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Íà äâîõ ãåíîòèïàõ ðîìàøêè àïòå÷íî¿ – ñîðòó Ïåð-
ëèíà ë³ñîñòåïó òà éîãî ìóòàíòó äîñë³äæåíî çâ’ÿçîê 
ñòèìóëÿö³¿ íàãðîìàäæåííÿ íèçüêîìîëåêóëÿðíèõ àíòè-
îêñèäàíò³â ó ôàðìàöåâòè÷í³é ñèðîâèí³ ðîñëèí (ñóöâ³ò-
òÿõ) ç îçíàêàìè ðàä³àö³éíî-³íäóêîâàíî¿ íåñòàá³ëüíîñò³ 
ãåíîìó íà ñòàä³¿ öâ³ò³ííÿ ðîñëèí çà óìîâ ðåíòãåí³â-
ñüêîãî ïåðåäïîñ³âíîãî îïðîì³íåííÿ íàñ³ííÿ ïðè äîçàõ 
5–15 Ãð. Äîñë³äæåííÿ ïåðåáóäîâ ïåðâèííî¿ ñòðóêòóðè 
ÄÍÊ çà óìîâ ð³çíèõ äîç îïðîì³íåííÿ çä³éñíåíî øëÿõîì
ïðîâåäåííÿ ÏËÐ ç âèêîðèñòàííÿì âîñüìè ISSR- òà 
äåñÿòè RAPD-ïðàéìåð³â. Çàëåæí³ â³ä äîçè îïðîì³íåí-
íÿ çì³íè ñïåêòð³â àìïë³êîí³â ïðè ïðîâåäåíí³ ISSR – 
RAPD – ÏËÐ ïðîàíàë³çîâàíî ç âèêîðèñòàííÿì ³íäåêñó 
ïîä³áíîñò³ Æàêêàðäà. Âñòàíîâëåíî, ùî íàéá³ëüø³  ïå-
ðåáóäîâè ïåðâèííî¿ ñòðóêòóðè ÄÍÊ îáîõ ãåíîòèï³â, 
ùî ïðîÿâëÿºòüñÿ ó çíèæåíí³ ïîä³áíîñò³ ç êîíòðîëü-
íèìè ñïåêòðàìè àìïë³êîí³â, ñïîñòåð³ãàºòüñÿ ïðè  äî-
çàõ îïðîì³íåííÿ 5–10 Ãð. Âèÿâëåíî òåíäåíö³þ äî íà-
áëèæåííÿ öüîãî ïîêàçíèêà äî êîíòðîëüíîãî ïðè äîç³ 
îïðîì³íåííÿ 15 Ãð, ùî îçíà÷àº ï³äâèùåííÿ åôåêòèâ-
íîñò³ ðåïàðàòèâíèõ ïðîöåñ³â. Ïîêàçàíî çâ’ÿçîê ì³æ 
ïîë³ìîðô³çìîì ïåðâèííî¿ ñòðóêòóðè  ÄÍÊ çà ISSR- 
RAPD- ïîñë³äîâíîñòÿìè ó ð³çíèõ ãåíîòèï³â òà õàðàê-
òåðîì ¿¿ ïåðåáóäîâè ïðè îïðîì³íåíí³. Ñï³âñòàâëåííÿ 
öèõ ðåçóëüòàò³â ç íåìîíîòîííèìè äîçîâèìè çàëåæ-
íîñòÿìè çì³í ïèòîìîãî âì³ñòó ôëàâîíî¿ä³â ³ ôåíîë³â, 
äîçâîëÿº çðîáèòè âèñíîâîê ïðî ñòèìóëÿö³þ àíòèîêñè-
äàíòíîãî çàõèñòó ïðè äîçàõ, ùî â³äïîâ³äàþòü íèçü-
êèé åôåêòèâíîñò³ ðåïàðàö³éíèõ ïðîöåñ³â ³, â³äïîâ³ä-
íî, éîãî çíèæåííþ çà óìîâ îçíàê â³äíîâëåííÿ íîðìàëü-
íîãî ñòàíó ãåíåòè÷íîãî ìàòåð³àëó. Íàäàíî ³íòåðïðå-
òàö³þ âèÿâëåíîãî ôåíîìåíó íà îñíîâ³ â³äîìîãî çâ’ÿçêó 
åôåêò³â ãåíîìíî¿ íåñòàá³ëüíîñò³ ç ï³äâèùåííÿì ð³âíÿ 
àêòèâíèõ ôîðì êèñíþ ³ çàãàëüíèõ ïðèíöèï³â àíòèîê-
ñèäàíòíîãî çàõèñòó. Îáãîâîðþºòüñÿ çíà÷åííÿ îäåðæà-
íèõ ðåçóëüòàò³â â ðîçðîáö³ íàóêîâîãî ï³äãðóíòÿ âè-
êîðèñòàííÿ ìàëèõ äîç ³îí³çóþ÷îãî âèïðîì³íåííÿ â á³î-
òåõíîëîã³ÿõ, çîêðåìà â ôàðìàêîëîã³¿. 

Êëþ÷îâ³ ñëîâà: íåñòàá³ëüí³ñòü ãåíîìó, ïåðåäïîñ³âíå 
îïðîì³íåííÿ íàñ³ííÿ, âòîðèííèé ìåòàáîë³çì, á³îòåõ-
íîëîã³ÿ.

Ó çâ’ÿçêó ³ç çðîñòàííÿì âèêîðèñòàííÿ ðîñ-
ëèí â îô³ö³éí³é ìåäèöèí³, çá³ëüøóºòüñÿ ³ ð³ç-
íîìàí³òí³ñòü ï³äõîä³â äî îòðèìàííÿ á³ëüøî¿ 
ê³ëüêîñò³ ë³êàðñüêèõ ðå÷îâèí ç ö³º¿ ïðèðîä-
íî¿ ñèðîâèíè. Ïîðÿä ç ïîøóêîì íîâèõ âèä³â, 
ÿê³ ìàþòü ë³êóâàëüí³ âëàñòèâîñò³, âèâåäåííÿì 
á³ëüø ïðîäóêòèâíèõ ñîðò³â, âèêîðèñòîâóºòüñÿ 
ïåðåíàïðàâëåííÿ ìåòàáîë³çìó îðãàí³çì³â ó á³ê 
çá³ëüøåííÿ íåîáõ³äíèõ äëÿ ïðàêòèêè ðå÷îâèí. 
Ó òîé ÷àñ ÿê äëÿ ðîçâ’ÿçàííÿ öüîãî ïèòàííÿ 
ãåíåòè÷íà ³ ìåòàáîë³÷íà ³íæåíåð³ÿ ôîêóñóþòü-
ñÿ íà ãåíåòè÷í³é òðàíñôîðìàö³¿ îðãàí³çì³â, 
äîñâ³ä âèâ÷åííÿ çàõèñíèõ ðåàêö³é âêàçóº íà 
ìîæëèâ³ñòü âèêîðèñòàííÿ äëÿ ïåðåîð³ºíòàö³¿ 
ìåòàáîë³çìó ðîñëèí âïëèâó ñòðåñîâèõ ôàêòîð³â  
(Winkel-Shirley, 2002; Alothman, Bhat, Karim  
2009; Aypar, Morgan, Baulch, 2010; Sumira, Par-
ween, Siddiqi, 2012).

Îäíèì ç åôåêòèâíèõ ï³äõîä³â º âèêîðèñ-
òàííÿ ³îí³çóâàëüíîãî òà ÓÔ îïðîì³íåííÿ. Ïðè 
ãîñòðîìó òà õðîí³÷íîìó îïðîì³íåíí³ ñïîñòå-
ð³ãàºòüñÿ çñóâ ìåòàáîë³÷íèõ ïðîöåñ³â ó á³ê óò-
âîðåííÿ ðå÷îâèí âòîðèííîãî ìåòàáîë³çìó, äî 
ñêëàäó ÿêèõ âõîäèòü á³ëüø³ñòü ðàä³îïðîòåêòî-
ð³â, ùî ìàþòü àíòèîêñèäàíòíó, àíòèêàíöåðî-
ãåííó, ³ìóíîìîäóëþþ÷ó ³ ïðîòèçàïàëüíó ä³þ 
òà ìàþòü çàñòîñóâàííÿ â ôàðìàêîëîã³¿ (Croft 
1998; Halliwell, 1999; Khattak, Simpson, 2008; 
Alothman, Bhat, Karim, 2009, Sumira, Parween, 
Siddiqi, 2012).

Ðàçîì ç öèì ñòèìóëÿö³ÿ íàïðàöþâàííÿ øè-
ðîêî¿ ãðóïè àíòèîêñèäàíò³â, ùî ìàþòü çíà÷åí-
íÿ äëÿ ôàðìàêîëîã³¿,  â³äîáðàæàº ò³ëüêè îäíó 
³ç ñêëàäîâèõ ñèñòåìíî¿ â³äïîâ³ä³ îðãàí³çìó íà 
îïðîì³íåííÿ, ÿêà âêëþ÷àº êð³ì ñòèìóëÿö³¿ ð³ç-
íîìàí³òíèõ çàõèñíèõ ³  â³äíîâëþâàëüíèõ ïðî-
öåñ³â ðîçâèòîê ðàä³àö³éíîãî óðàæåííÿ. 

