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Genetics

Âñòóï
Çíà÷íèì äîñÿãíåííÿì ñó÷àñíî¿ ãåíåòèêè 

³ ñåëåêö³¿ ðîñëèí º ñòâîðåííÿ òðèòèêàëå 
(×Triticosecale spp. Wittmack ex A.Camus 
1927), ñîðòè ÿêîãî óñï³øíî âïðîâàäæóþòü-
ñÿ â ñ³ëüñüêîãîñïîäàðñüêå âèðîáíèöòâî [1]. 
Ðàçîì ³ç òèì, íåçâàæàþ÷è íà âèñîê³ ïîòåí-
ö³éí³ ìîæëèâîñò³, öÿ åâîëþö³éíî ìîëîäà 
êóëüòóðà íà öåé ÷àñ íå îòðèìàëà øèðîêîãî 
âèðîáíè÷îãî âèêîðèñòàííÿ [2]. Íåäîñòàò-
íüî âèñîêà ïëàñòè÷í³ñòü ñîðò³â ³ ñåëåêö³é-
íèõ ôîðì òðèòèêàëå, ïîâ’ÿçàíà ç îáìåæå-
íîþ ãåíåòè÷íîþ ð³çíîìàí³òí³ñòþ âèõ³äíîãî 
ìàòåð³àëó, ïîòðåáóº ïîë³ïøåííÿ øëÿõîì 
çáàãà÷åííÿ ãåíîôîíäó ö³º¿ êóëüòóðè é ï³ä-
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Ìåòà. Ïðîàíàë³çóâàòè ð³âåíü ïåðåõðåñíî¿ ñò³éêîñò³ îòðèìàíèõ ñîëå- òà îñìîñò³éêèõ êë³òèííèõ ë³í³é ³ ðîñëèí-
ðåãåíåðàíò³â òðèòèêàëå îçèìîãî äî îñìîòè÷íîãî òà ñîëüîâîãî ñòðåñ³â. Ìåòîäè. Êóëüòóðè òêàíèí ³ îðãàí³â in vitro, 
ñåëåêö³¿ in vitro, á³îõ³ì³÷í³, ñòàòèñòè÷íèé àíàë³ç. Ðåçóëüòàòè. Âñòàíîâëåíî, ùî ñòàá³ëüí³ñòü ïðîÿâó îçíàêè ïåðåõðåñíî¿ 
ñò³éêîñò³ ÿê äî ñîëüîâîãî, òàê ³ äî îñìîòè÷íîãî ñòðåñ³â ó îòðèìàíèõ êë³òèííèõ ë³í³é òðèòèêàëå îçèìîãî áóëà íà äîñèòü 
âèñîêîìó ð³âí³ – äî ê³íöÿ øîñòîãî ïàñàæó âèæèâàëî â³ä 50 äî 76% êàëþñ³â. Ïîêàçàíî, ùî, íåçâàæàþ÷è íà íàÿâí³ñòü 
ó ñåëåêòèâíîìó ñåðåäîâèù³ ñóáëåòàëüíî¿ êîíöåíòðàö³¿ ñòðåñ-ôàêòîðà (ìàí³òó/õëîðèäó íàòð³þ), ñò³éê³ êë³òèíí³ ë³í³¿ 
òðèòèêàëå àêòèâíî ïðîäîâæóâàëè ðîñòè é íàêîïè÷óâàòè á³îìàñó. Âèÿâëåíî, ùî ó ë³í³¿ ‘38/1296’ íàéá³ëüø ñò³éêèìè 
äî îñìîòè÷íîãî òà ñîëüîâîãî ñòðåñ³â áóëè êë³òèíí³ ë³í³¿ 5Ë/ñë òà 5Ë/îñ â³äïîâ³äíî, à â ñîðòó ‘Îáð³é’ – 1Ñ/ñë òà 1Ñ/îñ 
â³äïîâ³äíî, îñê³ëüêè âîíè ìàëè íàéâèùó ÷àñòêó æèâèõ êàëþñ³â òà ïðèð³ñò á³îìàñè çà ñåëåêòèâíèõ óìîâ, à ðîñëèíè-ðå-
ãåíåðàíòè ç íèõ – íàéâèùèé ð³âåíü âèæèâàííÿ ï³ñëÿ ä³¿ êîìïëåêñó àá³îòè÷íèõ ñòðåñîð³â. Ñîëåñò³éê³ êë³òèíí³ ë³í³¿ îáîõ 
ãåíîòèï³â òðèòèêàëå îçèìîãî ïîð³âíÿíî ç êîíòðîëåì õàðàêòåðèçóâàëèñü òàêîæ äîñòîâ³ðíî âèùèì âì³ñòîì â³ëüíîãî 
ïðîë³íó çà ä³¿ ñåëåêòèâíèõ ÷èííèê³â. Îäåðæàí³ ðåçóëüòàòè ìîæóòü ñâ³ä÷èòè ïðî òå, ùî êë³òèíí³ ë³í³¿ òà ðîñëèíè-ðåãå-
íåðàíòè òðèòèêàëå ìàþòü ãåíåòè÷íî îáóìîâëåíó îçíàêó ñò³éêîñò³ äî ñòðåñîâèõ ôàêòîð³â. Âèñíîâêè. Ïåðåâ³ðêà îçíàê 
ñò³éêîñò³ äî àá³îòè÷íèõ ñòðåñîð³â çàñâ³ä÷èëà äîñèòü âèñîêèé ð³âåíü ïåðåõðåñíî¿ òîëåðàíòíîñò³ îòðèìàíèõ êë³òèííèõ 
ë³í³é îáîõ ãåíîòèï³â òðèòèêàëå ÿê äî ñîëüîâîãî, òàê ³ äî îñìîòè÷íîãî ñòðåñ³â. Ñò³éê³ñòü äî ñîëüîâîãî òà îñìîòè÷íîãî 
ñòðåñ³â âèä³ëåíèõ in vitro êë³òèí çáåðåãëàñü ó ³íäóêîâàíèõ ðîñëèíàõ ³ íà îðãàí³çìîâîìó ð³âí³ çàáåçïå÷èëà ï³äâèùåííÿ 
òîëåðàíòíîñò³ äî àá³îòè÷íèõ ôàêòîð³â ñåðåäîâèùà. Ïîêàçàíî, ùî çàâäÿêè çàãàëüíèì íåñïåöèô³÷íèì ìåõàí³çìàì 
ñò³éêîñò³ ðåçèñòåíòí³ñòü êàëþñíèõ êóëüòóð òðèòèêàëå äî îäíîãî àá³îòè÷íîãî ñòðåñîðà ìîæå ïðèçâîäèòè äî ï³äâèùåííÿ 
òîëåðàíòíîñò³ é äî ³íøîãî.

Êëþ÷îâ³ ñëîâà: òðèòèêàëå îçèìå, îñìîòè÷íèé ñòðåñ, ñîëüîâèé ñòðåñ, ñò³éê³ñòü, êë³òèíí³ ë³í³¿, ðîñëèíè-ðåãåíå-
ðàíòè.

