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Âïðîâàäæåííÿ ãåí³â, ùî çàáåçïå÷óþòü ñò³éê³ñòü äî 
Puccinia graminis, ââàæàºòüñÿ íàéêðàùèì ìåòîäîì çà-
õèñòó ïøåíèö³ â³ä ³ç ñòåáëîâî¿ ³ðæ³. Ç ìåòîþ ìàðêåð-
íîãî äîáîðó îçèìèõ ñåëåêö³éíèõ ë³í³é ïøåíèö³ ì’ÿêî¿ 
ç ãåíîì ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ Sr39 àáî Sr40 
ïðîâåäåíî òåñòóâàííÿ ìîëåêóëÿðíèõ ìàðêåð³â äëÿ ³äåí-
òèô³êàö³¿ öèõ ãåí³â. Áóëî âèêîðèñòàíî òàê³ ìîëåêóëÿðí³ 
ìàðêåðè, ÿê BE500705, Xmag2090, Xmag464, Xcnl158, 
Xwmc25, Sr39#50, Sr39#22, BCD260, Xwmc344. Ñå-
ðåä ì³êðîñàòåë³òíèõ ìàðêåð³â ïîë³ìîðô³çì âèÿâëÿëè 
Xmag2090, Xwmc25, Xwmc344 ïðè àíàë³ç³ àìïë³êîí³â 
øëÿõîì åëåêòðîôîðåçó â ïîë³àêðèëàì³äíîìó ãåë³ òà 
ôàðáóâàíí³ ñð³áëîì. Ìàðêåðè Sr39#50 òà Sr39#22 äà-
âàëè ïîä³áí³ àìïë³êîíè ó êîíòðîëüíèõ ë³í³é RL5711 ç 
Sr39 òà RL6089 ç Sr40, òîä³ ÿê ó äîñë³äæåíèõ ñîðò³â 
àìïë³êîíè áóëè â³äñóòí³. Ö³ ìàðêåðè áóëè âèêîðèñòàí³ 
äëÿ ìàðêåðíîãî äîáîðó ë³í³é ç â³äïîâ³äíèìè ãåíàìè 
ñò³éêîñò³ ñåðåä ë³í³é F2 â³ä ñõðåùåííÿ Õóòîðÿíêà ×
× RL6089 (Sr40) òà F4 â³ä ñõðåùåííÿ Ñîëîì³ÿ × RL5711 
(Sr39). Çà ìàðêåðîì Sr39#50 ñåðåä íàùàäê³â F2 êîì-
á³íàö³¿ Õóòîðÿíêà × RL6089 ìàðêåð ãåíà Sr40 âèÿâëåíî 
ó 46 % çðàçê³â. Ñåðåä ë³í³é F4 Ñîëîì³ÿ × RL5711 ÷àñ-
òîòà ãåíîòèï³â ç ïîºäíàííÿì ìàðêåðíèõ àìïë³êîí³â 
 Sr39#50 òà Sr39#22 ñêëàäàëà ëèøå 11 %. Âîäíî÷àñ 
ó äîäàòêîâèõ 33 % ë³í³é F4 áóâ ïðèñóòí³é àìïë³êîí 
çàâäîâæêè á³ëÿ 800 ï.í. ç ìàðêåðîì Sr39#22 ïðè 
â³äñóòíîñò³ ìàðêåð³â ñò³éêîñò³ ç Sr39#50. Çíèæåíà 
÷àñòîòà íîñ³¿â ãåí³â Sr39 òà Sr40 ïîâ’ÿçàíà, ìîæ-
ëèâî, ç³ çíèæåíèì âèæèâàííÿì ãåíîòèï³â ç ³íòðîãðå-
ñ³ºþ íà õðîìîñîìó 2B ïðè îçèìîìó ïîñ³â³. Â³ä³áðàí³ 
îçèì³ ë³í³¿ ïøåíèö³ ç ãåíàìè Sr39 àáî Sr40 ìîæóòü 
áóòè âèêîðèñòàí³ ÿê âèõ³äíèé ìàòåð³àë äëÿ ïîäàëü-
øî¿ ñåëåêö³¿.

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ, Puccinia graminis, ñò³éê³ñòü 
äî ñòåáëîâî¿ ³ðæ³,  ãåíè ñò³éêîñò³, ðàñà Ug99, ìîëåêó-
ëÿðí³ ìàðêåðè, ìàðêåðíèé äîá³ð.