Ãåíîì êë³òèíè º ãîëîâíîþ ì³øåííþ ðàä³-
àö³éíîãî âïëèâó (Kim, Ryu, Lee, 2019). Äàí³ 
îñòàíí³õ äåñÿòèë³òü ñâ³ä÷àòü ïðî âðàçëèâ³ñòü 
ÄÍÊ ÿê ï³ä âïëèâîì êîíñòèòóòèâíèõ âíóòð³ø-
íüîêë³òèííèõ ôàêòîð³â, òàê ³ çîâí³øíèõ âïëè-
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â³â (Durkin, Glover, 2007; Aguilera García-Muse, 
2013), à òàêîæ ïðî ³ñíóâàííÿ ð³çíîìàí³òòÿ ìå-
õàí³çì³â çàõèñòó ³ ðåïàðàö³¿, ùî îáóìîâëþþòü 
óñï³õ â ïåðåäà÷³ ñïàäêîâî¿ ³íôîðìàö³¿. Âèâ÷åí-
íÿ åôåêò³â ìàëèõ äîç íà ð³çíèõ á³îëîã³÷íèõ 
ñèñòåìàõ, âèÿâèëî ïîÿâó ìíîæèííèõ ãåíåòè÷-
íèõ óøêîäæåíü çà óìîâ ïðÿìî¿ ÷è íåïðÿìî¿ ä³¿ 
îïðîì³íåííÿ, ÿâèùà, ÿêå óâ³éøëî ó íàóêîâó 
òåðì³íîëîã³þ ï³ä íàçâîþ ðàä³àö³éíî – ³íäóêîâà-
íî¿ íåñòàá³ëüíîñò³ ÄÍÊ (Aypar, Morgan, Baulch, 
2010; Aguilera, García-Muse, 2013). Çà ñó÷àñíè-
ìè óÿâëåííÿìè, ðàä³àö³éíî – ³íäóêîâàíà íå-
ñòàá³ëüí³ñòü ãåíîìó (Ð²ÍÃ, RIGI) – öå âèíèê-
íåííÿ de novo ìíîæèííèõ ãåíåòè÷íèõ óøêî-
äæåíü ó çíà÷í³é ê³ëüêîñò³ (äî 30 %) íàùàäê³â 
îïðîì³íåíèõ êë³òèí, ùî ñóïðîâîäæóºòüñÿ ï³ä-
âèùåííÿì ð³âíÿ àêòèâíèõ ôîðì êèñíþ (ÀÔÊ), 
àêòèâàö³¿ ìîá³ëüíèõ åëåìåíò³â, ³íøèõ åï³ãåíå-
òè÷íèõ ïåðåáóäîâ (Tominaga, Kodama, Matsuda 
N, 2004; Szumiel, 2015; Kravets, Sokolova, 2020). 

Ñàìå âçàºìîä³ÿ öèõ äâîõ ãðóï ïðîöåñ³â – 
ðîçâèòêó óðàæåííÿ òà çàõèñíèõ ðåàêö³é âèçíà-
÷àº ðåçóëüòàò á³îòåõíîëîã³÷íîãî âèêîðèñòàííÿ 
îïðîì³íåííÿ.

Íåçâàæàþ÷è íà íàãðîìàäæåííÿ çíà÷íîãî 
åêñïåðèìåíòàëüíîãî ìàòåð³àëó ïî öüîìó ïèòàí-
íþ, çàëèøàþòüñÿ ìàëîâ³äîìèìè ìîæëèâ³ñòü ³ 
òðèâàë³ñòü çáåðåæåííÿ ãåíîìíî¿ íåñòàá³ëü-
íîñò³ ó ö³ë³ñíîìó îðãàí³çì³ ï³ñëÿ ãîñòðîãî îï-
ðîì³íåííÿ, ³ éîãî çâ’ÿçîê ç ôîðìóâàííÿì çà-
õèñíèõ ðåàêö³é, çîêðåìà àíòèîêñèäàíòíîãî çà-
õèñòó, ó íåîïðîì³íåíèõ áåçïîñåðåäíüî ñòðóê-
òóðàõ ðîñëèíè.     

Ö³ ïèòàííÿ áóëî äîñë³äæåíî íà ïîøèðå-
í³é ë³êàðñüê³é ðîñëèí³ – ðîìàøö³ àïòå÷í³é 
(Ìatricaria chamomilla L). 

Ìåòîþ äîñë³äæåííÿ áóëî âèÿâëåííÿ îçíàê 
ãåíîìíî¿ íåñòàá³ëüíîñò³ íà ñòàä³¿ öâ³ò³ííÿ ðîñ-
ëèíè çà óìîâ ïåðåäïîñ³âíîãî ðåíòãåí³âñüêîãî 
îïðîì³íåííÿ ñóõîãî íàñ³ííÿ, òà çâ’ÿçêó öüîãî 
ÿâèùà ³ç ñòèìóëÿö³þ íàãðîìàäæåííÿ íèçüêî-
ìîëåêóëÿðíèõ àíòèîêñèäàíò³â ó ôàðìàöåâòè÷-
í³é ñèðîâèí³ ðîñëèíè (ñóöâ³òòÿõ) äâîõ ãåíîòè-
ï³â ðîìàøêè àïòå÷íî¿.

Ìàòåð³àëè ³ ìåòîäè. Äîñë³äæåííÿ â óìîâàõ 
âåãåòàö³éíîãî äîñë³äó ïðîâåäåíî íà äâîõ ãåíî-
òèïàõ ðîìàøêè àïòå÷íî¿ – Ïåðëèí³ ë³ñîñòå-
ïó, óêðà¿íñüêî¿ ñåëåêö³¿ òà ¿¿ ìóòàíòó. Ìóòàíò 
îäåðæàíî øëÿõîì îáðîáêè ãåðá³öèäîì Ðàóí-
äàï ÌÀÊÑ 450 ã/ë ãë³ôîñàòó ó êèñëîòíîìó 

åêâ³âàëåíò³ 551 ã/ë. Íîðìà âíåñåííÿ – 2 ë/ãà 
(2 ë íà 250 ë âîäè).

Íàñ³ííåâèé ìàòåð³àë îäåðæàíî â³ä Äîñë³ä-
íî¿ ñòàíö³¿ ë³êàðñüêèõ ðîñëèí ²íñòèòóòó àãðî-
åêîëîã³¿ ³ ïðèðîäîêîðèñòóâàííÿ ÍÀÀÍ Óê-
ðà¿íè, Ëóáíè. Ïîïåðåäí³ äîñë³äæåííÿ ãåíî-
òèï³â ðîìàøêè àïòå÷íî¿ ñåëåêö³¿ ð³çíèõ ºâðî-
ïåéñüêèõ êðà¿í âèÿâèëè çíà÷íó ð³çíèöþ ô³-
ç³îëîã³÷íèõ ³ á³îõ³ì³÷íèõ õàðàêòåðèñòèê òà-
êîæ ³ öèõ äâîõ ãåíîòèï³â (Sokolova et al, 2021; 
Zhuk et al, 2021). Îö³íêà âíóòð³øíüîâèäîâèõ 
âçàºìîçâ’ÿçê³â íàéïîøèðåí³øèì ìåòîäîì (Poy-
raz, 2016) çà ISSR-RAPD – ïîë³ìîðô³çìîì ç 
âèêîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ UP-
GMA (äîñòóïíî ÷åðåç ²íòåðíåò http://genomes.
urv.cat/UPGMA/) âñòàíîâèëà, ùî êîåô³ö³ºíòè 
ïîä³áíîñò³ Æàêêàðäà öèõ ãåíîòèï³â çà ISSR–
ïîñë³äîâíîñòÿìè ñòàíîâëÿòü 0,477, çà RAPD –
ïîñë³äîâíîñòÿìè – 0,391, â³äïîâ³äíî. Íà ñüî-
ãîäí³ ìóòàíò Ïåðëèíè ë³ñîñòåïó çàëó÷åíî äî 
ñîðòîâèïðîáóâàííÿ: ïðîâåäåííÿ îö³íêè íà â³ä-
ì³íí³ñòü, îäíîð³äí³ñòü, ñòàá³ëüí³ñòü îçíàê.

Ñóõå íàñ³ííÿ îïðîì³íþâàëè íà ðåíòãåí³â-
ñüê³é óñòàíîâö³ ÐÓÌ-17 (Ðîñ³ÿ) ïðè äîçàõ 5, 
10, 15 Ãð, ïîòóæí³ñòü äîçè – 1,42 ñÃð/ñ, íà-
ïðóãà – 200 êÂ, ñèëà ñòðóìó 10 ìÀ, ô³ëüòð Ñu 
(0,5 ìì). Âèðîùóâàëè ïî 10 ðîñëèí íà ãîðùèê 
ç 1,5 êã ñóãëèí³ñòîãî ´ðóíòó. Íà îäèí âàð³àíò 
äîñë³äó âèêîðèñòîâóâàëè 5 ãîðùèê³â, òîáòî 
50 ðîñëèí. ÄÍÊ âèä³ëÿëè ç âåãåòàòèâíî¿ ìàñè 
ðîñëèí ó ôàçó öâ³ò³ííÿ, â³äá³ð ìàòåð³àëó â³ä-
áóâàâñÿ øëÿõîì çàáîðó ³ç âñ³õ ðîñëèí âàð³àíòó 
íåâåëèêî¿ ê³ëüêîñò³ òêàíèí ç ïîäàëüøèì ïå-
ðåì³øóâàííÿì òà óñåðåäíåííÿì áåçïîñåðåä-
íüî ïåðåä âèä³ëåííÿì ÄÍÊ. Óìîâè ñáîðó, ï³ä-
ãîòîâêè òà çáåð³ãàííÿ àïòå÷íî¿ ñèðîâèíè îïè-
ñàíî ïîïåðåäíüî (Sokolova et al, 2021).