âèùåííÿ åôåêòèâíîñò³ ¿¿ ñåëåêö³¿ ð³çíèìè 
ìåòîäàìè [3]. 

Âàæëèâå çíà÷åííÿ äëÿ ñåëåêö³éíîãî ïî-
ë³ïøåííÿ òðèòèêàëå ìàº éîãî ñò³éê³ñòü äî 
àá³îòè÷íèõ ñòðåñîâèõ ÷èííèê³â äîâê³ëëÿ, 
çîêðåìà äî ïîñóõè òà çàñîëåííÿ ´ðóíò³â, 
ùî äàñòü çìîãó çá³ëüøèòè ïëîù³ ï³ä íèì ó 
ðàéîíàõ ç íåñïðèÿòëèâèìè êë³ìàòè÷íèìè 
óìîâàìè [4, 5]. Ïîñóõà ïðèçâîäèòü äî âîä-
íîãî äåô³öèòó â ´ðóíò³ òà â³äïîâ³äíî â ðîñ-
ëèíàõ, ùî çóìîâëþº îñìîòè÷íèé ñòðåñ [6]. 
Øê³äëèâà ä³ÿ çàñîëåííÿ âèÿâëÿº êîìïëåê-
ñíèé õàðàêòåð ³ çóìîâëåíà ÿê ïîðóøåííÿì 
îñìîòè÷íîãî áàëàíñó êë³òèí, òàê ³ ïðÿìèì 
òîêñè÷íèì âïëèâîì íà ô³ç³îëîã³÷í³ òà á³î-
õ³ì³÷í³ ïðîöåñè â êë³òèíàõ [7]. ×àñòî ðîñ-
ëèíè çàçíàþòü ä³¿ ê³ëüêîõ ñòðåñîð³â âîäíî-
÷àñ, ïðè öüîìó ¿õ íåãàòèâíèé âïëèâ â³ä-
÷óòíî ïîñèëþºòüñÿ [8]. Òîæ âèíèêàº ïîò-
ðåáà â ðîñëèíàõ, çäàòíèõ íå ò³ëüêè âèòðè-
ìóâàòè íåñïðèÿòëèâ³ óìîâè, à é àêòèâíî 
¿ì ïðîòèä³ÿòè, òîáòî ðîñòè çà ñòðåñîâèõ 
óìîâ. 
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Ãåíåòèêà

Âèð³øåííÿ áàãàòîãðàííî¿ ïðîáëåìè ñò³é-
êîñò³ ðîñëèí äî ñòðåñîâèõ ÷èííèê³â ïîòðå-
áóº çàëó÷åííÿ íîâèõ åôåêòèâíèõ ï³äõîä³â. 
Îñòàíí³ì ÷àñîì ïåðñïåêòèâíèì íàïðÿìîì, 
ÿêèé äàº çìîãó ñòâîðþâàòè íîâ³ ôîðìè ñ³ëü-
ñüêîãîñïîäàðñüêèõ êóëüòóð ³ òðèòèêàëå çîê-
ðåìà, ðîçãëÿäàºòüñÿ âèêîðèñòàííÿ ìåòîä³â 
á³îòåõíîëîã³¿. Îäíèì ³ç òàêèõ ìåòîä³â º êë³-
òèííà ñåëåêö³ÿ, òîáòî äîá³ð áàæàíèõ ãåíîòè-
ï³â ç íîâèìè ñïàäêîâèìè îçíàêàìè íà ð³âí³ 
êóëüòèâîâàíèõ in vitro êë³òèí ó ñïåöèô³÷-
íèõ óìîâàõ [9]. Ç âèêîðèñòàííÿì á³îòåõíî-
ëîã³÷íèõ ï³äõîä³â ñòàº ìîæëèâèì îòðèìàí-
íÿ íîâèõ ôîðì ³ç áàæàíèìè îçíàêàìè, â 
òîìó ÷èñë³ ç êîíêðåòíèìè çì³íàìè â³äïîâ³ä-
íèõ ìåòàáîë³÷íèõ ïðîöåñ³â, ÿê³ çàáåçïå÷ó-
þòü àäàïòàö³þ ðîñëèí äî ñòðåñîâèõ óìîâ 
[10]. Íà ñüîãîäí³ ìåòîäè êë³òèííî¿ ñåëåêö³¿ 
òðèòèêàëå ò³ëüêè ðîçðîáëÿþòüñÿ, òîìó â ë³-
òåðàòóðíèõ äæåðåëàõ ìîæíà çíàéòè ëèøå 
ïîîäèíîê³ ïîâ³äîìëåííÿ ùîäî äîáîðó in 
vitro ñòðåñ-ñò³éêèõ ôîðì [11–13]. 

ßê ñòâåðäæóº ðÿä àâòîð³â [14–17], ôîðìó-
âàííÿ êîìïëåêñíî¿ ñò³éêîñò³ ðîñëèí äî àá³î-
òè÷íèõ ñòðåñ³â (ñîëüîâîãî, îñìîòè÷íîãî, òåì-
ïåðàòóðíîãî) íà êë³òèííîìó ³ òêàíèííîìó ð³â-
íÿõ ìàº äåÿê³ ïîä³áí³ ìåõàí³çìè. Â³ä³á ðàí³ 
êë³òèíí³ ë³í³¿ òà ðîñëèíè-ðåãåíåðàíòè ìî-
æóòü âèÿâëÿòè ñò³éê³ñòü äî äâîõ ³ á³ëüøå 
òèï³â ñòðåñó, äåêîëè íàâ³òü íå ñõîæèõ çà ô³-
çèêî-õ³ì³÷íîþ ïðèðîäîþ òà çà ì³øåíÿìè ä³¿. 
Ïîêàçàíî [15–17], ùî ï³äâèùåííÿ îñìîñò³é-
êîñò³ íà êë³òèííîìó ð³âí³ ìîæå çàáåçïå÷èòè 
òîëåðàíòí³ñòü ðîñëèí îäíî÷àñíî äî ê³ëüêîõ 
àá³îòè÷íèõ ñòðåñ³â, ÿê³ ñïðè÷èíÿþòü çíå-
âîäíåííÿ êë³òèí. ²ç íàâåäåíèõ ðåçóëüòàò³â 
âèïëèâàº, ùî àäàïòàö³ÿ êë³òèí äî îñìîòè÷-
íîãî ñòðåñó ìîæå áóòè çàñòîñîâàíà äëÿ äî-
áîðó ñîëåñò³éêèõ âàð³àíò³â ³ íàâïàêè, à ïî-
ä³áí³ äîñë³äæåííÿ ñòàíîâëÿòü ³íòåðåñ äëÿ 
âèâ÷åííÿ ÿê ó âçàºìîä³¿, òàê ³ íåçàëåæíî 
îäíå â³ä îäíîãî.