Âñòóï. Ñòåáëîâà ³ðæà, ÿêó ñïðè÷èíÿþòü ãðè-
áè âèäó Puccinia graminis Pers., º õâîðîáîþ 
ïøåíèö³ ì’ÿêî¿ (Triticum aestivum L.), ùî âïëè-
âàº íà âðîæàé ó âñüîìó ñâ³ò³ (Simon et al, 
2021). Íàïðèêëàä, íàéíåáåçïå÷í³ø³ ðàñè öüîãî
ô³òîïàòîãåíà ìîæóòü ñïðè÷èíÿòè âòðàòè âðî-
æàþ íà ð³âí³ 70 % àáî íàâ³òü 100 % (Schumann 
and Leonard, 2000; Leonard and Szabo, 2005; 
Loughman et al, 2005; Olivera et al, 2015). Ïðî
çíà÷í³ âòðàòè âðîæàþ ïøåíèö³ â³ä ñòåáëîâî¿ 
³ðæ³ â Àâñòðàë³¿, ÑØÀ, Öåíòðàëüí³é òà Ï³â-
äåíí³é ªâðîï³, êðà¿íàõ Ñêàíäèíàâ³¿, ²íä³¿ òà
³íøèõ êðà¿íàõ Àç³¿ ïîâ³äîìëÿëè â ð³çí³ ïåð³î-
äè ÷àñó â 20-ìó ñòîð³÷÷³ (McIntosh et al, 1995; 
Schumann and Leonard, 2000). Ãðóïà ðàñ ñòåá-
ëîâî¿ ³ðæ³ ³ç çàãàëüíèì ïîçíà÷åííÿì Ug99 
(ïåðøó ç ÿêèõ, TTKSK, âïåðøå âèÿâëåíî â 1999
â Óãàíä³) ðîçãëÿäàëàñü ÿê îäíà ç íàéñåðéîçí³-
øèõ çàãðîç âèðîáíèöòâó ïøåíèö³ â óñüîìó 
ñâ³ò³ (Pretorius et al, 2000). Áóëî âèÿâëåíî ³íø³ 
ðàñè ãðóïè, ÿê³, íåçâàæàþ÷è íà êàðàíòèíí³ 
çàõîäè, ïîøèðèëèñü óñ³ì ñõ³äíèì óçáåðåææÿì 
Àôðèêè (Singh et al, 2015). Òàêîæ ðàñó Ug99 
áóëî âèÿâëåíî â ²ðàêó â 2019 ð. (Nazari et 
al, 2021). Ö³ ðàñè ïðèçâåëè äî çíà÷íèõ âòðàò 
óðîæàþ âñþäè, äå ¿õ áóëî âèçíà÷åíî (Fetch et 
al, 2021; Olivera et al, 2015; Soko et al, 2018).

Íà ñüîãîäí³ òàêîæ âæå â³äîì³ ³ ³íø³ øêîäî-
÷èíí³ ðàñè P. graminis, íàïðèêëàä, ðàñà TTRTF,
ùî ïîõîäèòü ³ç Ãðóç³¿ òà ïîøèðèëàñü äî áà-
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ãàòüîõ ºâðîïåéñüêèõ êðà¿í, äå ç 2016 ð. âîíà 
ñóòòºâî çíèæóâàëà âðîæàé ïøåíèö³ (Olivera et 
al, 2022a, 2022b; Skolotneva et al, 2020). Âòðàòè 
âðîæàþ, ÿê³ ñïðè÷èíÿº ñòåáëîâà ³ðæà, îêð³ì 
âèñîêî¿ ìóòàáåëüíîñò³ ãðèáà, àñîö³þþòü ç éîãî 
æèòòºâèì öèêëîì òà ô³ç³îëîã³ºþ: â³í ìîæå âè-
êîðèñòîâóâàòè ³íø³ çëàêè ÿê ïðîì³æíèõ ãîñ-
ïîäàð³â, ôîðìóâàòè ñïîðè, ùî äîçâîëÿþòü ïå-
ðå÷åêàòè íåñïðèÿòëèâ³ ïîãîäí³ óìîâè (Leonard 
and Szabo, 2005; Stokstad, 2007; Singh et al, 2011, 
Olivera et al, 2015, 2017, 2019, 2022a, 2022b, 
Patpour et al, 2022).

Âïðîâàäæåííÿ ãåí³â, ùî çàáåçïå÷óþòü ñò³é-
ê³ñòü äî P. graminis (ïîçíà÷åíèõ ÿê Sr), ââàæà-
þòü íàéêðàùèì ìåòîäîì áîðîòüáè ³ç ñòåáëî-
âîþ ³ðæåþ (Schumann and Leonard, 2000; 
McIntosh et al, 1995). Ç îãëÿäó íà âèñîêó çäàò-
í³ñòü ãðèáà äî ìóòàö³é òà øèðîêå âïðîâàäæåí-
íÿ ãåí³â ñò³éêîñò³ áåç â³äïîâ³äíèõ çàïîá³æíèõ 
çàõîä³â, á³ëüø³ñòü âëàñíèõ Sr ãåí³â ïøåíèö³, ùî 
çàáåçïå÷óþòü ðàñîñïåöèô³÷íó ñò³éê³ñòü, à òàêîæ 
áàãàòî ³íòðîãðåñîâàíèõ ãåí³â º íååôåêòèâíèìè 
ïðîòè ñó÷àñíèõ ðàñ ñòåáëîâî¿ ³ðæ³ (McIntosh 
et al, 1995; Singh et al, 2011; 2015; Pretorius et 
al, 2012; Fetch et al, 2016). Ðàñîíåñïåöèô³÷í³ 
ãåíè ñò³éêîñò³ çàáåçïå÷óþòü ïîì³ðíèé ð³âåíü 
ñò³éêîñò³, îäíàê ó ïîë³ ö³ ãåíè ñàì³ ïî ñîá³ íå º 
äîñòàòíüî åôåêòèâíèìè (McIntosh et al, 1995).