²ñíóº äåê³ëüêà ï³äõîä³â äî âèÿâëåííÿ íå-
ñòàá³ëüíîñò³ ãåíîìó çà óìîâ ð³çíèõ âèä³â ³ äîç 
îïðîì³íåííÿ. Íàéá³ëüø ïîøèðåíèì º ìåòîä 
îö³íêè ñòàá³ëüíèõ ³ íåñòàá³ëüíèõ õðîìîñîìíèõ 
àáåðàö³é, ÿê³ ðîçãëÿäàþòüñÿ ÿê îäí³ ç îñíîâíèõ 
ìàðêåð³â ðàä³àö³éíîãî óðàæåííÿ ëþäèíè, òâà-
ðèí ³ ðîñëèí (IAEA, 2001). Íà ñüîãîäí³ íàáóëè 
øèðîêîãî ðîçïîâñþäæåííÿ ìîëåêóëÿðíî-ãå-
íåòè÷í³ ï³äõîäè (Kumari, Rastogi, Singh et al, 
2008), îäíèì ç ÿêèõ ³ äóæå ïåðñïåêòèâíèì ç 
îãëÿäó îö³íêè âðàçëèâîñò³ ïåâíèõ ïîñë³äîâíîñ-
òåé ÄÍÊ º ïðîâåäåííÿ ÏËÐ ç ð³çíèìè ðîäè-
íàìè ïðàéìåð³â. Öåé ï³äõ³ä áóëî çàñòîñîâàíî 



43ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

Çâ’ÿçîê ñòèìóëÿö³¿ àíòèîêñèäàíòíîãî çàõèñòó ðîñëèí ³ç îçíàêàìè íåñòàá³ëüíîñò³ ãåíîìó

ïðè äîñë³äæåíí³ ì³ðè óðàæåíîñò³ ð³çíèõ ïîñë³-
äîâíîñòåé ÄÍÊ çà óìîâ ð³çíèõ äîç ðåíòãåí³â-
ñüêîãî îïðîì³íåííÿ ç âèêîðèñòàííÿì 8 ISSR òà 
10 RAPD – ïðàéìåð³â. Ôîêóñóâàííÿ íà äîñë³-
äæåíí³ RAPD òà ISSR ì³êðîñàòåë³òíèõ ïîñë³-
äîâíîñòåé áàçóâàëîñü íà ïîïåðåäí³õ äàíèõ, ùî 
âèÿâèëè ïîÿâó àòèïîâèõ àìïë³êîí³â ñàìå ó öèõ 
ïîñë³äîâíîñòÿõ, ùî íåïðÿìèì ÷èíîì âêàçóº íà 
«â³äáðàê³âêó» á³ëüø âàãîìèõ ïîðóøåíü ÄÍÊ â 
«òî÷êàõ ïåðåâ³ðêè» ³ ì³òîç³ (Sokolova, Vengzhen, 
Kravets, 2013).    

Äëÿ âèä³ëåííÿ ÄÍÊ âèêîðèñòîâóâàëè íàá³ð 
ðåàãåíò³â ZymoResearch (Quick-DNA Plant/Seed 
Miniprep Kit) çã³äíî ç ïðîòîêîëîì ô³ðìè-âè-
ðîáíèêà. Ïåðåâ³ðêó íàòèâíîñò³ âèä³ëåíî¿ ÄÍÊ 
ïðîâîäèëè â 1,7%-ìó àãàðîçíîìó ãåë³ ç ÒÁÅ-
áóôåðîì, â³çóàë³çóâàëè çà ïðèñóòíîñò³ áðîìèñ-
òîãî åòèä³þ  íà UV-òðàíñ³ëþì³íàòîð³ òà ôî-
òîãðàôóâàëè. Ïðè ïîñòàíîâö³ åëåêòðîôîðåçó â 
«êèøåí³» ãåëþ âíîñèëè ïî 5 ìêë ðîç÷èíó ÄÍÊ. 
ßê ìàðêåð ìîëåêóëÿðíî¿ ìàñè âèêîðèñòîâóâàëè 
GeneRuler 50 ï.í. Äëÿ ïðîâåäåííÿ ÏËÐ âèêî-
ðèñòîâóâàëè äâà òèïè ïðàéìåð³â: ÎÐÀ òà ISSR 
(«Metabion», Í³ìå÷÷èíà) ³ ãîòîâó ñóì³ø ðåà-
ãåíò³â äëÿ àìïë³ô³êàö³¿ ÄÍÊ PCR MIX 2x-R 
(«Neogene», Óêðà¿íà). Íóêëåîòèäí³ ïîñë³äîâ-
íîñò³ ïðàéìåð³â íàâåäåíî â òàáëèö³ 1.

Ðåàêö³éíà ñóì³ø äëÿ ÏËÐ îá’ºìîì 25 ìêë 
ì³ñòèëà: 12,5 ìêë PCR MIX 2x-R, 1,75 ìêë 
ïðàéìåðà, 5,75 ìêë äå³îí³çîâàíî¿ âîäè ³ 5 ìêë 
òîòàëüíî¿ ãåíîìíî¿ ÄÍÊ. Àìïë³ô³êàö³ÿ ç ISSR-

ïðàéìåðàìè âêëþ÷àëà íàñòóïí³ åòàïè: ïî÷àò-
êîâó äåíàòóðàö³þ 4 õâ ïðè 94 °Ñ, 40 öèêë³â; 
äåíàòóðàö³þ ïðè 94 °Ñ – 45 ñ, â³äïàë – 45 ñ 
(òåìïåðàòóðà ð³çíà äëÿ êîæíîãî ïðàéìåðà, çà-
çíà÷àºòüñÿ âèðîáíèêîì), åëîíãàö³þ ïðè 72 °Ñ –
45 ñ; ê³íöåâà åëîíãàö³ÿ òðèâàëà 7 õâ ïðè 72 °Ñ.
àìïë³ô³êàö³ÿ ç ÎÐÀ-ïðàéìåðàìè âêëþ÷àëà íà-
ñòóïí³ åòàïè: ïî÷àòêîâó äåíàòóðàö³þ 5 õâ ïðè 
94 °Ñ, 40 öèêë³â; äåíàòóðàö³þ ïðè 94 °Ñ – 
40 ñ, â³äïàë – 40 ñ (òåìïåðàòóðà ð³çíà äëÿ êîæ-
íîãî ïðàéìåðà, çàçíà÷àºòüñÿ âèðîáíèêîì), 
åëîíãàö³þ ïðè 72 °Ñ – 2 õâ; ê³íöåâà åëîíãàö³ÿ 
òðèâàëà 10 õâ ïðè 72 °Ñ. 

Îòðèìàí³ ïðîäóêòè ÏËÐ ðîçä³ëÿëè â 1,7%-
âîìó àãàðîçíîìó ãåë³ ç ÒÁÅ-áóôåðîì çà ïðè-
ñóòíîñò³ áðîìèñòîãî åòèä³þ òà â³çóàë³çóâàëè íà 
UV-òðàíñ³ëþì³íàòîð³. Ïðè ïîñòàíîâö³ åëåê-
òðîôîðåçó â «êèøåí³» ãåëþ âíîñèëè îäíàêî-
âèé îá’ºì ïðîäóêò³â ÏËÐ ³ ðåñòðèêö³¿ (5 ìêë). 
ßê ìàðêåð ìîëåêóëÿðíî¿ ìàñè âèêîðèñòîâó-
âàëè GeneRuler 50 ï.í.