Â³äîìî, ùî ó ðàç³ çàñîëåííÿ ðîñëèíè çà-
çíàþòü çãóáíîãî âïëèâó ÿê â³ä òîêñè÷íî¿, 
òàê ³ â³ä îñìîòè÷íî¿ ä³¿ ñîëåé [8, 14, 15]. Íà-
ÿâí³ äàí³ ïðî òå, ùî ñò³éê³ñòü äî îñìîòè÷íî-
ãî ñòðåñó ÷àñòî çàáåçïå÷óº ï³äâèùåííÿ òîëå-
ðàíòíîñò³ é äî ñîëüîâîãî [15–17]. Çâàæàþ÷è 
íà öåé ôàêò, ëîã³÷íî ïðèïóñòèòè, ùî øëÿ-
õîì ñåëåêö³¿ in vitro íà ñåðåäîâèùàõ ç îñìî-
òè÷íî àêòèâíîþ ðå÷îâèíîþ ìîæíà îòðèìà-
òè ðîñëèíè, òîëåðàíòí³ äî ê³ëüêîõ àá³îòè÷-
íèõ ñòðåñîð³â.

Ìåòà äîñë³äæåíü – ïðîàíàë³çóâàòè ð³âåíü 
ïåðåõðåñíî¿ ñò³éêîñò³ îòðèìàíèõ ñîëå- òà 
îñìîñò³éêèõ êë³òèííèõ ë³í³é ³ ðîñëèí-ðåãå-
íåðàíò³â òðèòèêàëå îçèìîãî äî îñìîòè÷íîãî 
òà ñîëüîâîãî ñòðåñ³â.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ìàòåð³àëîì äîñë³äæåíü áóëè äâà ãåíîòèïè 

ãåêñàïëî¿äíîãî òðèòèêàëå îçèìîãî ñåëåêö³¿ 
Ìèðîí³âñüêîãî ³íñòèòóòó ïøåíèö³ ³ì. Â. Ì. Ðå-
ìåñëà ÍÀÀÍ Óêðà¿íè: ë³í³ÿ ‘38/1296’ òà 
ñîðò ‘Îáð³é’, ÿê³ õàðàêòåðèçóþòüñÿ âèñî-
êèìè ãîñïîäàðñüêî-ö³ííèìè ïîêàçíèêàìè. 
Êë³ òèíí³ ë³í³¿ òà ðîñëèíè-ðåãåíåðàíòè çàç-
íà÷åíèõ ãåíîòèï³â áóëè îòðèìàí³ ó ïîïåðåä-
í³õ äîñë³äæåííÿõ øëÿõîì ñåëåêö³¿ in vitro 
íà ñò³éê³ñòü äî îñìîòè÷íîãî [18, 19] òà ñî-
ëüîâîãî [20] ñòðåñ³â çà ïðîïîíîâàíîþ ñõå-
ìîþ (ðèñ. 1).

Ðèñ. 1. Ñõåìà îòðèìàííÿ îñìî- òà ñîëåñò³éêèõ 
êë³òèííèõ ë³í³é ³ ðîñëèí-ðåãåíåðàíò³â òðèòèêàëå

Äëÿ ïåðåâ³ðêè ïåðåõðåñíî¿ ñò³éêîñò³ êë³-
òèííèõ ë³í³é òðèòèêàëå äî àá³îòè÷íèõ 
ñòðåñ³â ¿õ êóëüòèâóâàëè ïðîòÿãîì øåñòè 
ïàñàæ³â íà ìîäèô³êîâàíèõ ñåðåäîâèùàõ 
Ìóðàñ³ãå–Ñêóãà (ÌÑ) [21] ³ç ñóáëåòàëüíè-
ìè êîíöåíòðàö³ÿìè ñòðåñ-÷èííèê³â, âèç-
íà÷åíèõ íàìè ó ïîïåðåäí³õ äîñë³äæåííÿõ 
[22, 23], òà íåñåëåêòèâíèõ óìîâàõ. Àíàë³ç 
ïåðåõðåñíî¿ ñò³éêîñò³ îñìîñò³éêèõ êë³òèí-
íèõ ë³í³é òðèòèêàëå äî çàñîëåííÿ ïðîâî-
äèëè çà ñõåìîþ: ñåëåêòèâíå ñåðåäîâèùå ç 
1,2% NaCl (2 ïàñàæ³) → ñåðåäîâèùå ÌÑ (2 ïà-
ñàæ³) → ñåëåêòèâíå ñåðåäîâèùå ç 1,2% 
NaCl (2 ïàñàæ³). 

²íäóêö³ÿ êàëþñó ç àïåêñà ïàãîíà 
òðèäîáîâèõ ïðîðîñòê³â òà éîãî 

ðîçìíîæåííÿ (2 ïàñàæ³)

Cåëåêö³ÿ in vitro

Ñòóï³í÷àñòà ñåëåêö³ÿ (3 ïàñàæ³)
0,2 Ì → 0,4 Ì → 0,6 Ì ìàí³ò
0,6% → 0,9% → 1,2% NaCl

Ïðÿìà ñåëåêö³ÿ (3 ïàñàæ³),
ñóáëåòàëüíà êîíöåíòðàö³ÿ ñòðåñ-
ôàêòîðà 0,6 Ì ìàí³ò / 1,2% NaCl

Çíÿòòÿ ñåëåêòèâíîãî òèñêó òà ïåðåâ³ðêà
ó íåñåëåêòèâíèõ óìîâàõ (1 ïàñàæ)

Êóëüòèâóâàííÿ çà ïðèñóòíîñò³ 
ñóáëåòàëüíî¿ êîíöåíòðàö³¿ ñòðåñ-ôàêòîðà 

(2 ïàñàæ³)

Ðåãåíåðàö³ÿ, äîðîùóâàííÿ òà óêîð³íåííÿ 
ïàãîí³â (2 ïàñàæ³)
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Àíàë³ç ð³âíÿ ïåðåõðåñíî¿ òîëåðàíòíîñò³ 
ñîëåñò³éêèõ êë³òèííèõ ë³í³é äî îñìîòè÷íî-
ãî ñòðåñó ïðîâîäèëè çà àíàëîã³÷íîþ ñõåìîþ: 
ñåëåêòèâíå ñåðåäîâèùå ç 0,6 Ì ìàí³òó (2 ïà-
ñàæ³) → ñåðåäîâèùå ÌÑ (2 ïàñàæ³) → ñåëåê-
òèâíå ñåðåäîâèùå ç 0,6 Ì ìàí³òó (2 ïàñàæ³). 
Òðèâàë³ñòü êîæíîãî ïàñàæó – 21 äîáà.

Ñò³éê³ñòü êàëþñíèõ êóëüòóð äî ³îííîãî òà 
îñìîòè÷íîãî ñòðåñ³â îö³íþâàëè çà âèæèâà-
í³ñòþ, ïðèðîñòîì ìàñè ñèðî¿ ðå÷îâèíè òà 
âì³ñòîì â³ëüíîãî ïðîë³íó, ÿêèé âèçíà÷àëè 
çà ìîäèô³êîâàíîþ ìåòîäèêîþ ×èíàðäà [24]. 
Êîíòðîëåì áóëî ñåðåäîâèùå ÌÑ áåç ñòðåñ-
ôàêòîðà.

