ ð³çíèõ êîíöåí-
òðàö³é ñàõàðîçè, õàðàêòåðèçóþòüñÿ íèçüêîþ
÷àñòîòîþ åìáð³î¿äîãåíåçó (15,0 %) ³ ïåðåâàæ-
íèì óòâîðåííÿì ðîñëèí-ðåãåíåðàíò³â ÷åðåç îð-
ãàíîãåíåç. Äëÿ ïîë³ïøåííÿ ïðîöåñó ðåãåíåðà-
ö³¿ ðîñëèí â êóëüòóð³ êàëóñíî¿ òêàíèíè ó ë³-
í³é êóêóðóäçè ñåëåêö³éíî ïåðñïåêòèâíî¿ ãåòå-
ðîçèñíî¿ ãðóïè Ëàíêàñòåð ðåêîìåíäîâàíî âè-
êîðèñòîâóâàòè ñàõàðîçó â êîíöåíòðàö³¿ 60 ã/ë ó 
ñåðåäîâèù³ äëÿ êàëóñîãåíåçó.

Òàáëèöÿ 3. Âïëèâ ñàõàðîçè ó ð³çíèõ êîíöåíòðàö³ÿõ íà ìîðôîãåíåç òà ðåãåíåðàö³þ 
â êóëüòóð³ êàëóñíî¿ òêàíèíè êóêóðóäçè in vitro

Êîíöåíòðàö³ÿ ñàõðîçè
ó ñåðåäîâèù³ 

äëÿ êàëóñîãåíåçó, ã/ë

Ê³ëüê³ñòü êàëóñ³â, 
âèñàäæåíèõ 

íà ñåðåäîâèùå 
äëÿ ðåãåíåðàö³¿, øò.

Òèï ìîðôîãåíåçó, %
×àñòîòà ðåãåíåðàö³¿, 

øò. ðåãåíåðàíò³â 
íà 100 êàëóñ³âîðãàíîãåíåç åìáð³î¿äîãåíåç

Ë³í³¿ ãåòåðîçèñíî¿ ãðóïè Ëàíêàñòåð (ÄÊ267, ÄÊ6080, ÄÊ420-1, ÄÊ298 òà ÄÊ3070)

30

60

125

117

73,5 ± 15,4

42,3 ± 19,8

26,5 ± 15,4

57,7 ± 19,8

27,2 ± 8,0

22,2 ± 7,7

Ë³í³¿ ãåòåðîçèñíèõ ãðóï PLS61, A188 òà Chi31 (PLS61, A188 òà Chi31)

30

60

88

111

89,0 ± 7,0

85,0 ± 4,8

11,0 ± 7,0

15,0 ± 4,8

93,2 ± 5,4

203,6 ± 27,7
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The genotypic features of morphogenesis and re-
generation in vitro for five maize inbreds of perspective 
breeding Lancaster heterotic group compared to re-
presentatives of others heterotic groups – PLS61, A188 
and Chi31 were studied. It was identified that the ratio 
of such types of morphogenesis as organogenesis and 
embryoidogenesis in callus culture was determined by 
the explant genotype and the concentration of sucrose 
in the medium for callusogenesis. The frequency 
of embryoidogenesis as the most effective type of 
morphogenesis for further regeneration in Lancaster 
inbreds averaged about 40.0 ± 12.8 %, while for 
other heterotic groups it was only 14.0 ± 4.0 %. For  
Lancaster heterotic group sucrose at the concentration 
of 30 g/l in the medium for callusogenesis provided 
further regeneration through embryoidogenesis at the 
level of 26.5 ± 15.4 %, but sucrose at the concentration 
of 60 g/l provided it at 57.7 ± 19.8 %. For inbreds 
which represent other heterotic groups sucrose content 
in the medium for callusogenesis did not affect further 
regenaration, the level of embryoidogenesis at 30 and 
60 g/l sucrose amounted 11.0 ± 7.0 and 15.0 ± 4.8 % 
correspondingly.

ÌÎÐÔÎÃÅÍÅÇ IN VITRO Ó ËÈÍÈÉ ÊÓÊÓÐÓÇÛ 
ÃÅÒÅÐÎÇÈÑÍÎÉ ÃÐÓÏÏÛ ËÀÍÊÀÑÒÅÐ 

Å.Â. Äåðêà÷, Î.Å. Àáðàèìîâà, Ò.Í. Ñàòàðîâà

Èçó÷åíû ãåíîòèïè÷åñêèå îñîáåííîñòè ìîðôîãåíåçà 
è ðåãåíåðàöèè in vitro ó ïÿòè ëèíèé êóêóðóçû ñå-
ëåêöèîííî ïåðñïåêòèâíîé ãåòåðîçèñíîé ãðóïïû 
Ëàíêàñòåð ïî ñðàâíåíèþ ñ ïðåäñòàâèòåëÿìè äðó-
ãèõ ãåòåðîçèñíûõ ãðóïï – PLS61, A188 è Chi31. 
Âûÿâëåíî, ÷òî ñîîòíîøåíèå òàêèõ òèïîâ ìîðôî-
ãåíåçà, êàê îðãàíîãåíåç è ýìáðèîèäîãåíåç, â êàë-
ëóñíîé òêàíè îïðåäåëÿåòñÿ ãåíîòèïîì åêñïëàíòà è 
êîíöåíòðàöèåé ñàõàðîçû â ñðåäå äëÿ êàëëóñîãåíåçà. 
×àñòîòà ýìáðèîèäîãåíåçà êàê áîëåå ýôôåêòèâíî-
ãî ñ òî÷êè çðåíèÿ äàëüíåéøåé ðåãåíåðàöèè òèïà 
ìîðôîãåíåçà äëÿ ëèíèé ãåòåðîçèñíîé ãðóïïû Ëàí-
êàñòåð â ñðåäíåì ñîñòàâèëà 40,0 ± 12,8 %, òîãäà êàê 
äëÿ äðóãèõ ãåòåðîçèñíûõ ãðóïï – ëèøü 14,0 ± 4,0 %. 
Ó ëèíèé ãåòåðîçèñíîé ãðóïïû Ëàíêàñòåð ñàõàðîçà 
â êîíöåíòðàöèè 30 ã/ë â ñðåäå äëÿ êàëëóñîãåíåçà 
îáåñïå÷èâàëà â äàëüíåéøåì ðåãåíåðàöèþ ïóòåì ýìá-
ðèîèäîãåíåçà íà óðîâíå 26,5 ± 15,4 %, à â êîí-
öåíòðàöèè 60 ã/ë – 57,7 ± 19,8 %. Ó ëèíèé – 
ïðåäñòàâèòåëåé äðóãèõ ãåòåðîçèñíûõ ãðóïï ñîäåð-

æàíèå ñàõàðîçû â ñðåäå äëÿ êàëëóñîãåíåçà íå âëèÿ-
ëî íà äàëüíåéøóþ ðåãåíåðàöèþ. Óðîâåíü ýìáðèîè-
äîãåíåçà íà ôîíå 30 è 60 ã/ë ñàõàðîçû ñîñòàâèë 
11,0 ± 7,0 è 15,0 ± 4,8 % ñîîòâåòñòâåííî. 
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