Åêñòðàêö³þ ôëàâîíî¿ä³â ³ ôåíîë³â ïðîâî-
äèëè çà çàãàëüíî ïðèéíÿòèìè ìåòîäàìè (Croft, 
1998). Ñóõó ðîñëèííó ìàñó êâ³òîê (50 ìã) ìà-
öåðóâàëè ó êåðàì³÷í³é ñòóïö³, à ïîò³ì âèòðè-
ìóâàëè ó 5 ìë 70%-âîìó åòàíîë³ ïðè 24 °Ñ 
âïðîäîâæ 72 ãîä, ï³ñëÿ ÷îãî ô³ëüòðóâàëè, äî-
âîäèëè ê³ëüê³ñòü ô³ëüòðàòó 70%-âèì åòàíîëîì 
äî ïî÷àòêîâîãî îá’ºìó ³ öåíòðèôóãóâàëè. Äî 
0,5 ìë åêñòðàêòó äîäàâàëè 0,5 ìë 2%-âîãî 
ðîç÷èíó õëîðèäó àëþì³í³þ ó åòàíîë³ òà 2 ìë 

Òàáëèöÿ 1. Íàçâè ³ íóêëåîòèäí³ ïîñë³äîâíîñò³ ISSR -ïðàéìåð³â

Ïðàéìåð Ïîñë³äîâí³ñòü Ïðàéìåð Ïîñë³äîâí³ñòü

ISSR 5
ISSR 807
ISSR 810
ISSR 825

5�-CAC ACA CAC ACA CAC AAC-3�
5�-AGA GAG AGA GAG AGA GT-3�
5�-GAG AGA GAG AGA GAG-3�
5�-ACA CAC ACA CAC ACA CT-3�

ISSR 826
ISSR 24
ISSR 834
ISSR 842

5�-ACA CAC ACA CAC ACA CC-3�
5�-AGA GAG AGA GAG AGA GGC-3�
5�-AGA GAG AGA GAG AGA GCT T-3�
5�-GAG AGA GAG AGA GAG ACT G-3�

Òàáëèöÿ 2. Íàçâè ³ íóêëåîòèäí³ ïîñë³äîâíîñò³ RAPD –ïðàéìåð³â

Ïðàéìåð Ïîñë³äîâí³ñòü Ïðàéìåð Ïîñë³äîâí³ñòü

ÎÐÀ-01
ÎÐÀ-02
ÎÐÀ-03
ÎÐÀ-04
ÎÐÀ-05

5�-CAG GCC CTT C-3�
5�-TGC CGA GCT G-3�
5�-AGT CAG CCA C-3�
5�-AAT CGG GCT G-3�
5�-AGG GGT CTT G-3�

ÎÐÀ-06
ÎÐÀ-07
ÎÐÀ-08
ÎÐÀ-09
ÎÐÀ-10

5�-GGT CCC TGA C-3�
5�-GAA ACG GGT G-3�
5�-GTG ACG TAG G-3�
5�- GGG TAA CGC C-3�
5�-GTG ATC GCA G-3�
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70%-âîãî åòàíîëó. Ðîç÷èí ïîð³âíÿííÿ ì³ñòèâ 
0,5 ìë åêñòðàêòó, 1 êðàïëþ îöòîâî¿ êèñëîòè, 
ùî â³äïîâ³äàº 0,025 ìë, òà 2,5 ìë 70%-âîãî 
åòàíîëà. Âèçíà÷åííÿ âì³ñòó ôëàâîíî¿ä³â ïðî-
âîäèëè çà óòâîðåííÿì êîìïëåêñó ôëàâîíî¿ä-
àëþì³í³é, ùî ìàº æîâòå çàáàðâëåííÿ. ×åðåç 
20 õâ ³íêóáàö³¿ âèì³ðþâàëè îïòè÷íó ãóñòèíó 
ðîç÷èíó íà ñïåêòðîôîòîìåòð³ ÑÔ-46 çà äî-
âæèíè õâèë³ 410 íì ïðîòè ðîç÷èíó ïîð³âíÿííÿ, 
âèçíà÷àëè êîíöåíòðàö³þ ñóìè ôëàâîíî¿ä³â ïî 
êàë³áðóâàëüíîìó ãðàô³êó ðóòèíó òà âèðàæàëè â 
ìã ðóòèíîâîãî åêâ³âàëåíòó. Âì³ñò ñóìè ôåíîë³â 
âèçíà÷àëè ç òîãî æ åêñòðàêòó, ùî ³ ôëàâîíî¿äè. 
Äî 0,1 ìë åêñòðàêòó äîäàâàëè 0,5 ìë (1/10 ðîç-
âåäåíîãî) ðåàêòèâó Ôîë³íà-×îêàëüòåó òà 1 ìë 
äèñòèëüîâàíî¿ âîäè, ïåðåì³øóâàëè òà âèòðèìó-
âàëè çà ê³ìíàòíî¿ òåìïåðàòóðè 1 õâ. ×åðåç 1 
õâ äîäàâàëè 1,5 ìë 20%-âîãî ðîç÷èíó Na2CO3, 
ïåðåì³øóâàëè òà ³íêóáóâàëè â òåìíîò³ âïðî-
äîâæ 2 ãîä çà ê³ìíàòíî¿ òåìïåðàòóðè. Âèçíà÷à-
ëè îïòè÷íó ãóñòèíó ðîç÷èíó ñèíüîãî êîëüîðó 
çà äîâæèíè õâèë³ 760 íì íà ñïåêòðîôîòîìåòð³ 
ïðîòè ïðîáè, ùî ì³ñòèòü 0,1 ìë 70%-âîãî åòà-
íîëà çàì³ñòü åêñòðàêòó òà âèðàæàëè ó ìã ãàëîâî¿ 
êèñëîòè åêâ³âàëåíòó (ÃÊÅ) (ïî êàë³áðóâàëü-
íîìó ãðàô³êó) íà ã ñóõî¿ ìàñè.

Äëÿ õàðàêòåðèñòèêè çì³í íàáîð³â àìïë³êî-
í³â ïðè ïðîâåäåíí³ ISSR- RAPD-ÏËÐ êîíò-
ðîëüíèõ ³ îïðîì³íåíèõ âàð³àíò³â âèêîðèñòàíî 
äâà ïîêàçíèêè. Ïîêàçíèê «% àòèïîâèõ àìïë³-
êîí³â» ðîçðàõîâóâàëè ÿê â³äíîøåííÿ ê³ëüêîñ-
ò³ â³äì³ííèõ â³ä êîíòðîëüíèõ àìïë³êîí³â äî 
¿õ çàãàëüíî¿ ê³ëüêîñò³; äëÿ îö³íêè çíà÷óùîñò³  
ð³çíèö³ ñåðåäí³õ ïîêàçíèê³â äëÿ ð³çíèõ âàð³-
àíò³â äîñë³äó âèêîðèñòàíî íåïàðàìåòðè÷íèé 
Õ-êðèòåð³é Âàí-äåð-Âàðäåíà (Lakin, 1980). 
Â ÿêîñò³ ïîêàçíèêà çì³í ñïåêòð³â àìïë³êîí³â 
ð³çíî¿ äîâæèíè âèêîðèñòàíî êîåô³ö³ºíò ïîä³á-
íîñò³ Æàêêàðäà (Eliseeva, Rukavishnikov,1977). 
Ðîçðàõóíêè ïðîâåäåíî ç âèêîðèñòàííÿì ïðî-
ãðàìíîãî çàáåçïå÷åííÿ  UPGMA (äîñòóïíî ÷å-
ðåç ²íòåðíåò http://genomes.urv.cat/UPGMA/).

Ïðè ïðîâåäåíí³ àíàë³çó çì³í ïèòîìîãî âì³ñ-
òó íèçüêîìîëåêóëÿðíèõ àíòèîêñèäàíò³â âè-
çíà÷àëè ñåðåäí³ àðèôìåòè÷í³ âåëè÷èíè (Õ) òà 
¿õ ñðåäíüîêâàäðàòè÷í³ â³äõèëåííÿ (Sx). Äî-
ñòîâ³ðí³ñòü â³äì³ííîñòåé ì³æ âàð³àíòàìè äî-
ñë³äó îö³íþâàëè çà ïàðàìåòðè÷íèì t-êðèòåð³-
ºì Ñòüþäåíòà, äîâ³ð÷èé ³íòåðâàë, Ð= 0,95 (La-
kin, 1980).