Àíàë³ç ñò³éêîñò³ ³íäóêîâàíèõ ðîñëèí-ðåãå-
íåðàíò³â äî ñîëüîâîãî òà îñìîòè÷íîãî ñòðå-
ñ³â ïðîâîäèëè, âèêîðèñòîâóþ÷è ðîçðîáëåíó 
íàìè ñèñòåìó ïåðåñàäîê íà æèâèëüí³ ñåðåäî-
âèùà ³ç ñòðåñîâèìè ÷èííèêàìè ³ áåç íèõ. 
Ñåëåêòèâí³ ñåðåäîâèùà (ìîäèô³êîâàíå ñå-
ðåäîâèùå ÌÑ) ì³ñòèëè ñóáëåòàëüí³ äîçè 
õëîðèäó íàòð³þ (1,2%) òà ìàí³òó (0,6 Ì). 
Ðåãåíåðàíòè ïàñàæóâàëè çà ñõåìîþ: ñåëåê-
òèâíå ñåðåäîâèùå ç 1,2% NaCl (1 ïàñàæ ) → 
ñåëåêòèâíå ñåðåäîâèùå ç 0,6 Ì (1 ïàñàæ ) → 
ñåðåäîâèùå ÌÑ (1 ïàñàæ). Ñò³éê³ñòü ðîñëèí 
âèçíà÷àëè çà ð³âíåì ¿õ âèæèâàííÿ â ñåëåê-
òèâíèõ óìîâàõ.

Ó ïîäàëüøîìó ðåãåíåðàíò³â ïåðåñàäæóâà-
ëè ó ñòåðèëüíèé ´ðóíò ³ çàëèøàëè ó âîëîã³é 
êàìåð³ íà 7–14 ä³á. Ïîò³ì ¿õ ÿðîâèçóâàëè â 
õîëîäèëüí³é êàìåð³ çà òåìïåðàòóðè +4 °Ñ é 
íàäàë³ âæå âèðîùóâàëè â óìîâàõ âåãåòàö³é-
íîãî áóäèíî÷êó äî ôàçè ïîâíî¿ ñòèãëîñò³ 
çåðíà. 

Åêñïåðèìåíòàëüíî îòðèìàí³ äàí³ îáðîáëÿ-
ëè çà äîïîìîãîþ ìåòîä³â ñòàòèñòè÷íîãî àíà-
ë³çó [25].

Ðåçóëüòàòè äîñë³äæåíü
Âñòàíîâëåíî, ùî ñòàá³ëüí³ñòü ïðîÿâó 

îçíàêè ïåðåõðåñíî¿ ñò³éêîñò³ äî ñîëüîâîãî 
ñòðåñó â îòðèìàíèõ îñìîñò³éêèõ êë³òèííèõ 
ë³í³é áóëà äîñèòü âèñîêîþ – äî ê³íöÿ øîñ-
òîãî ïàñàæó âèæèâàëî â³ä 51 äî 75% êàëþ-
ñ³â (ðèñ. 2).

Ï³ä ÷àñ âèçíà÷åííÿ ïðèðîñòó ìàñè ñèðî¿ 
ðå÷îâèíè êàëþñ³â áóëî ïîêàçàíî, ùî, íåçâà-
æàþ÷è íà íàÿâí³ñòü ó ñåëåêòèâíîìó ñåðåäî-
âèù³ ñóáëåòàëüíî¿ êîíöåíòðàö³¿ NaCl, ñò³éê³ 
êàëþñè ïðîäîâæóâàëè ð³ñò (ðèñ. 3).

Çàãàëîì, ó ë³í³¿ ‘38/1296’ ñë³ä âèä³ëèòè 
ñò³éêó êë³òèííó ë³í³þ 5Ë/îñ, à â ñîðòó ‘Îá-
ð³é’ – 1Ñ/îñ, îñê³ëüêè âîíè ìàëè íàéâèùó 
÷àñòêó æèâèõ êàëþñ³â òà çáåð³ãàëè çäàòí³ñòü 
äî íàðîùóâàííÿ á³îìàñè çà ñåëåêòèâíèõ 
óìîâ. Ìîðôîëîã³÷í³ õàðàêòåðèñòèêè êë³òèí-
íèõ ë³í³é ç ïåðåõðåñíîþ ñò³éê³ñòþ: ù³ëüíèé 
êàëþñ ç ãëîáóëÿðíîþ ñòðóêòóðîþ òåìíî-
æîâòîãî êîëüîðó (ðèñ. 4).

Òàêèì ÷èíîì, îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî 
äîñòàòíüî âèñîêó ïåðåõðåñíó ñò³éê³ñòü îäåð-
æàíèõ îñìîñò³éêèõ êë³òèííèõ ë³í³é òðèòè-
êàëå é äî ñîëüîâîãî ñòðåñó.

Íà ï³äñòàâ³ óÿâëåííÿ ïðî íàÿâí³ñòü ñïå-
öèô³÷íèõ òà çàãàëüíèõ ñèñòåì ñò³éêîñò³ 
[16–22] ïðîâîäèëè òàêîæ àíàë³ç ð³âíÿ ïå-
ðåõðåñíî¿ ñò³éêîñò³ ñîëåñò³éêèõ êë³òèí-
íèõ ë³í³é äî îñìîòè÷íîãî ñòðåñó. ßê ³ â 
ïîïåðåäí³õ äîñë³äæåííÿõ, ñò³éê³ñòü êë³-
òèííèõ êóëüòóð äî îñìîòè÷íîãî ñòðåñó 
îö³íþâàëè çà ¿õ âèæèâàí³ñòþ òà ïðèðîñ-
òîì ìàñè ñèðî¿ ðå÷îâèíè çà ñåëåêòèâíèõ 
óìîâ (ðèñ. 5, 6).

Ó õîä³ äîñë³äæåíü ïîêàçàíî, ùî ñòàá³ëü-
í³ñòü ïðîÿâó îçíàêè ïåðåõðåñíî¿ ñò³éêîñò³ 

Ðèñ. 2. Âèæèâàí³ñòü îñìîñò³éêèõ êë³òèííèõ ë³í³é ï³ñëÿ 6 ïàñàæ³â êóëüòèâóâàííÿ 
çà ñåëåêòèâíèõ (1,2% NaCl) òà íåñåëåêòèâíèõ óìîâ

Ñîðò ‘Îáð³é’Ë³í³ÿ ‘38/1296’

Îñìîñò³éê³ êë³òèíí³ ë³í³¿ Îñìîñò³éê³ êë³òèíí³ ë³í³¿
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Ðèñ. 3. Ïðèð³ñò ìàñè ñèðî¿ ðå÷îâèíè îñìîñò³éêèõ êë³òèííèõ ë³í³é òðèòèêàëå íàïðèê³íö³ ïàñàæó 
íà ñåëåêòèâíîìó ñåðåäîâèù³ ç 1,2% NaCl

Ñîðò ‘Îáð³é’

Ñîðò ‘Îáð³é’

Ë³í³ÿ ‘38/1296’

Îñìîñò³éê³ êë³òèíí³ ë³í³¿ Îñìîñò³éê³ êë³òèíí³ ë³í³¿

Ðèñ. 4. Îñìîñò³éê³ êàëþñè òðèòèêàëå íà ñåëåêòèâíîìó 
ñåðåäîâèù³ ç 1,2% NaCl íàïðèê³íö³ 6-ãî ïàñàæó 

êóëüòèâóâàííÿ

äî îñìîòè÷íîãî ñòðåñó â îòðèìàíèõ ñîëåñò³é-
êèõ êë³òèííèõ ë³í³é áóëà íà äîñèòü âèñîêî-
ìó ð³âí³ – äî ê³íöÿ øîñòîãî ïàñàæó âèæèâà-
ëî â³ä 50 äî 76% êàëþñ³â. Òàêîæ, íàâ³òü çà 
íàÿâíîñò³ â ñåëåêòèâíîìó ñåðåäîâèù³ ñóáëå-
òàëüíî¿ êîíöåíòðàö³¿ ìàí³òó, ñò³éê³ êàëþñè 
àêòèâíî íàêîïè÷óâàëè á³îìàñó.