Äåÿê³ ç Sr ãåí³â â³ä ñïîð³äíåíèõ âèä³â ïøå-
íèö³ º äîñ³ åôåêòèâíèìè ïðîòè ñó÷àñíèõ ðàñ
ñòåáëîâî¿ ³ðæ³, âêëþ÷íî ç Ug99. Õî÷à ³íòðî-
ãðåñîâàíèé ãåí Sr31 íà ïëå÷³ õðîìîñîìè 1RS 
â³ä æèòà, ÿêèé âèêîðèñòîâóâàâñÿ ç ñåðåäèíè 
1950-õ, ³ íå çàáåçïå÷óº ñò³éêîñò³ ïðîòè Ug99, 
â³í âñå ùå çàëèøàºòüñÿ â³äíîñíî åôåêòèâíèì, 
îñê³ëüêè ³ñíóº íå òàê áàãàòî ðàñ, â³ðóëåíòíèõ 
äî öüîãî ãåíà (Olivera et al, 2022, Patpour et al, 
2022). Ãåí Sr22 íà õðîìîñîì³ 7AL ïîõîäèòü â³ä
T. monococcum ssp. boeoticum ³ º åôåêòèâíèì 
ïðîòè îðèã³íàëüíî¿ ðàñè Ug99, àëå íà òðàíñ-
ëîêàö³¿ º ³íø³ ãåíè, ÿê³ íåãàòèâíî âïëèâàþòü 
íà àãðîíîì³÷í³ îçíàêè ïøåíèö³ (Kerber and 
Dyck, 1973; Olson et al, 2010; Steuernagel et al, 
2016). Ãåí Sr26, ïåðåíåñåíèé â³ä Thynopyrum 
ponticum, çàáåçïå÷óº ñò³éê³ñòü äî Ug99, îäíàê 
òðàíñëîêàö³ÿ ç öèì ãåíîì ïðèçâîäèòü äî çìåí-
øåííÿ óðîæàéíîñò³ ïøåíèö³ íà áëèçüêî 9 %
(The et al, 1988; Dundas et al, 2007; Singh et 
al, 2015; Zhang et al, 2021, Wu et al, 2020, 
2023). Ãåí Sr32 â³ä Aegilops speltoides Tausch, 

ùî çàáåçïå÷óº ñò³éê³ñòü äî âñ³õ ðàñ ãðóïè 
Ug99, íå áóâ øèðîêî âïðîâàäæåíèé ç îãëÿäó 
íà ç÷åïëåíó îçíàêó «ïðèëèïëèõ» ëóñîê (Friebe 
et al, 1996; Mago et al, 2013; Singh et al, 2015, 
Wu et al, 2020, 2023). Ãåí Sr33 áóëî âïåðøå 
³äåíòèô³êîâàíî ó äèêîãî ðîäè÷à ïøåíèö³ Ae. 
tauschii Coss.; â³í íàäàº ñò³éê³còü äî âñ³õ ðàñ 
ñòåáëîâî¿ ³ðæ³, îêð³ì TKHBK (Jones et al, 1991; 
Periyannan et al, 2013; Singh et al, 2015; Patpour 
et al, 2016; Wu et al, 2020, 2023, Olivera et al, 
2022b). Ãåí ñò³éêîñò³ Sr35, ³íòðîãðåñîâàíèé â³ä
T. monococcum (McIntosh et al, 1984), íàäàº ñò³é-
ê³ñòü ïðîòè ðàñè ñòåáëîâî¿ ³ðæ³ TTKSK òà ¿¿ 
âàð³àíò³â TTKST òà TTTSK (Pretorius et al, 
2000; Jin et al, 2007; Olivera et al, 2022a, Wu et 
al, 2020, 2023). Ãåí Sr38, ïåðåíåñåíèé â³ä Ae. 
ventricosa Tausch ðàçîì ç ãåíàìè ñò³éêîñò³ äî 
áóðî¿ ³ðæ³ Lr37 òà ñò³éêîñò³ äî æîâòî¿ ³ðæ³ Yr17, 
çàáåçïå÷óº ñò³éê³ñòü äî á³ëüøîñò³ ñó÷àñíèõ ðàñ
ñòåáëîâî¿ ³ðæ³, õî÷à ïîâ³äîìëÿþòü òàêîæ ïðî 
ðàñè, â³ðóëåíòí³ äî öüîãî ãåíà (Bariana and 
McIntosh, 1993; Boshoff et al, 2002, Wu et al, 
2020, 2023). ²íøèìè åôåêòèâíèìè ãåíàìè ñò³é-
êîñò³ º ãåí Sr51 â³ä Ae. searsii Feldman and 
Kislev ex K. Hammer (Liu et al, 2011a), Sr52 â³ä 
Dasypyrum villosum (L.) Borbas (Qi et al, 2011; 
Li et al, 2019), Sr53 â³ä Ae. geniculata Roth (Liu 
et al, 2011b), Sr59 â³ä S. cereale (Rahmatov et 
al, 2016), Sr62 â³ä Ae. sharonensis Eig (Yu et al, 
2022), SrAmigo(Sr1RSAmigo) íà 1AL1RS â³ä ñîðòó 
àðãåíòèíñüêîãî æèòà Insave (Rabinovich, 1998), 
à òàêîæ ãåíè Sr39 òà Sr40 (Kerber and Dyck, 
1990; Dyck, 1992; Singh et al, 2015).