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Îãëÿä îäåðæà-
íèõ åëåêòðîôîðåãðàì (ðèñ. 1, 2) ñâ³ä÷èòü ïðî 
íàÿâí³ñòü çíà÷íèõ â³äì³ííîñòåé ó ê³ëüêîñò³ òà 
äîâæèí³ àìïë³êîí³â ïðè RAPD – ISSR-ÏËÐ 
àíàë³ç³ ó êîíòðîëüíèõ âàð³àíò³â äâîõ äîñë³-
äæåíèõ ãåíîòèï³â ðîìàøêè ë³êàðñüêî¿ òà ïîÿâ³ 
ð³çíîìàí³òíèõ àìïë³êîí³â ïðè îïðîì³íåíí³. Â 
ðåçóëüòàò³ îïðîì³íåííÿ ñïîñòåð³ãàºòüñÿ ïîÿâà 
â³äì³ííèõ â³ä êîíòðîëþ, àòèïîâèõ àìïë³êîí³â 
ÿê á³ëüøî¿, òàê ³ ìåíøî¿ äîâæèíè. ²íòåðïðå-
òàö³ÿ öèõ ðåçóëüòàò³â ìàº âðàõîâóâàòè ðåçóëü-
òàòè äîñë³äæåíü ãåíîìó, ùî áàçóºòüñÿ ÿê íà 
âèêîðèñòàíí³ á³îõ³ì³÷íèõ ìîëåêóëÿðíî-ãåíåòè÷-
íèõ, òàê ³ öèòîãåíåòè÷íèõ ìåòîä³â, ùî íàäàëè 
áàãàòó ³íôîðìàö³þ ïðî ìîæëèâîñò³ ñïîíòàí-
íèõ òà ³íäóêîâàíèõ çì³í ãåíåòè÷íîãî àïàðàòó. 
Ãîëîâíîþ ïðè÷èíîþ óòâîðåííÿ õðîìîñîìíèõ  
àáåðàö³é º âèíèêíåííÿ ïîäâ³éíîãî ðîçðèâó 
ÄÍÊ òà éîãî ïîìèëêîâî¿ ðåïàðàö³¿. Ïðè öüî-
ìó ìîæëèâà âòðàòà ÷àñòèíè õðîìîñîìè (³íòåð-
êàëÿðí³ ³ òåðì³íàëüí³ ä³ëåö³¿), çì³íà ïîðÿäêó 
â ïîñë³äîâíîñòÿõ ÄÍÊ õðîìîñîìè íà çâîðîò-
í³é (³íâåðñ³ÿ), ïîâòîðåííÿ ÷àñòèíè õðîìîñîìè 
(äóïë³êàö³ÿ), ïåðåí³ñ ÷àñòèíè îäí³º¿ õðîìî-
ñîìè íà ³íøó (òðàíñëîêàö³ÿ). Öåé äàëåêî íå 
ïîâíèé ïåðåë³ê äîñë³äæåíèõ òèï³â õðîìîñîì-
íèõ àáåðàö³é âêàçóº íà ìîæëèâ³ñòü ð³çíîìà-
í³òíèõ çì³í äîâæèíè òà ïåðâèííî¿ ñòðóêòóðè 
ìîëåêóëè ÄÍÊ, ùî âõîäèòü äî ñêëàäó àáå-
ðàíòíèõ õðîìîñîì. Òàêîæ â³äîìî ïðî ³ñíó-
âàííÿ ñòàíó ã³ïåðçì³íþâàíîñò³, óòâîðåííÿ íî-
âèõ ì³êðîñàòåë³ò³â, ùî ð³çíÿòüñÿ çà äîâæè-
íîþ, à íå çà íóêëåîòèäíîþ ïîñë³äîâí³ñòþ ÿê 
ïîìèëîê ðåïë³êàö³¿ ³ ðåïàðàö³¿ ñàìå â öèõ ïî-
ñë³äîâíîñòÿõ ÄÍÊ (Ellegren, 2004). Ö³ çì³íè ³ 
ïðîÿâëÿþòüñÿ ïðè ÏËÐ ïîÿâîþ â³äì³ííèõ â³ä 
êîíòðîëüíèõ, ÿê çá³ëüøåíèõ, òàê ³ çìåíøåíèõ  
çà äîâæèíîþ àìïë³êîí³â. Îäåðæàí³ ðåçóëüòà-
òè ïîÿñíþþòüñÿ ³ á³îõ³ì³÷íèìè äîñë³äæåí-
íÿìè ðîçìà¿òòÿ ôîðì óðàæåííÿ ÄÍÊ ïðè îï-
ðîì³íåíí³ ³ ð³çíîìà¿òòÿ (Rinne De Bont, Nik 
van Larebeke 2004; Pinto, Prise, Michael, 2005) 
åíäîãåííèõ õ³ì³÷íèõ ïåðåòâîðåíü, ïîâ’ÿçàíèõ
ç ä³ºþ àêòèâíèõ ôîðì êèñíþ, ùî îáóìîâëþ-
þòü ðóéíàö³þ ð³çíèõ ïîñë³äîâíîñòåé ÄÍÊ.

Äëÿ àíàë³çó îäåðæàíèõ ðåçóëüòàò³â òà ¿õ 
ñï³âñòàâëåííÿ ³ç çì³íàìè íàïðàöþâàííÿ àíòè-
îêñèäàíò³â ó ë³êàðñüê³é ñèðîâèí³ ïðè îïðîì³-
íåíí³ íåîáõ³äíî ïðîâåñòè ¿õ ê³ëüê³ñíèé àíàë³ç 
ç âðàõóâàííÿì ïîë³ìîðô³çìó ÄÍÊ çà ISSR-
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Çâ’ÿçîê ñòèìóëÿö³¿ àíòèîêñèäàíòíîãî çàõèñòó ðîñëèí ³ç îçíàêàìè íåñòàá³ëüíîñò³ ãåíîìó

RAPD-ïîñë³äîâíîñòÿìè îáîõ ãåíîòèï³â â êîíò-
ðîë³ òà çì³í öèõ ïîêàçíèê³â ïðè îïðîì³íåíí³. 

Ïåðøèì åòàïîì º îö³íêà çì³í ï³ä âïëèâîì 
îïðîì³íåííÿ ê³ëüêîñò³ àïë³êîí³â ïðè ISSR – 
RAPD – ÏËÐ äëÿ ð³çíèõ âàð³àíò³â äîñë³äó ç 
âèêîðèñòàííÿì ïîêàçíèêà ÷àñòîòè àòèïîâèõ 
àìïë³êîí³â.

Íà ðèñ 3 (à, á). íàâåäåíî òðåíä óñåðåäíåíî¿ 
÷àñòîòè ïîÿâè àòèïîâèõ àìïë³êîí³â â çàëåæíîñ-
ò³ â³ä äîçè ïðè ïðîâåäåíí³ ISSR-RAPD – ÏËÐ 
àíàë³çó. 

Ñïîñòåð³ãàºòüñÿ ïîì³òíà ð³çíèöÿ ñåðåäíüî¿  
÷àñòîòè ïîÿâè àòèïîâèõ àìïë³êîí³â çàëåæíî â³ä 
äîçè ïðè ISSR-RAPD – ÏËÐ àíàë³ç³. Ðàçîì ç 

Ðèñ. 1. Åëåêòðîôîðåãðàìà ðîçä³ëåííÿ ïðîäóêò³â RAPD 
–ÏËÐ. Ê – êîíòðîëü íàòèâíîñò³ ÄÍÊ; Ì – ìàðêåð 
ìîëåêóëÿðíî¿ âàãè GeneRuler 50 bp; 1 – Ïåðëèíà ë³-
ñîñòåïó, êîíòðîëü; 2 – Ïåðëèíà ë³ñîñòåïó 5 Ãð; 3 – 
Ïåðëèíà ë³ñîñòåïó, 10 Ãð; 4 – Ïåðëèíà ë³ñîñòåïó, 15 
Ãð; 5 – ìóòàíò, êîíòðîëü; 6 – ìóòàíò, 5 Ãð; 7 – ìóòàíò, 
10 Ãð; 8 – ìóòàíò, 15Ãð
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òèì, îö³íêè çà íåïàðàìåòðè÷íèì Õ-êðèòåð³ºì 
Âàí-äåð-Âàðäåíà ëèøå âêàçóþòü íà áëèçüêó äî 
äîñòîâ³ðíî¿ ïðè 95 % äîâ³ð÷îìó ³íòåðâàë³ ð³ç-
íèöþ ò³ëüêè ì³æ â³äñîòêîì àòèïîâèõ àìïë³êî-
í³â ISSR – ÏËÐ ãåíåòè÷íîãî ìàòåð³àëó Ïåðëèíè 
Ë³ñîñòåïó òà ¿¿ ìóòàíòó ïðè äîç³ îïðîì³íåí-
íÿ 5 Ãð òà ì³æ âàð³àíòàìè îïðîì³íåííÿ ïðè 
äîçàõ 10–15 Ãð ó ìóòàíòà.

Ä³éñíî, öåé ïîêàçíèê çàëèøàº ïîçà óâà-
ãîþ çì³íè äîâæèí àìïë³êîí³â, òîáòî çì³íè 
ñàìî¿ ñòðóêòóðè ¿õ ñïåêòð³â. Öå äîçâîëÿº ðîç-

ãëÿäàòè ïîêàçíèê «% àòèïîâèõ àìïë³êîí³â» 
íåäîñòàòíüî ³íôîðìàòèâíèì äëÿ õàðàêòåðèñ-
òèêè âïëèâó îïðîì³íåííÿ íà ñòàá³ëüí³ñòü 
ÄÍÊ, ïðèíàéìí³ äëÿ îáðàíîãî íàáîðó ïðàé-
ìåð³â òà ä³àïàçîíó äîç. 

Ðîçãëÿíåìî íàâåäåí³ íà ðèñ. 1, 2 äàí³ ç òî÷-
êè çîðó îäåðæàíèõ ï³ä âïëèâîì îïðîì³íåííÿ 
ðîçìà¿òòÿ çì³í ó ñïåêòðàõ àìïë³êîí³â ³ç çàëó-
÷åííÿì ³íäåêñó ïîä³áíîñò³ Æàêêàðäà. Ðîçãëÿ-
íåìî äâ³ ãðóïè íåîáõ³äíèõ äëÿ àíàë³çó ïîêàç-
íèê³â: ñïîð³äíåí³ñòü ì³æ ñïåêòðàìè àìïë³êî-

Ðèñ. 2. Åëåêòðîôîðåãðàìà ðîçä³ëåííÿ ïðîäóêò³â ISSR–
ÏËÐ. Ê – êîíòðîëü íàòèâíîñò³ ÄÍÊ; Ì – ìàðêåð 
ìîëåêóëÿðíî¿ âàãè GeneRuler 50 bp; 1 – Ïåðëèíà ë³ñî-
ñòåïó, êîíòðîëü; 2 – Ïåðëèíà ë³ñîñòåïó 6, 5 Ãð; 3 –
Ïåðëèíà ë³ñîñòåïó, 10 Ãð; 4 – Ïåðëèíà ë³ñîñòåïó, 
15 Ãð; 5 – ìóòàíò, êîíòðîëü; 6 – ìóòàíò, 5 Ãð; 7 – 
ìóòàíò, 10 Ãð; 8 – ìóòàíò, 15Ãð
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í³â ð³çíèõ ãåíîòèï³â ïðè îäíàêîâèõ äîçàõ îï-
ðîì³íåííÿ (òàáë. 3) òà ñïîð³äíåíîñò³ ñïåêòð³â 
àìïë³êîí³â ïðè ð³çíèõ äîçàõ îïðîì³íåííÿ îä-
íîãî ãåíîòèïó, Ïåðëèíè ë³ñîñòåïó ÷è ìóòàíòó 
(òàáë. 4 òà 5).  