Âèçíà÷åíî âì³ñò â³ëüíîãî ïðîë³íó â 
äîñë³ä æóâàíèõ ë³í³é. Âñòàíîâëåíî, ùî ñî-
ëåñò³éê³ êë³òèíí³ ë³í³¿ îáîõ ãåíîòèï³â òðè-
òèêàëå îçèìîãî ïîð³âíÿíî ç êîíòðîëåì õà-
ðàêòåðèçóâàëèñü äîñòîâ³ðíî âèùèì âì³ñ-
òîì ö³º¿ íèçüêîìîëåêóëÿðíî¿ àì³íîêèñëî-
òè (ðèñ. 7). 

Îòðèìàí³ äàí³ äàþòü ï³äñòàâó ñòâåðäæóâà-
òè ïðî ï³äâèùåíó ñò³éê³ñòü äî îñìîòè÷íîãî 
ñòðåñó ïðîàíàë³çîâàíèõ ñîëåñò³éêèõ êë³òèí-
íèõ ë³í³é òðèòèêàëå.

Ë³í³ÿ ‘38/1296’

Ñîëåñò³éê³ êë³òèíí³ ë³í³¿ Ñîëåñò³éê³ êë³òèíí³ ë³í³¿

Ðèñ. 5. Âèæèâàí³ñòü ñîëåñò³éêèõ êë³òèííèõ ë³í³é ï³ñëÿ 6 ïàñàæ³â çà ñåëåêòèâíèõ (0,6 Ì ìàí³òó) 
òà íåñåëåêòèâíèõ óìîâ 
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Ïîïåðåäí³ìè äîñë³äíèêàìè [26] öåé ïî-
êàçíèê áóëî òàêîæ âèêîðèñòàíî ï³ä ÷àñ 
àíàë³çó ïåðåõðåñíî¿ ñò³éêîñò³ äî îñìîòè÷-
íîãî ñòðåñó Cd-ñò³éêèõ êë³òèííèõ ë³í³é òà 
ðåãåíåðàíò³â òþòþíó. Êë³òèíí³ ë³í³¿ òþòþ-
íó, ñò³éê³ äî êàò³îí³â êàäì³þ, é îòðèìàí³ ç 
íèõ ðîñëèíè-ðåãåíåðàíòè àíàë³çóâàëè â 
óìîâàõ ìîäåëüîâàíîãî âîäíîãî ñòðåñó in 
vitro, âèêîðèñòîâóþ÷è íèçüêîìîëåêóëÿð-
íèé ìàí³ò ÿê ñåëåêòèâíèé àãåíò. Àâòîðàìè 
ïîêàçàíî, ùî ó ñò³éêèõ ë³í³é âì³ñò ïðîë³íó 
áóâ äîñòîâ³ðíî âèùèé, í³æ ó âèõ³äíîãî ãå-
íîòèïó, ï³äâèùåíèé éîãî âì³ñò ñïîñòåð³ãà-
ëè ÿê ó êë³òèíàõ êàëþñó, òàê ³ ëèñòê³â. 
Ó÷åí³ ïðèïóñêàþòü ó÷àñòü ïðîë³íó â îñìî-
ðåãóëÿö³¿ Cd-ñò³éêèõ ë³í³é òþòþíó òà ðåãå-
íåðàíò³â çà êóëüòèâóâàííÿ â óìîâàõ îñìî-
òè÷íîãî ñòðåñó in vitro. Íèìè òàêîæ âèÿâ-
ëåíî ïåðåõðåñíó ñò³éê³ñòü îòðèìàíèõ êë³-

òèííèõ ë³í³é òþòþíó ÿê äî îñìîòè÷íîãî 
ñòðåñó, òàê ³ ïðîòè ³îí³â êàäì³þ.

Ïðîë³í º îäíèì ³ç íàéá³ëüø áàãàòîôóíê-
ö³îíàëüíèõ ñòðåñîâèõ ìåòàáîë³ò³â ðîñëèí. 
Ðÿä àâòîð³â [14, 15, 26, 27] ó ñâî¿õ ðîáîòàõ 
çàçíà÷àþòü, ùî ïîðÿä ç äîáðå â³äîìîþ ôóíê-
ö³ºþ ÿê ³íåðòíîãî ñóì³ñíîãî îñìîë³òà ïðîë³í 
çà ä³¿ àá³îòè÷íèõ ñòðåñîð³â âèêîíóº òàêîæ 
íèçêó ³íøèõ âçàºìîïîâ’ÿçàíèõ ôóíêö³é: 
ìåìáðàíîïðîòåêòîðíó, øàïåðîííó, àíòèîê-
ñèäàíòíó, à òàêîæ áåðå ó÷àñòü ó ðåãóëÿö³¿ 
åêñïðåñ³¿ äåÿêèõ ãåí³â.

Ñàìå çà ä³¿ ñòðåñîð³â ñòâîðþþòüñÿ óìîâè 
äëÿ íàéá³ëüøîãî ïðîÿâó çàçíà÷åíèõ åôåê-
ò³â ö³º¿ àì³íîêèñëîòè. Òîìó íàâ³òü íåçíà-
÷íà çì³íà ¿¿ êîíöåíòðàö³¿ ìîæå âïëèíóòè íà 
æèòòºçäàòí³ñòü ðîñëèí çà ñòðåñîâèõ óìîâ.