Ãåí Sr39 çíàõîäèòüñÿ íà òðàíñëîêàö³¿ ôðàã-
ìåíòà õðîìîñîìè 2S Ae. speltoides íà õðîìîñî-
ìó 2B (T2B/2S#2) (Kerber and Dyck, 1990). 
Íà òîìó ñàìîìó ïëå÷³ íà â³äñòàí³ 3 ñÌ áóëî 
ëîêàë³çîâàíî ãåí Lr35, ùî çàáåçïå÷óº ñò³éê³ñòü 
äî áóðî¿ ³ðæ³ (Gold et al, 1999; Labuschagne et al,
2002; Mago et al, 2009). Ãåí Sr39 åêñïðåñóºòüñÿ 
â ïðîðîñòêàõ, à òàêîæ ó äîðîñëèõ ðîñëèíàõ, ³ 
çàáåçïå÷óº ñò³éê³ñòü/ïîì³ðíó ñò³éê³ñòü äî âñ³õ 
â³äîìèõ ðàñ ñòåáëîâî¿ ³ðæ³, âêëþ÷íî ç Ug99 
(Jin et al, 2007, Singh et al, 2015). Áîðîøíî ë³í³¿ 
ç ö³ºþ òðàíñëîêàö³ºþ RL6082 òà ³íøèõ äæåðåë
öüîãî ãåíà õàðàêòåðèçóºòüñÿ ï³äâèùåíîþ àá-
ñîðáö³ºþ âîäè ³ âì³ñòîì á³ëêó (Labuschagne et 
al, 2002). Çàãàëîì, òðàíñëîêàö³ÿ õðîìîñîìè 2S 
âêëþ÷àº äîâãå ïëå÷å ³ 85 % êîðîòêîãî ïëå÷à 
(Yu et al, 2010).
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Ìàðêåðè ãåí³â ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ Sr39 òà Sr40 äëÿ äîáîðó ñåëåêö³éíèõ ë³í³é ïøåíèö³

Äëÿ ³äåíòèô³êàö³¿ Sr39 (òà Lr35) áóëî ðîç-
ðîáëåíî ìîëåêóëÿðí³ ìàðêåðè ç ïàðàìè ïðàé-
ìåð³â BCD260F1/35R2 (Seyfarth et al, 1999) òà
Sr39F2/R3 (Gold et al, 1999). Ó ïîäàëüøèõ äîñ-
ë³äæåííÿõ áóëî çðîáëåíî ñïðîáè çìåíøèòè ³í-
òðîãðåñîâàíèé ôðàãìåíò, àëå çàëèøèòè ãåíè 
Sr39 òà Lr35 (Mago et al, 2009; Niu et al, 2011). 
Íà îñíîâ³ ë³í³¿ RL5711 ç òðàíñëîêàö³ºþ 2B-
2S áóëî ñòâîðåíî ë³í³¿ #220 òà #247 ç ãåíàìè 
³íòåðåñó, à íà îñíîâ³ öèõ ë³í³é áóëî ðîçðîáëå-
íî ìîëåêóëÿðí³ ìàðêåðè Sr39#50s òà Sr39#22r 
(Mago et al, 2009). Niu et al (2011) íà îñíîâ³ 
ë³í³¿ RL6082 çà äîïîìîãîþ ïîêðàùåíîãî ìå-
òîäó õðîìîñîìíî¿ ³íæåíåð³¿ ñòâîðèëè ë³í³¿ ïøå-
íèö³ RWG1, RWG2 and RWG3 ç ñóòòºâèì 
çìåíøåííÿì ôðàãìåíòó õðîìîñîìè 2S. Êð³ì 
òîãî, ìàðêåðè Xrwgs27, Xrwgs28 òà Xrwgs29 áó-
ëî çàïðîïîíîâàíî ÿê á³ëüø çðó÷í³ äëÿ ñåëåê-
ö³¿ (Niu et al, 2011). Ï³çí³øå ó õîä³ âàë³äàö³¿ 
ìàðêåð³â äëÿ ãåíà Sr39 áóëî â³äçíà÷åíî ìàðêå-
ðè Sr39#50s òà Sr39#22r ÿê òî÷í³ é çðó÷í³, à 
äëÿ ìàðêåð³â Xrwgs27, Xrwgs28 òà Xrwgs29 ïî-
êàçàíî, ùî âîíè ïðîäóêóþòü ôðàãìåíòè, ÿê³ 
ñêëàäíî ðîçä³ëèòè ó ãåë³ àáî æ íå º òî÷íèìè; 
êð³ì òîãî, ÿê ä³àãíîñòè÷íèé äëÿ Sr39 áóëî 
òàêîæ çàïðîïîíîâàíî ì³êðîñàòåë³òíèé ìàðêåð 
Xwmc474 (Bernardo et al, 2013). 