Ñïîñòåð³ãàþòüñÿ â³äì³ííîñò³ ÿê ó ñïîð³ä-
íåíîñò³ ñïåêòð³â àìïë³êîí³â êîíòðîëüíèõ âà-
ð³àíò³â ãåíîòèï³â, òàê ³ ïðè îïðîì³íåíí³ (òàáë. 
3). Çàãàëüíèì â ïîâåä³íö³ öüîãî ïîêàçíèêà º
íàéá³ëüø çíà÷íå çíèæåííÿ ñïîð³äíåíîñò³ ñïåê-
òð³â àìïë³êîí³â ó Ïåðëèíè ë³ñîñòåïó òà ¿¿ ìó-
òàíòó ïðè äîç³ îïðîì³íåííÿ 5 Ãð òà ï³äâèùåííÿ 
ñïîð³äíåíîñò³ ïðè 10 òà 15 Ãð ÿê ïðè ïðè ISSR- 
RAPD – ÏËÐ àíàë³ç³.  

Â òàáë. 4 íàâåäåíî çíà÷åííÿ ³íäåêñó ïîä³-
áíîñò³ Æàêêàðäà äëÿ ñïåêòðó àìïë³êîí³â, ùî 
îäåðæàí³ ïðè  ISSR- ÏËÐ  êîíòðîëüíèõ ³ îï-
ðîì³íåíèõ âàð³àíò³â îêðåìî äëÿ êîæíîãî ç ãå-
íîòèï³â.

Ïîì³òíà â³äì³íí³ñòü â ïîâåä³íö³ ïîêàçíèêà 
ïîä³áíîñò³ ó îáðàíèõ ãåíîòèï³â.

Òàê, ïðè îïðîì³íåíí³ Ïåðëèíè ë³ñîñòåïó 
ïðè äîç³ 5 òà 10 Ãð ñïîñòåð³ãàºòüñÿ çíèæåííÿ 
ïîä³áíîñò³ ç êîíòðîëüíèì âàð³àíòîì òà ï³äâè-
ùåííÿ öüîãî ïîêàçíèêà ïðè îïðîì³íåíí³ 15 Ãð. 
Ïðè îïðîì³íåíí³ ìóòàíòó ñïîñòåð³ãàºòüñÿ ïî-
ñòóïîâå çíèæåííÿ ïîä³áíîñò³ ñïåêòð³â àìïë³-

êîí³â îïðîì³íåíèõ âàð³àíò³â ç êîíòðîëüíèì âà-
ð³àíòîì. Ïî-ð³çíîìó òàêîæ ïðîÿâëÿþòüñÿ åôåê-
òè íåñòàá³ëüíîñò³ ãåíîìó ïðè äâîõ ïîñë³äîâ-

Ðèñ. 3. Òðåíä çì³í óñåðåäíåíî¿ ÷àñòîòè àòèïîâèõ àì-
ïë³êîí³â â çàëåæíîñò³ â³ä äîçè ïðè ïðîâåäåíí³ RAPD 
(à) òà ISSR (á) ÏËÐ-àíàë³çó

Òàáëèöÿ 3. Çíà÷åííÿ ³íäåêñó ïîä³áíîñò³ Æàêêàðäà ñïåêòð³â àìïë³êîí³â, ùî â³äïîâ³äàþòü îäí³é äîç³ 
ð³çíèõ ãåíîòèï³â îäåðæàíèõ ïðè ISSR-RAPD – ÏËÐ

Ïðèì³òêà. Ïë.Ë*- Ïåðëèíà Ë³ñîñòåïó, Ì**- Ìóòàíò Ïåðëèíè Ë³ñîñòåïó.

RAPD-ÏËÐ,
âàð³àíòè

Ì**., Ê Ì., 5 Ãð Ì., 10 Ãð Ì., 15 Ãð
ISSR-ÏËÐ,
âàð³àíòè

Ì., Ê Ì., 5 Ãð Ì., 10 Ãð Ì., 15 Ãð

Ïë.Ë*., Ê
Ïë.Ë., 5 Ãð
Ïë.Ë., 10 Ãð
Ïë.Ë., 15 Ãð

0,67
–
–
–

–
0,65
–
–

–
–

0,73
–

–
–
–
0,1

Ïë.Ë*., Ê
Ïë.Ë., 5 Ãð
Ïë.Ë., 10 Ãð
Ïë.Ë., 15 Ãð

0,75
–
–
–

–
0,63
–
–

–
–
0,8
–

–
–
–

0,71

Òàáëèöÿ 4. Çàëåæíîñòü â³ä äîçè ³íäåêñó ïîä³áíîñò³ Æàêêàðäà ñïåêòð³â àìïë³êîí³â
êîæíîãî ç ãåíîòèï³â ïðè ISSR-ÏËÐ àíàë³ç³ ÄÍÊ 

ISSR, ÏËÐ,
âàð³àíòè

Ïë.Ë., 
Ê

Ïë.Ë.,
5 Ãð

Ïë.Ë.,
10 Ãð

Ïë.Ë.,
15 Ãð

ISSR, ÏËÐ,
âàð³àíòè

Ì., Ê Ì., 5 Ãð Ì., 10 Ãð Ì., 15 Ãð

Ïë.Ë*., Ê
Ïë.Ë., 5 Ãð
Ïë.Ë., 10 Ãð
Ïë.Ë., 15 Ãð

1 0,69
1

0,65
0,82
1

0,80
0,77
0,72
1

Ì., Ê
Ì., 5 Ãð
Ì., 10 Ãð
Ì., 15 Ãð

1 0,78
1

0,72
0,72
1

0,67
0,67
0,62
1
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íèõ äîçàõ ó ð³çíèõ ãåíîòèï³â. Ó ñîðòó Ïåðëèíà
ë³ñîñòåïó ñïîð³äíåíîñò³ ñïåêòð³â àìïë³êîí³â 
ïðè 5 òà 10 Ãð çì³íþºòüñÿ çíèæåííÿì ñïîð³ä-
íåíîñò³ ì³æ ñïåêòðàìè àìïë³êîí³â ïðè îïðî-
ì³íåíí³ â 10 òà 15 Ãð.Â òîé ÷àñ ÿê ñïîð³äíåí³ñòü 
ì³æ ñïåêòðàìè àìïë³êîí³â ì³æ ïîñë³äîâíèìè 
äîçàìè ó ìóòàíòà ïîñòóïîâî çíèæóºòüñÿ.   

Ïîä³áíèì ÷èíîì âåäóòü ñåáå ³íäåêñè ñïî-
ð³äíåíîñò³ ì³æ êîíòðîëüíèìè òà îïðîì³íå-
íèìè âàð³àíòàìè ïðè ïðîâåäåíí³ RAPD-ÏËÐ
ç ÄÍÊ îáîõ ãåíîòèï³â (òàáë. 5). Íàéá³ëüøå 
çíèæåííÿ ñïîð³äíåíîñò³ ç êîíòðîëüíèì âàð³-
àíòîì ñïîñòåð³ãàºòüñÿ ïðè äîç³ îïðîì³íåííÿ 
5 Ãð ç íåçíà÷íèì çá³ëüøåííÿì öüîãî ïîêàç-
íèêà ïðè äîç³ îïðîì³íåííÿ 10 òà 15 Ãð. Äëÿ 
îáîõ ãåíîòèï³â ñïîñòåð³ãàºòüñÿ òàêîæ çðîñòàí-
íÿ ñïîð³äíåíîñò³ ì³æ ñïåêòðàìè àìïë³êîí³â 
âàð³àíò³â ç îïðîì³íåííÿì ì³æ äâîìà ïîñë³-
äîâíèìè äîçàìè.

Òàêèì ÷èíîì, îñíîâíèìè ðåçóëüòàòàìè öüî-
ãî åòàïó äîñë³äæåííÿ º, ïî-ïåðøå, âèÿâëåííÿ 
åôåêò³â óøêîäæåííÿ ÄÍÊ ó ôàç³ öâ³ò³ííÿ ðîñ-
ëèí çà óìîâ ïåðåäïîñ³âíîãî îïðîì³íåííÿ ñó-
õîãî íàñ³ííÿ. Ïî-äðóãå, âèÿâëåííÿ çâ’ÿçêó ì³æ 
ïîë³ìîðô³çìîì ïåðâèííî¿ ñòðóêòóðè ÄÍÊ ó 
ð³çíèõ ãåíîòèï³â òà õàðàêòåðîì ¿¿ ïåðåáóäîâè 
ïðè îïðîì³íåíí³; ïî-òðåòº, âñòàíîâëåííÿ òîãî, 
ùî íàéá³ëüøå óðàæåííÿ ÄÍÊ îáîõ ãåíîòè-
ï³â ñïîñòåð³ãàºòüñÿ ïðè äîçàõ îïðîì³íåííÿ 5–
10 Ãð òà òåíäåíö³þ äî â³äíîâëåííÿ ïðè äîç³ 
îïðîì³íåííÿ 15 Ãð. 