Îòðèìàíà â ïðîöåñ³ êë³òèííî¿ ñåëåêö³¿ 
ñò³éê³ñòü ìîæå ìàòè ÿê ãåíåòè÷íó, òàê ³ åï³-

Ðèñ. 6. Ïðèð³ñò ìàñè ñèðî¿ ðå÷îâèíè ñîëåñò³éêèõ êë³òèííèõ ë³í³é òðèòèêàëå íàïðèê³íö³ ïàñàæó 
íà ñåëåêòèâíîìó ñåðåäîâèù³ ç 0,6 Ì ìàí³òó

Ñîðò ‘Îáð³é’Ë³í³ÿ ‘38/1296’

Ñîëåñò³éê³ êë³òèíí³ ë³í³¿ Ñîëåñò³éê³ êë³òèíí³ ë³í³¿

Ðèñ. 7. Âì³ñò â³ëüíîãî ïðîë³íó â ñîëåñò³éêèõ êë³òèííèõ ë³í³é òðèòèêàëå

Ñîðò ‘Îáð³é’Ë³í³ÿ ‘38/1296’

Ñîëåñò³éê³ êë³òèíí³ ë³í³¿ Ñîëåñò³éê³ êë³òèíí³ ë³í³¿
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ãåíåòè÷íó ïðèðîäó [9]. Òîìó ÷åðåç ãåòåðî-
ãåíí³ñòü êàëþñ³â, ÿêó âîíè ÷àñòêîâî çáåð³ãà-
þòü íàâ³òü ï³ñëÿ òðèâàëîãî êóëüòèâóâàííÿ 
íà ñåëåêòèâíèõ ñåðåäîâèùàõ, ïî÷àòîê ðîñ-
ëèí³-ðåãåíåðàíòó ìîæå äàòè é íåñò³éêà êë³-
òèíà [9, 15]. Ó çâ’ÿçêó ç öèì íåîáõ³äíî ïðî-
âîäèòè àíàë³ç òîëåðàíòíîñò³ äî ñòðåñó îòðè-
ìàíèõ ðîñëèí-ðåãåíåðàíò³â. Íàä³éíî îö³íè-
òè ñò³éê³ñòü ðîñëèíè äî òîãî ÷è ³íøîãî ñòðå-

ñîðà ìîæíà, àíàë³çóþ÷è ¿¿ ð³ñò çà óìîâ 
øòó÷íî çìîäåëüîâàíîãî ñòðåñîâîãî ÷èííèêà. 
Òîìó íàñòóïíèì åòàïîì äîñë³äæåííÿ ñòàâ 
àíàë³ç ð³âíÿ ïåðåõðåñíî¿ ñò³éêîñò³ ðîñëèí-
ðåãåíåðàíò³â òðèòèêàëå, îòðèìàíèõ øëÿõîì 
ñåëåêö³¿ in vitro íà ñò³éê³ñòü äî àá³îòè÷íèõ 
ñòðåñîð³â. Âèÿâëåíî, ùî ï³ñëÿ òðüîõ ïàñà-
æ³â çáåð³ãàëè íîðìàëüíèé ð³ñò â³ä 46,7 äî 
89,5% ðîñëèí (òàáëèöÿ). 

Òàáëèöÿ
Ê³ëüê³ñòü ðåãåíåðàíò³â òðèòèêàëå ç ïåðåõðåñíîþ ñò³éê³ñòþ ïðîòè àá³îòè÷íèõ ñòðåñîð³â 

ï³ñëÿ ïåðåâ³ðêè íà ñòàá³ëüí³ñòü îçíàêè

Ãåíîòèï Êë³òèííà ë³í³ÿ Ê³ëüê³ñòü âèñàäæåíèõ 
ðîñëèí, øò.

Çáåð³ãàëè íîðìàëüíèé ð³ñò ï³ñëÿ 3-õ ïàñàæ³â
øò. %

Ë³í³ÿ ‘38/1296’

Êîíòðîëü 20 0 0
1Ë/îñ 8 5 62,5±18,3
2Ë/îñ 11 7 63,6±15,2
3Ë/îñ 17 12 70,6±11,4
4Ë/îñ 15 7 46,7±13,3
5Ë/îñ 19 17 89,5±7,2
1Ë/ñë 10 7 70,0±15,3
2Ë/ñë 12 8 66,7±14,2
3Ë/ñë 8 6 75,0±16,4
4Ë/ñë 19 10 52,6±11,8
5Ë/ñë 15 13 86,7±9,1

Ñîðò ‘Îáð³é’

Êîíòðîëü 20 0 0
1Ñ/îñ 8 7 87,5±12,5
2Ñ/îñ 7 5 71,4±18,4
3Ñ/îñ 11 7 63,6±15,2
4Ñ/îñ 13 10 76,9±12,2
1Ñ/ñë 8 7 87,5±12,5
2Ñ/ñë 6 4 66,7±21,1
3Ñ/ñë 12 6 50,0±15,1
4Ñ/ñë 7 5 71,4±18,4

Çàãàëîì, ó ë³í³¿ ‘38/1296’ ìîæíà âèä³ëè-
òè ñò³éê³ êë³òèíí³ ë³í³¿ 5Ë/îñ òà 5Ë/ñë, à â 
ñîðòó ‘Îáð³é’ – 1Ñ/îñ òà 1Ñ/ñë, ðîñëèíè-ðå-
ãåíåðàíòè ç ÿêèõ õàðàêòåðèçóâàëèñü íàé-
á³ëüøèì â³äñîòêîì âèæèâàííÿ ï³ñëÿ ä³¿ 
ñïåêòðó àá³îòè÷íèõ ñòðåñîð³â (ðèñ. 8). 

Îäåðæàí³ ðåçóëüòàòè ìîæóòü ñâ³ä÷èòè 
ïðî òå, ùî êë³òèíí³ ë³í³¿ òà ðîñëèíè-ðåãåíå-
ðàíòè, ÿê³ íîðìàëüíî ðîñëè ï³ñëÿ áàãàòîðà-
çîâîãî ïåðåíîñó íà ñåëåêòèâí³ ñåðåäîâèùà ç 
ìàí³òîì ³ õëîðèäîì íàòð³þ, ìàþòü ãåíåòè÷-
íî îáóìîâëåíó îçíàêó ñò³éêîñò³ äî ñòðåñîð³â.

Òàêèì ÷èíîì, ó ðåçóëüòàò³ ïîñë³äîâíî¿ ðî-
áîòè âèÿâëåíî ïåðåõðåñíó ñò³éê³ñòü îòðèìà-
íèõ êë³òèííèõ ë³í³é ³ ðîñëèí-ðåãåíåðàíò³â 
òðèòèêàëå îçèìîãî äî ñîëüîâîãî òà îñìîòè÷íî-
ãî ñòðåñ³â. Ðàí³øå äîñë³äíèêàìè [28] ìåòîäà-
ìè êë³òèííî¿ ñåëåêö³¿ çà âèêîðèñòàííÿ ñåëåê-
òèâíèõ ñèñòåì ³ç ñóëüôàòîì ³ õëîðèäîì íàò-
ð³þ áóëî îòðèìàíî êàëþñí³ ë³í³¿ öóêðîâèõ òà 
êîðìîâèõ áóðÿê³â, ñò³éê³ ÿê äî îêðåìèõ, òàê 
³ äî êîìïëåêñó ñòðåñîâèõ ÷èííèê³â, çîêðåìà 
òîêñèíó çáóäíèêà áàêòåð³îçó, íèçüêèõ ïëþñî-
âèõ òåìïåðàòóð, à òàêîæ äî îäíîãî ç òèï³â 

                          à                                                  á

Ðèñ. 8. Ðîñëèíè-ðåãåíåðàíòè òðèòèêàëå 
ï³ñëÿ êóëüòèâóâàííÿ íà ñåëåêòèâíèõ ñåðåäîâèùàõ 