Ãåí Sr40 áóëî ³íòðîãðåñîâàíî â³ä T. timo-
pheevii subsp. armeniacum (Jakubz.) Slageren íà 
òðàíñëîêàö³¿ 2B-2G#2S (Dyck, 1992; Wu et al, 
2009). Ë³í³ÿ RL6088 ç ãåíîì Sr40 º ñò³éêîþ 
ïðîòè âñ³õ ðàñ ñòåáëîâî¿ ³ðæ³, âêëþ÷íî ç Ug99 
(Jin et al, 2007). Ë³í³ÿ ìîæå áóòè âèêîðèñòàíà 
ÿê äæåðåëî ãåíà, à ì³êðîñàòåë³òí³ ìàðêåðè 
Xgwm319, Xwmc344, Xwmc474, Xwmc477, Xgwm374 
òà Xwmc661 çàïðîïîíîâàíî ÿê ä³àãíîñòè÷í³ 
äëÿ ãåíà Sr40 (Wu et al, 2009). Æîäåí ç íàâå-
äåíèõ ìàðêåð³â íå âàë³äóâàëè â ï³çí³øèõ äîñ-
ë³äæåííÿõ, íàòîì³ñòü Bernardo et al (2013) çàïðî-
ïîíóâàëè äëÿ âèêîðèñòàííÿ ìàðêåð Xsr39#22r
ó âèïàäêó, ÿêùî â ñåëåêö³éíîìó ìàòåð³àë³, 
êóäè ïåðåíîñÿòü ãåí Sr40, çàâ³äîìî â³äñóòí³é 
ãåí Sr39. Ôðàãìåíò õðîìîñîìè ç ãåíîì Sr40 òà-
êîæ ì³ñòèòü ôàêòîðè, ùî âïëèâàþòü íà àãðî-
íîì³÷í³ âëàñòèâîñò³ ïøåíèö³ (Wu et al, 2009). 

Âðàõîâóþ÷è ïîïåðåäí³ äîñë³äæåííÿ ç âàë³-
äàö³¿ ìàðêåð³â íàìè áóëî ïðîâåäåíî òåñòóâàí-
íÿ ìîëåêóëÿðíèõ ìàðêåð³â äëÿ ³äåíòèô³êàö³¿ 
ãåí³â Sr39 òà Sr40 òà ìàðêåðíèé äîá³ð îçèìèõ 
ñåëåêö³éíèõ ë³í³é ç öèìè ãåíàìè ñåðåä ìàòå-

ð³àëó â³ä ñõðåùóâàííÿ ì³æ êîìåðö³éíèìè ñîð-
òàìè ïøåíèö³ ì’ÿêî¿ òà ÿðèìè ë³í³ÿìè – íî-
ñ³ÿìè ãåí³â ³íòåðåñó.

Ìàòåð³àëè òà ìåòîäè. Ó ðîáîò³ âèêîðèñòî-
âóâàëè êàíàäñüê³ ÿð³ ë³í³¿ – íîñ³¿ ãåí³â Sr39 
(RL5711) òà Sr40 (RL6089), ÿð³ ë³í³¿-ïîòåíö³é-
í³ íîñ³¿ öèõ ãåí³â (DH31, 35H2-3), êîìåðö³éí³ 
ñîðòè (îçèì³ ³ äâîðó÷êè) òà ðàí³øå ñòâîðåíèé 
ã³áðèäíèé ìàòåð³àë ïøåíèö³ ì’ÿêî¿ ç êîëåêö³¿ 
²íñòèòóòó õàð÷îâî¿ á³îòåõíîëîã³¿ òà ãåíîì³êè 
ÍÀÍ Óêðà¿íè, îòðèìàíèé â³ä ñõðåùóâàííÿ êî-
ìåðö³éíèõ ñîðò³â ç ë³í³ÿìè-íîñ³ÿìè åôåêòèâ-
íèõ ãåí³â ñò³éêîñò³ äî íåáåçïå÷íèõ ðàñ ñòåá-
ëîâî¿ ³ðæ³ ð³çíèõ ïîêîë³íü ï³ñëÿ ñõðåùóâàííÿ. 
Âèõ³äíèìè áàòüê³âñüêèìè ôîðìàìè äëÿ ñòâî-
ðåííÿ ñåëåêö³éíèõ ë³í³é áóëè ñîðò-äâîðó÷êà 
Õóòîðÿíêà ³ îçèìèé ñîðò Ñîëîì³ÿ. Çåðíî ñîð-
ò³â áóëî ëþá’ÿçíî íàäàíî Íàö³îíàëüíèì öåíò-
ðîì ãåíåòè÷íèõ ðåñóðñ³â ðîñëèí Óêðà¿íè ÍÀÀÍ 
(Õàðê³â). Çåðíî F1 â³ä ñõðåùóâàííÿ ÿðèõ ë³í³é
ç ñîðòàìè âèñ³âàëè íàâåñí³. Çåðíî F2 òà ïî-
äàëüø³ ïîêîë³ííÿ âèñ³âàëè âîñåíè. Àíàë³çóâà-
ëè çåðíà ç îêðåìèõ êîëîñ³â F2 êîìá³íàö³¿ ñõðå-
ùóâàííÿ Õóòîðÿíêà × RL6089 (Sr40) òà çåðíà
ç êîëîñ³â F4 êîìá³íàö³¿ ñõðåùóâàííÿ Ñîëî-
ì³ÿ × RL5711 (Sr39). 