Ïðîàíàë³çóºìî ðåçóëüòàòè ïåðåäïîñ³âíî-
ãî îïðîì³íåííÿ íàñ³ííÿ çà çì³íàìè ó íàãðî-
ìàäæåíí³ ôëàâîíî¿ä³â òà ôåíîë³â ó ñóöâ³òòÿõ 
äâîõ äîñë³äæóâàíèõ ãåíîòèï³â.   

Çì³íè âì³ñòó ôåíîë³â òà ôëàâîíî¿ä³â ïîêà-
çóþòü â³äì³ííîñò³ ó äîçîâèõ çàëåæíîñòÿõ öèõ 
õàðàêòåðèñòèê ó ñîðòó Ïåðëèíè ë³ñîñòåïó òà 

éîãî ìóòàíòó. Äîçîâà çàëåæí³ñòü ïèòîìîãî 
âì³ñòó ôëàâîíî¿ä³â ó ïåðøîìó âèïàäêó (ðèñ. 
4 à) ìàº ìàêñèìóì, ùî â³äïîâ³äàº äîç³ 10 Ãð, 
ó äðóãîìó – 5 Ãð. Çíà÷èìå  ï³äâèùåííÿ ïè-
òîìîãî âì³ñòó ôåíîë³â ñïîñòåð³ãàºòüñÿ ò³ëüêè 
ó ìóòàíòó Ïåðëèíè Ë³ñîñòåïó ïðè äîç³ 5 Ãð
(ðèñ. 4, á). Ñïîñòåð³ãàºòüñÿ  çíèæåííÿ âì³ñòó 
îáîõ àíòèîêñèäàíò³â ïðè äîç³ 15 Ãð.  

Â³äçíà÷èìî, ùî ìàêñèìàëüíèé âì³ñò ôëà-
âîíî¿ä³â ³ ôåíîë³â (5 òà 10 Ãð äëÿ ð³çíèõ ãåíî-
òèï³â) â³äïîâ³äàº íàéá³ëüø³é âòðàò³ ñïîð³äíå-
íîñò³ ³ç êîíòðîëüíèì âàð³àíòîì ñïåêòð³â àì-
ïë³êîí³â ïðè RAPD – (îáèäâà ãåíîòèïè) òà 
²SSR-ÏËÐ (äëÿ Ïåðëèíè ë³ñîñòåïó) òà ï³äâè-
ùåííÿ öèõ ïîêàçíèê³â ïðè äîç³ îïðîì³íåííÿ 
15 Ãð.

Òàêèì ÷èíîì, âñ³ òðè âèêîðèñòàí³ ïîêàçíè-
êè ñâ³ä÷àòü ïðî íåë³í³éíó ³ íåìîíîòîííó çà-
ëåæí³ñòü åôåêò³â îïðîì³íåííÿ â³ä äîçè, ùî º 
õàðàêòåðíîþ äëÿ öàðèíè ìàëèõ äîç. Íàéá³ëüø 
ïîøèðåíà òî÷êà çîðó ïîâ’ÿçóº öå ³ç ñóïåðïîçè-
ö³ºþ äîçîâèõ çàëåæíîñòåé äåê³ëüêîõ ³íäóêîâà-
íèõ îïðîì³íåííÿì ïðîöåñ³â  (Burlakova, 1999; 
Kolomiytseva, 2003; Tubiana, Aurengo, Averbeck, 
2006). Ïî-ïåðøå, öå áåçïîñåðåäíüî óðàæåííÿ 
ñòðóêòóð êë³òèíè ³ éîãî ðîçâèòîê, ïðîäîâæåí-
íÿ óòâîðåííÿ ïðîäóêò³â âçàºìîä³¿ ÄÍÊ ç ÀÔÊ. 
Ïî-äðóãå, ³íäóêö³ºþ/ñòèìóëÿö³ºþ ð³çíîìàí³ò-
íèõ ðåïàðàòèâíèõ ïðîöåñ³â, êîæíèé ç ÿêèõ 
ìàº ñâ³é ïîð³ã âêëþ÷åííÿ ³ äîçîâó çàëåæí³ñòü. 
Ïî-òðåòº, ñòèìóëÿö³ºþ àíòèîêñèäàíòíîãî çà-
õèñòó çà ðàõóíîê ôåðìåíòàòèâíèõ ³ íå ôåð-
ìåíòàòèâíèõ àíòèîêñèäàíò³â. ×åòâåðòèé ìå-
õàí³çì, ùî ïîòåíö³éíî ìîæå ïðèçâîäèòè äî 
çíèæåííÿ ïîÿâè àòèïîâèõ àìïë³êîí³â, ïîëÿ-
ãàº â ñòèìóëÿö³¿ ïðîöåñ³â ó ôàçàõ «ïåðåâ³ðêè» 
(«check point»), ÿê³ áëîêóþòü ïåðåõ³ä äî ïîä³ëó 
êë³òèí ³ç çíà÷íèìè ïîðóøåííÿìè ÄÍÊ. 

Òàáëèöÿ 5. Çàëåæí³ñòü â³ä äîçè ³íäåêñó ïîä³áíîñò³ Æàêêàðäà ñïåêòð³â àìïë³êîí³â êîæíîãî ç ãåíîòèï³â ïðè RAPD-
ÏËÐ-àíàë³ç³ ÄÍÊ

Ïðèì³òêà. Óìîâí³ ïîçíà÷åííÿ ÿê ó òàáëèöÿõ 3 òà 4.

RAPD-ÏËÐ,
âàð³àíòè

Ïë.Ë., 
Ê

Ïë.Ë.,
5 Ãð

Ïë.Ë.,
10 Ãð

Ïë.Ë.,
15 Ãð

RAPD-ÏËÐ,
âàð³àíòè

Ì., Ê Ì., 5 Ãð Ì., 10 Ãð Ì., 15 Ãð

Ïë.Ë*., Ê
Ïë.Ë.,5 Ãð
Ïë.Ë., 10 Ãð
Ïë.Ë., 15 Ãð

1 0,62
1

0,68
0,82
1

0,67
0,73
0,89
1

Ì.,Ê
Ì.,5 Ãð
Ì.,10 Ãð
Ì., 15 Ãð

1 0,70
1

0,71
0,71
1

0,77
0,83
0,78
1
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Ðàçîì ç òèì âèÿâëåííÿ îêðåìèõ êîìïîíåíò 
â³äãóêó íà ðàä³àö³éíèé ñòðåñ çàëèøàº â³äêðè-
òèì ïèòàííÿ ïðî ñòðóêòóðó ¿õ âçàºìîä³¿, â 
äàíîìó âèïàäêó – âçàºìîä³þ çàëåæíèõ â³ä äî-
çè çì³í ð³âíÿ óøêîäæåííÿ ÄÍÊ òà ñòèìóëÿö³þ 
ñèíòåçó àíòèîêñèäàíò³â.

Ðîçãëÿíåìî ã³ïîòåòè÷íó ³íòåðàêòèâíó êàð-
òèíó ðàä³àö³éíî-³íäóêîâàíèõ ïðîöåñ³â, âèõî-
äÿ÷è ç îäåðæàíèõ äàíèõ. Íàéíèæ÷³ çíà÷åííÿ 
êîåô³ö³ºíò³â ñïîð³äíåíîñò³ ì³æ êîíòðîëüíèìè
òà îïðîì³íåíèìè âàð³àíòàìè ïðè äîçàõ 5–
10 Ãð ñâ³ä÷àòü ïðî íàéâèùèé ð³âåíü óøêîä-
æåííÿ ÄÍÊ òà ïðî íèçüêó åôåêòèâí³ñòü â³ä-
íîâëþâàëüíèõ ïðîöåñ³â äëÿ öàðèíè ìàëèõ äîç,
ùî âæå äîâåäåíî ðÿäîì äîñë³äæåíü (îãëÿä, 
Gaziev, 2011). Ñàìå çà ä³¿ öèõ «ìàëèõ» äëÿ 
äîñë³äæåíèõ ãåíîòèï³â òà íèæ÷èõ çà ïîðîãîâ³  
äëÿ âêëþ÷åííÿ ðåïàðàòèâíèõ ïðîöåñ³â äîç ³
ñïîñòåð³ãàºòüñÿ íàéâèù³é ïèòîìèé âì³ñò àíòè-
îêñèäàíò³â. Öå óçãîäæóºòüñÿ ç äàíèìè ³íøèõ
àâòîð³â (Tominaga et al, 2004; Szumiel, 2015)
ùîäî çðîñòàííÿ ð³âíÿ ÀÔÊ çà óìîâ ãåíîìíî¿
íåñòàá³ëüíîñò³. Â³äîìî ïðî ïîë³ôóíêö³îíàëüí³ñòü
àêòèâíèõ ôîðì êèñíþ, âêëþ÷àþ÷è áîðîòüáó ç
«÷óæîþ» ÄÍÊ (Sies, Jones, 2020), ùî çà ïðèí-
öèïîì çâîðîòíüîãî çâ’ÿçêó ìàº ñòèìóëþâàòè 
ï³äâèùåííÿ ð³âíÿ àíòèîêñèäàíò³â. Â öþ çà-
ãàëüíó ñõåìó âêëàäàºòüñÿ çíèæåííÿ ïèòîìîãî
âì³ñòó àíòèîêñèäàíò³â îäíî÷àñíî ç ï³äâèùåí-
íÿì ñïîð³äíåíîñò³ ñïåêòð³â àìïë³êîí³â îïðî-
ì³íåíèõ ³ êîíòðîëüíèõ âàð³àíò³â ïðè äîç³ îïðî-
ì³íåííÿ 15 Ãð, ùî ñâ³ä÷èòü ïðî ïî÷àòîê â³ä-
íîâëåííÿ íîðìàëüíî¿ ñòðóêòóðè ÄÍÊ çà ðàõó-
íîê ³íäóêö³¿/ñòèìóëÿö³¿ ðåïàðàòèâíèõ ïðîöåñ³â.   