ç 1,2% õëîðèäó íàòð³þ òà 0,6 Ì ìàí³òó:
à – ñò³éêà ðîñëèíà; á – íåñò³éêà ðîñëèíà

çàñîëåííÿ – õëîðèäíîãî ÷è ñóëüôàòíîãî. Ïå-
ðåâ³ðêà ñòàá³ëüíîñò³ îçíàê ñò³éêîñò³ äî êîìï-
ëåêñó ñòðåñîâèõ ÷èííèê³â çàñâ³ä÷èëà ðåçèñ-
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òåíòí³ñòü á³ëüøîñò³ êàëþñíèõ ë³í³é áóðÿê³â 
òà îòðèìàíèõ ³ç íèõ ðîñëèí-ðåãåíåðàíò³â. 
Ï³äâèùåíà òîëåðàíòí³ñòü äî ñîë³ âèÿâëåíà â 
ðåãåíåðàíòàõ ïøåíèö³, ³íäóêîâàíèõ ç³ ñò³é-
êèõ äî îñìîòè÷íîãî ñòðåñó (ìàí³òó) êë³òèííèõ 
ë³í³é [17]. Çà ñåëåêòèâíî¿ ñèñòåìè ç ïîë³åòè-
ëåíãë³êîëåì îòðèìàíî ñîëåñò³éê³ êëîíè ðèñó 
[16]. Ñåðåä ðîñëèí êóêóðóäçè, ðåãåíåðîâàíèõ 
ç³ ñò³éêèõ äî ìàí³òó êàëþñ³â, â³ä³áðàíî ôîðìè 
ç ï³äâèùåíîþ òîëåðàíòí³ñòþ íå ëèøå äî âîä-
íîãî äåô³öèòó, à é äî çàñîëåííÿ, íèçüêèõ 
ïëþñîâèõ ³ ì³íóñîâèõ òåìïåðàòóð [15]. Îòæå, 
äîñë³äæåííÿ ïðèðîäè àäàïòèâíèõ ðåàêö³é 
ðîñëèí äî ä³¿ ð³çíèõ ñòðåñ³â ñâ³ä÷àòü ïðî íà-
ÿâí³ñòü ÿê ñïåöèô³÷íèõ, òàê ³ çàãàëüíèõ ìå-
õàí³çì³â ñò³éêîñò³, çàâäÿêè ÿêèì ðåçèñòåíò-
í³ñòü äî îäíîãî íåñïðèÿòëèâîãî ÷èííèêà ìîæå 
ï³äâèùèòè òîëåðàíòí³ñòü ³ äî ³íøîãî.

Âèñíîâêè
Ïåðåâ³ðêà îçíàê ñò³éêîñò³ äî àá³îòè÷íèõ 

ñòðåñîð³â çàñâ³ä÷èëà äîñèòü âèñîêèé ð³âåíü 
ïåðåõðåñíî¿ òîëåðàíòíîñò³ îòðèìàíèõ êë³-
òèííèõ ë³í³é ³ ðîñëèí-ðåãåíåðàíò³â òðèòè-
êàëå îçèìîãî äî ñîëüîâîãî òà îñìîòè÷íîãî 
ñòðåñ³â. Ïîêàçàíî, ùî, íåçâàæàþ÷è íà íà-
ÿâí³ñòü ó ñåëåêòèâíîìó ñåðåäîâèù³ ñóáëå-
òàëüíî¿ êîíöåíòðàö³¿ ñòðåñ-ôàêòîðà (ìàí³òó/
õëîðèäó íàòð³þ), ñò³éê³ êë³òèíí³ ë³í³¿ òðè-
òèêàëå àêòèâíî ïðîäîâæóâàëè ðîñòè òà íà-
êîïè÷óâàòè á³îìàñó. Ñîëåñò³éê³ êë³òèíí³ ë³-
í³¿ îáîõ ãåíîòèï³â òðèòèêàëå îçèìîãî ïîð³â-
íÿíî ç êîíòðîëåì õàðàêòåðèçóâàëèñü òàêîæ 
äîñòîâ³ðíî âèùèì âì³ñòîì â³ëüíîãî ïðîë³íó 
çà ä³¿ ñåëåêòèâíèõ ÷èííèê³â. Ñò³éê³ñòü äî 
ñîëüîâîãî òà îñìîòè÷íîãî ñòðåñ³â âèä³ëåíèõ 
in vitro êë³òèí çáåðåãëàñÿ â ³íäóêîâàíèõ 
ðîñëèíàõ ³ íà ð³âí³ îðãàí³çìó çàáåçïå÷èëà 
ï³äâèùåííÿ òîëåðàíòíîñò³ äî àá³îòè÷íèõ 
ôàêòîð³â ñåðåäîâèùà. Îäåðæàí³ ðåçóëüòàòè 
ìîæóòü ñâ³ä÷èòè ïðî òå, ùî êë³òèíí³ ë³í³¿ 
òà ðîñëèíè-ðåãåíåðàíòè òðèòèêàëå ìàþòü 
ãåíåòè÷íî îáóìîâëåíó îçíàêó ñò³éêîñò³ äî 
ñòðåñîâèõ ôàêòîð³â. Ïîêàçàíî, ùî çàâäÿêè 
çàãàëüíèì íåñïåöèô³÷íèì ìåõàí³çìàì ñò³é-
êîñò³ ðåçèñòåíòí³ñòü êàëþñíèõ êóëüòóð òðè-
òèêàëå äî îäíîãî àá³îòè÷íîãî ñòðåñîðà ìîæå 
ï³äâèùóâàòè òîëåðàíòí³ñòü ³ äî ³íøîãî.
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Öåëü. Ïðîàíàëèçèðîâàòü óðîâåíü ïåðåêðåñòíîé óñòîé-
÷èâîñòè ïîëó÷åííûõ ñîëå- è îñìîóñòîé÷èâûõ êëåòî÷íûõ 
ëèíèé è ðàñòåíèé-ðåãåíåðàíòîâ òðèòèêàëå îçèìîãî ê îñìî-
òè÷åñêîìó è ñîëåâîìó ñòðåññàì. Ìåòîäû. Êóëüòóðû òêàíåé 
è îðãàíîâ in vitro, ñåëåêöèè in vitro, áèîõèìè÷åñêèå, ñòàòè-
ñòè÷åñêèé àíàëèç. Ðåçóëüòàòû. Óñòàíîâëåíî, ÷òî ñòàáèëü-
íîñòü ïðîÿâëåíèÿ ïðèçíàêà ïåðåêðåñòíîé óñòîé÷èâîñòè 
êàê ê ñîëåâîìó, òàê è îñìîòè÷åñêîìó ñòðåññàì ó ïîëó÷åí-
íûõ êëåòî÷íûõ ëèíèé òðèòèêàëå îçèìîãî áûëà íà äîñòàòî÷-
íî âûñîêîì óðîâíå – ê êîíöó øåñòîãî ïàññàæà âûæèâàëî 
îò 50 äî 76% êàëëóñîâ. Ïîêàçàíî, ÷òî, íåñìîòðÿ íà íàëè÷èå 
â ñåëåêòèâíîé ñðåäå ñóáëåòàëüíîé êîíöåíòðàöèè ñòðåññ-
ôàêòîðà (ìàííèòà/õëîðèäà íàòðèÿ), óñòîé÷èâûå êëåòî÷íûå 
ëèíèè òðèòèêàëå àêòèâíî ïðîäîëæàëè ñâîé ðîñò è íàêàïëè-
âàëè áèîìàññó. Âûÿâëåíî, ÷òî â ëèíèè ‘38/1296’ íàèáîëåå 
óñòîé÷èâûìè ê îñìîòè÷åñêîìó è ñîëåâîìó ñòðåññàì áûëè 
êëåòî÷íûå ëèíèè 5Ë/ñë è 5Ë/îñ ñîîòâåòñòâåííî, à ó ñîðòà 
‘Îáðèé’ – 1Ñ/ñë è 1Ñ/îñ ñîîòâåòñòâåííî, ïîñêîëüêó îíè èìå-
ëè ñàìóþ âûñîêóþ äîëþ æèâûõ êàëëóñîâ è ïðèðîñò áèî-
ìàññû â ñåëåêòèâíûõ óñëîâèÿõ, à ðàñòåíèÿ-ðåãåíåðàíòû èç 
íèõ – íàèâûñøèé óðîâåíü âûæèâàíèÿ ïîñëå âîçäåéñòâèÿ 
êîìïëåêñà àáèîòè÷åñêèõ ñòðåññîðîâ. Ñîëåóñòîé÷èâûå êëå-