ÄÍÊ âèä³ëÿëè ³ç çåðåí (ïîäð³áíåí³ îêðåì³ 
çåðí³âêè àáî íàâàæêà 50–100 ìã ñóì³ø³ òðüîõ 
ïîäð³áíåíèõ çåðåí) àáî ç 3-äîáîâèõ ïðîðîñò-
ê³â. Ïðè âèä³ëåíí³ ÄÍÊ ç ïðîðîñòê³â äëÿ
óñï³øíîãî ïðîðîùóâàííÿ íàñ³ííÿ ñòåðèë³çó-
âàëè, ùîá óíèêíóòè çàðàæåííÿ ãðèáàìè. Äëÿ 
öüîãî íàñ³ííÿ ïðîìèâàëè ï³ä ïðîòî÷íîþ âîäîþ 
ç âèêîðèñòàííÿì ð³äêîãî ãîñïîäàðñüêîãî ìèëà 
òà ïîâåðõíåâî ñòåðèë³çóâàëè çà ñõåìîþ: 2 õâ 
� 70%-íèé ñïèðò, 15 õâ – ã³ïîõëîðèò íàòð³þ 
òà áàãàòîðàçîâå ïðîìèâàííÿ ñòåðèëüíîþ äèñ-
òèëüîâàíîþ âîäîþ. Ï³ñëÿ öüîãî íàñ³ííÿ ðîçì³-
ùóâàëè íà ñòåðèëüíèé ô³ëüòðóâàëüíèé ïàï³ð ó 
÷àøêè Ïåòð³ äëÿ ïðîðîùóâàííÿ â òåðìîñòàò³.

Äëÿ âèä³ëåííÿ ÄÍÊ çàñòîñîâóâàëè ìåòîäè-
êó ç âèêîðèñòàííÿì ÖÒÀÁ àáî çà äîïîìîãîþ 
íàáîðó NeoPrep_100 («Íåîãåí™», Óêðà¿íà), ùî 
áàçóºòüñÿ íà âèêîðèñòàíí³ SiO2 (ñèë³ö³é (IV) 
îêñèä). Äëÿ ïðîâåäåííÿ ïîë³ìåðàçíî¿ ëàíöþ-
ãîâî¿ ðåàêö³¿ (ÏËÐ) âèêîðèñòîâóâàëè ãîòîâó 
ñóì³ø äëÿ ÏËÐ (PCR Master Mix) (Íåîãåí™, 
Óêðà¿íà) àáî ãîòóâàëè ñóì³ø ç êîìïîíåíò³â. 
Ïîñë³äîâíîñò³ ïðàéìåð³â, âèêîðèñòàí³ äëÿ àíà-
ë³çó, íàâåäåíî â òàáë. 1.
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Äëÿ ïðîâåäåííÿ ÏËÐ ç îáðàíèìè ïðàéìå-
ðàìè äî ãåí³â Sr39 òà Sr40 êîæíà ÏËÐ-ñóì³ø 
îá’ºìîì 10 ìêë ì³ñòèëà: áóôåð ç 10 ìÌ Tris-
HCl, 50 ìÌ KCl, 0,8 % (v/v) Nonidet P40, 
2,5 ìÌ MgCl2, 1 ïÌ ðåâåðñíîãî ïðàéìåðà
1 ïÌ ôîðâàðäíîãî ïðàéìåðà, 0,5 îä. DreamTaq 
ïîë³ìåðàçè, 0,1 ìÌ êîæíîãî ç òðèôîôñôàò³â 
(ÒÒÔ, ÃÒÔ, ÀÒÔ, ÖÒÔ) òà ïðèáëèçíî 50 íã 
ãåíîìíî¿ ÄÍÊ.