Äîäàòêîâó ³íôîðìàö³þ ïðî âçàºìîä³þ óðà-
æåííÿ ÄÍÊ, ðåïàðàö³¿ óøêîäæåíü òà àíòè-
îêñèäàíòíîãî çàõèñòó íàäàº ïîð³âíÿííÿ â³äãó-
êó íà ïåðåäïîñ³âíå îïðîì³íåííÿ îáîõ ãåíî-
òèï³â, ùî êð³ì âèÿâëåííÿ çàãàëüíèõ òåíäåíö³é, 
ïðîÿâëÿº ïåâí³ â³äì³ííîñò³. Òàê, íà â³äì³íó 
â³ä ñîðòó Ïåðëèíè ë³ñîñòåïó, ó ¿¿ ìóòàíòó íå
ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ ç äîçîþ îïðîì³-
íåííÿ ñïîð³äíåíîñò³ ñïåêòð³â àìïë³êîí³â ïðè 
ISSR-ÏËÐ àíàë³ç³ (òàáë. 4), à ìàêñèìóì ó 
íàãðîìàäæåíí³ îáîõ àíòèîêñèäàíò³â â³äïîâ³-
äàº äîç³ îïðîì³íåííÿ íå 10, à 5 Ãð. Ñï³â-
ñòàâëåííÿ öèõ äâîõ ôàêò³â äîçâîëÿº ïðèïóñ-
òèòè ³ñíóâàííÿ ïåâíèõ â³äì³ííîñòåé ó ïðî-
õîäæåíí³ ðåïàðàòèâíèõ ïðîöåñ³â ó öèõ äâîõ 
ãåíîòèïàõ. ²ñíóâàííÿ ïîë³ìîðô³çìó çà ISSR 
òà RAPD ïîñë³äîâíîñòÿìè îáóìîâëþº ³ ïåâí³ 
â³äì³ííîñò³ ó êîìïàêòèçàö³¿ õðîìàòèíó, ùî, çà 
ñó÷àñíèìè óÿâëåííÿìè (Teif, Shkrobkov, Ego-
rova, 2010; Teif, 2015), âïëèâàº íà äîñòóïí³ñòü 
ÄÍÊ òðàíñêðèïö³éíèì òà ðåïàðàö³éíèì ôàê-
òîðàì, óòâîðåííþ òàê çâàíèõ ðàä³àö³éíî – ³í-
äóêîâàíèõ ôîêóñ³â (radiation induced foci) (Ga-
ziev, 2011), ùî çàáåçïå÷óþòü åôåêòèâí³ñòü â³ä-
íîâëåííÿ ÄÍÊ.  

Òàêèì ÷èíîì, ãîëîâíèì ðåçóëüòàòîì ïðîâå-
äåíîãî äîñë³äæåííÿ º âñòàíîâëåííÿ òîãî, ùî
çà ÿâèùåì ñòèìóëÿö³¿ íàïðàöþâàííÿ àíòèîê-
ñèäàíò³â ñòî¿òü ñêëàäíà ñèñòåìà âçàºìîä³é ì³æ 
ðîçâèòêîì óðàæåííÿ ÄÍÊ ³ ðåïàðàòèâíèìè 
ïðîöåñàìè, ðîçï³çíàâàííÿì ïîìèëêîâî¿ ïåð-
âèííî¿ ñòðóêòóðè ÄÍÊ òà â³äïîâ³äíî¿ êîí-
ôîðìàö³¿ õðîìàòèíó. ²ñíóº âóçüêà îáëàñòü ï³ä-
ïîðîãîâèõ äîç ³í³ö³àö³¿ ðåïàðàö³¿ ÄÍÊ, ïðè 

Ðèñ. 4. Äîçîâà çàëåæí³ñòü âì³ñòó ôëàâîíî¿ä³â (à) ôåíîë³â (á) ó ñóöâ³òòÿõ ðîìàøêè ë³êàðñüêî¿ ñîðòó Ïåðëèíà 
ë³ñîñòåïó òà ìóòàíòà ñîðòó Ïåðëèíà ë³ñîñòåïó. Äîâ³ð÷èé ³íòåðâàë, Ð = 0,95
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Ä.Î. Ñîêîëîâà, Ò.Â.  Ãàëè÷, Â.Â. Æóê òà ³í.

ÿê³é â³äáóâàºòüñÿ ñòèìóëÿö³ÿ íàïðàöþâàííÿ 
ôàðìàöåâòè÷íî çíà÷èìî¿ ïðîäóêö³¿. Ö³ äàí³ º 
ïî÷àòêîì ïåðåõîäó â³ä ñóòî åìï³ð³÷íîãî ï³äáî-
ðó åôåêòèâíèõ äîç äëÿ ñòèìóëÿö³¿ íàïðàöþ-
âàííÿ òèõ ÷è ³íøèõ ìåòàáîë³ò³â äî âèÿâëåííÿ 
ìåõàí³çì³â, ùî îáóìîâëþþòü ìåòàáîë³÷í³ ïå-
ðåáóäîâè.  

Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³äñóò-
í³ñòü êîíôë³êò³â ³íòåðåñ³â. 
Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Àâòîðè ï³ä-
òâåðäæóþòü â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â òà
ïîðóøåíü äîãîâîðó ïðî íåðîçãîëîøåííÿ. Öÿ
ñòàòòÿ íå ì³ñòèòü æîäíèõ äîñë³äæåíü, âèêî-
íàíèõ íà òâàðèíàõ àáî ëþäÿõ.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ ïðîâîäèëîñÿ â ðàì-
êàõ ô³íàíñóâàííÿ ÍÄÐ ÍÀÍ Óêðà¿íè çà òå-
ìîþ 1230/3 «Âèâ÷åííÿ âïëèâó ñòðåñîâèõ ôàê-
òîð³â á³îòè÷íîãî ³ àá³îòè÷íîãî ïîõîäæåííÿ íà
íàêîïè÷åííÿ âòîðèííèõ ìåòàáîë³ò³â òà ðåêîì-
á³íàíòíèõ ñïîëóê â ãåíåòè÷íî çì³íåíèõ òà 
íàòèâíèõ ðîñëèííèõ ñèñòåìàõ».

RELATIONSHIP OF STIMULATION OF PLANT 
ANTIOXIDANT PROTECTION AND SIGNS OF 
GENOME INSTABILITY

D.Î. Sokolova, Ò.V. Halych, V.V. Zhuk,
Î.P. Êravets, Ì.V. Êuchuk

Institute of Cell Biology and Genetic Engineering, 
National Academy of Sciences of Ukraine,
st. Akademika Zabolotnogo, 148, Kyiv, 03143 Ukraine

E-mail: dasokolova88@gmail.com, vzhukv@gmail.com,
 sdgfbd@gmail.com, kaplibra@gmail.com, 
 nkuchuk@icbge.org.ua

The relationship between stimulation of low-molecular-
weight antioxidant accumulation in pharmaceutical 
plant raw material (inflorescences) and the markers of 
radiation-induced genome instability at the stage of plant 
flowering under X-ray exposure were investigated. The 
study of rearrangements of DNA primary structure under 
different dose exposure was carried out by PCR using 
eight ISSR and ten RAPD primers. Dose –dependent 
changes in amplicon spectra during ISSR-RAPD – 
PCR were analyzed using the Jacquard similarity index.
It was found that the largest rearrangements of the 
primary DNA structure of both genotypes, which was 
indicated as a decrease in similarity with the control 
spectra of amplicon, was observed under exposure with 
doses 5–10 Gray. There was a tendency to approach this 
indicator to the control one under 15 Gray dose, which 
mint increased efficiency of reparative processes. The 

relationship between the polymorphism of the primary 
structure of DNA by ISSR-RAPD-sequences through 
different genotypes and the nature of its rearrangement 
under radiation exposure was shown. Comparison of the 
results with no monotonic dose curves of the specific 
flavonoids’ and phenols’ content allowed us to conclude 
that the stimulation of antioxidant protection was shown 
under doses corresponding to low efficiency of repair 
processes and, accordingly reduced it under genetic 
material repair. The interpretation of the identified 
phenomenon is based on the known connection between 
the effects of genomic instability and the increase in 
the level of reactive oxygen species and the general 
principles of antioxidant protection. The significance 
of the obtained results through the development of 
the scientific basis for the implementation of small 
radiation exposure doses in biotechnology, particularly 
in pharmacology is discussed.
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