òî÷íûå ëèíèè îáîèõ ãåíîòèïîâ òðèòèêàëå îçèìîãî ïî ñðàâ-
íåíèþ ñ êîíòðîëåì õàðàêòåðèçîâàëèñü òàêæå äîñòîâåðíî 
áîëåå âûñîêèì ñîäåðæàíèåì ñâîáîäíîãî ïðîëèíà ïðè äåé-
ñòâèè ñåëåêòèâíûõ ôàêòîðîâ. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò 
ñâèäåòåëüñòâîâàòü î òîì, ÷òî êëåòî÷íûå ëèíèè è ðàñòåíèÿ-
ðåãåíåðàíòû òðèòèêàëå èìåþò ãåíåòè÷åñêè îáóñëîâëåííûé 
ïðèçíàê óñòîé÷èâîñòè ê ñòðåññîâûì ôàêòîðàì. Âûâîäû. 
Ïðîâåðêà ïðèçíàêîâ óñòîé÷èâîñòè ê àáèîòè÷åñêèì ñòðåñ-
ñîðàì ïîêàçàëà äîñòàòî÷íî âûñîêèé óðîâåíü ïåðåêðåñòíîé 
òîëåðàíòíîñòè ïîëó÷åííûõ êëåòî÷íûõ ëèíèé îáîèõ ãåíîòè-
ïîâ òðèòèêàëå êàê ê ñîëåâîìó, òàê è ê îñìîòè÷åñêîìó ñòðåñ-
ñàì. Óñòîé÷èâîñòü ê ñîëåâîìó è îñìîòè÷åñêîìó ñòðåññàì 
âûäåëåííûõ in vitro êëåòîê ñîõðàíèëàñü â èíäóöèðîâàííûõ 
ðàñòåíèÿõ è íà óðîâíå îðãàíèçìà îáåñïå÷èëà ïîâûøåíèå 
òîëåðàíòíîñòè ê àáèîòè÷åñêèì ôàêòîðàì ñðåäû. Ïîêàçà-
íî, ÷òî áëàãîäàðÿ îáùèì íåñïåöèôè÷åñêèì ìåõàíèçìàì 
óñòîé÷èâîñòè ðåçèñòåíòíîñòü êàëëóñíûõ êóëüòóð òðèòèêàëå 
ê îäíîìó àáèîòè÷åñêîìó ñòðåññîðó ìîæåò ïðèâîäèòü ê ïî-
âûøåíèþ òîëåðàíòíîñòè è ê äðóãîìó.
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ñòðåññ, ñîëåâîé ñòðåññ, óñòîé÷èâîñòü, êëåòî÷íûå ëèíèè, 
ðàñòåíèÿ-ðåãåíåðàíòû.

UDC 561.143.6
Pykalo, S. V.1*, Dubrovna, O. V.2, & Hryniv, S. M.3 (2017). Cross-resistance of cell lines and plant regenerants 

of winter triticale to abiotic stressors. Plant Varieties Studying and Protection, 13(4), 387–395. 
https://doi.org/10.21498/2518-1017.13.4.2017.117746

1The V. M. Remeslo Myronivka Institute of Wheat, NAAS of Ukraine, Tsentralne, Myronivka district, Kyiv region, 08853, Ukraine, *e-mail: pykserg@ukr.net
2Institute of Plant Physiology and Genetics, NAS of Ukraine, 31/17 Vasylkivska Str., Kyiv, 03022, Ukraine
3Ukraine Institute for Plant Variety Examination, 15 Henerala Rodymtseva Str., Kyiv, 03041, Ukraine

Purpose. To analyze the level of cross-resistance of obtained 
salt- and osmotolerant cell lines and plants regenerants of win-
ter triticale to osmotic and salt stresses. Methods. Cultures of 
tissue and organs in vitro, in vitro breeding, biochemical, statis-
tical analysis. Results. It was established that the stability of 
cross-resistance trait display to saline and osmotic stresses in 
obtained cell lines of winter triticale was rather high – from 50 
to 76% of calli have survived to the end of the sixth passage. 
It has been shown that despite the presence of sublethal con-
centrations of the stress-factor (mannitol/sodium chloride) in 
selective medium, stable cell lines of the triticale actively con-
tinued to grow and accumulate biomass. It was found that in 
the line ‘38/1296’ cell lines 5L/sl and 5L/os respectively were 
the most resistant to osmotic and salt stresses, and lines 1C/s1 
and 1C/os respectively in the ‘Obrii’ variety, since they had the 
highest percent of living calli and biomass increment under the 
selective conditions and their plant regenerant – the highest 
level of survival after the impact of the abiotic stressors com-

plex. The salt-resistant cell lines of both genotypes of winter 
triticale as compared to the control were also characterized by 
significantly higher free proline content under the selective 
factors impact. The results obtained may indicate that the cell 
lines and triticale plant regenerants have a genetically deter-
mined trait of resistance to stress factors. Conclusions. Verifi-
cation of traits of resistance to abiotic stressors has shown a 
significantly high level of cross-tolerance of the obtained cell 
lines of both triticale genotypes for saline and osmotic stresses. 
Resistance to saline and osmotic stresses of cells separated in 
vitro was preserved in induced plants and at the organism level 
has increased tolerance to abiotic environmental factors. It 
is shown that due to the general non-specific mechanisms of 
resistance, the capacity of the callus cultures of triticale to re-
sist to one abiotic stressor can lead to increased tolerance for 
another one.

Keywords: winter triticale, osmotic stress, saline stress,             
resistance, cell lines, plant regenerants. 
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