Ïðîäóêòè àìïë³ô³êàö³¿ ç ìàðêåðàìè äî Sr39 
òà Sr40 ðîçä³ëÿëè çà äîïîìîãîþ âåðòèêàëüíî-
ãî íåäåíàòóðóþ÷îãî åëåêòðîôîðåçó â 6%-íîìó 
ïîë³àêðèëàì³äíîìó ãåë³ (ÏÀÀÃ) íà ïëàñòèíàõ 
ðîçì³ðîì 200 × 200 × 1 ìì (Sambrook and Rus-
sell, 2001). Ôðàãìåíòè ÄÍÊ â ÏÀÀÃ â³çóàë³çóâà-
ëè øëÿõîì ôàðáóâàííÿ í³òðàòîì ñð³áëà (Ben-
bouza et al, 2006). Çàáàðâëåí³ ãåëåâ³ ïëàñòèíè 
ôîòîãðàôóâàëè öèôðîâîþ â³äåîêàìåðîþ. Àíà-
ë³ç çîáðàæåíü ïðîâîäèëè ç âèêîðèñòàííÿì ïðî-
ãðàìè GelAnalyzer (http://www.gelanalyzer.com/).
Äîâæèíó â³äòâîðþâàíèõ ³ íàéá³ëüø ÷³òêèõ ôðàã-
ìåíò³â âèçíà÷àëè, âèêîðèñòîâóþ÷è ÄÍÊ-ìàð-
êåð (O’Gene Ruler ™ 100bp Plus DNA Ladder, 
ready-to-use; «TermoFisher», ÑØÀ). Òàêîæ âèêî-
ðèñòîâóâàëè 2%-íèé àãàðîçíèé ãåëü ç äîäà-
âàííÿì áðîìèñòîãî åòèä³þ (Sambrook and Rus-
sell, 2001). Ï³ñëÿ åëåêòðîôîðåçó ãåëü ðîçì³ùó-

âàëè íà ÓÔ-ô³ëüòð³ òðàíñ³ëþì³íàòîðà ³ ôîòî-
ãðàôóâàëè.

Ðåçóëüòàòè. Ó õîä³ ïðîâåäåíèõ äîñë³äæåíü 
áóëî ïðîòåñòîâàíî íèçêó ÄÍÊ-ìàðêåð³â äëÿ 
äåòåêö³¿ ãåí³â Sr39 ³ Sr40 òà ï³ä³áðàíîë óìîâè 
ïðîâåäåííÿ ÏËÐ ç îáðàíèìè ìàðêåðàìè. Äëÿ 
³äåíòèô³êàö³¿ ãåíà Sr39 ³ ìàðêåðíîãî äîáîðó 
ë³í³é áóëî âèêîðèñòàíî ìîëåêóëÿðí³ ìàðêåðè 
Sr39#50, Sr39#22, BCD260 òà BE500705 (ðèñ. 1). 

Çà ðåçóëüòàòàìè ï³äáîðó óìîâ ïðîâåäåííÿ 
ÏËÐ çóïèíèëèñÿ íà òåìïåðàòóðíèõ ïðîòîêîëàõ, 
â³äîáðàæåíèõ â òàáë. 2.

ßê âèäíî ç îòðèìàíèõ åëåêòðîôîðåãðàì, 
³íôîðìàòèâíèìè âèÿâèëèñÿ ëèøå òðè ìàðêå-
ðè, à ñàìå Sr39#50, Sr39#22 òà BCD260, ïðè 
öüîìó Sr39#50 ³ Sr39#22 äàâàëè îäíàêîâ³ ìàð-
êåðí³ ñìóãè ó çðàçê³â RL5711 òà RL6089 (ðèñ. 1).
Ó öèõ çðàçê³â çà äâîìà ÄÍÊ-ìàðêåðàìè âè-
ÿâëåíî àìïë³êîíè, ùî â³äïîâ³äàþòü ãåíó ñò³é-
êîñò³ Sr39, çîêðåìà ðîçì³ðîì á³ëÿ 310 ï.í. äëÿ 
Sr39#50 ³ á³ëÿ 800 ï.í äëÿ Sr39#22. Àìïë³êîí 
çàâäîâæêè 931 ï.í. ç ìàðêåðîì BCD260 îò-
ðèìàíî ëèøå ó ë³í³¿ RL5711. Ó çðàçêà 35H2-3 
ãåí ñò³éêîñò³ Sr39 âèÿâëåíî ëèøå çà ìàðêåðîì 
Sr39#22. Îòðèìàí³ äàí³ óçãîäæóþòüñÿ ç ïî-
ïåðåäí³ìè äîñë³äæåííÿìè, àäæå ñàìå çðàçêè 
35H2-3 òà RL5711 âèêîðèñòîâóâàëèñÿ ÿê äæå-

Ãåí Ìàðêåð Ïîñë³äîâí³ñòü ïðàéìåð³â Ïîñèëàííÿ

Sr39

Sr39, Sr40

Sr39, Sr40

Sr39, Sr40

Sr39, Sr40

Sr39

Sr40

BE500705

Xmag2090

Xmag464

Xcnl158

Xwmc25

Sr39#50

Sr39#22

BCD260

Xwmc344

F: 5�-atctgtggcagtgtgctcct-3�
R: 5�-tcctgcaaatgcttgtcgtt-3�
F: 5�-aaaggtgtaagcgtggcatc-3�
R: 5�-acacgcataatgcactccag-3�
F: 5�-cttgtgagggagggttcttg-3�
R: 5'-cacaccacgaagctgttgtt-3�
F: 5�-ctcatcccaccaccaccac-3�
R: 5�- ccctgaagaagtcgaacacg-3�
F: 5�- tctggccaggatcaatattact-3�
R: 5�-taagatacatagatccaacacc-3�
F: 5�- ccaatgaggagatcaaaacaacc-3�
R: 5'-tagcaaggaccaagcaatcttg-3�
F: 5�-agagaagataagcagtaaacatg-3�
R: 5�-tgctgtcatgagaggaactctg-3�
F: 5�-ttttgagaatcagtcatcac-3�
R: 5�-gaagttaaagaggtcttgac-3�
F: 5�-atttcagtctaattagcgttgg-3� 
R: 5�-aacaaagaacataattaacccc-3�

https://maswheat.ucdavis.edu/
protocols/Sr39
Hu et al, 2012

Zhang et al, 2006

Mago et al., 2009

Seyfarth et al, 1999

Wu et al, 2009

Òàáëèöÿ 1. Ïîñë³äîâíîñò³ ïðàéìåð³â, âèêîðèñòàíèõ äëÿ ³äåíòèô³êàö³¿ ãåí³â Sr39 òà Sr40
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Ìàðêåðè ãåí³â ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ Sr39 òà Sr40 äëÿ äîáîðó ñåëåêö³éíèõ ë³í³é ïøåíèö³

ðåëî ãåíà Sr39. Çðàçîê RL6089 âèñòóïàâ ÿê 
êîíòðîëü íàÿâíîñò³ ãåíà Sr40, à òîìó îòðèìàí³ 
äàí³ ñâ³ä÷àòü ïðî òå, ùî ìàðêåðè Sr39#50 òà
Sr39#22 ìîæóòü áóòè åôåêòèâíèìè äëÿ äåòåê-
òóâàííÿ íå ëèøå ãåíà Sr39, à é ãåíà Sr40, ùî 
ï³äòâåðäæóº äàí³ Bernardo et al (2013).

Òàêîæ áóëî ïðîòåñòîâàíî SSR-ìàðêåðè, ÿê³
á ìîãëè áóòè êîðèñíèìè äëÿ äåòåêö³¿ ãåí³â 
Sr39/Sr40: Xmag2090, Xmag464, Xcnl158, Xwmc25 
(ðèñ. 2). Ïîë³ìîðô³çì ñïîñòåð³ãàâñÿ ëèøå çà
âèêîðèñòàííÿ äâîõ ìàðêåð³â – Xmag2090 òà

Xwmc25. Îäíàê, ñïèðàþ÷èñü íà àíàë³ç îòðè-
ìàíèõ ðåçóëüòàò³â äëÿ êîíòðîëüíèõ çðàçê³â, ïî-
äàëüøå âèêîðèñòàííÿ öèõ ìàðêåð³â ìîæëèâå 
ëèøå ó ïîºäíàíí³ ç ³íøèìè ÄÍÊ-ìàðêåðàìè, 
îñê³ëüêè âîíè íå äîçâîëÿþòü îäíîçíà÷íî äè-
ôåðåíö³þâàòè ñò³éê³ òà íåñò³éê³ ãåíîòèïè, òîá-
òî ç íàÿâíèìè àáî â³äñóòí³ìè ãåíàìè Sr39/Sr40.

Íà ï³äñòàâ³ àíàë³çó ðàí³øå îòðèìàíèõ äà-
íèõ äëÿ äåòåêö³¿ àëåëÿ ñò³éêîñò³ ãåíà Sr40 âè-
êîðèñòîâóâàëè ìàðêåð Xwmc344. Òåñòóâàííÿ ð³ç-
íèõ óìîâ ïðîâåäåííÿ ÏËÐ ç³ çãàäàíèì ìàðêå-

Ðèñ. 1. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr39, òà ÄÍÊ ñîðò³â Õóòîðÿíêà (1), Ñîëîì³ÿ 
(2), Àô³íà (3), ë³í³é RL6089 (4), 35H2-3 (5), DK20 (6), RL5711 (7) òà DH31(8); M – ìàðêåð (100 bp DNA 
Ladder) (åëåêòðîôîðåç â ÏÀÀÃ)

Òàáëèöÿ 2. Óìîâè ÏËÐ äëÿ ìàðêåð³â ãåí³â Sr39 ³ Sr40

Ìàðêåð Óìîâè ÏËÐ

Sr39#50s

Sr39#22r

BCD260

BE500705

Xmag2090

Xmag464

Xcnl158

Xwmc25

Xwmc344 

1 öèêë: 95 ºC – 4 õâ 30 öèêë³â: 95 ºC – 30 ñ, 56 ºC – 30 ñ, 72 ºC – 60 ñ, 1 öèêë: 72 ºC – 7 õâ

1 öèêë: 95 ºC – 4 õâ, 35 öèêë³â: 95 ºC – 30 ñ, 57 ºC – 45 ñ, 72 ºC – 60 ñ, 1 öèêë: 72 ºC – 7 õâ

1 öèêë: 94 ºÑ – 3 õâ, 35 öèêë³â: 94 ºÑ – 45 ñ, 58 ºÑ – 45 ñ, 72 ºÑ – 1 õâ, 1 öèêë: 72 ºC – 5 õâ

1 öèêë: 94 ºC – 3 õâ, 35 öèêë³â: 94 ºC – 30 ñ, 56 ºC – 30 ñ, 72 ºC – 40 ñ, 1 öèêë: 72 ºC – 10 õâ

1 öèêë: 94 ºC – 3 õâ, 30 öèêë³â: 94 ºC – 30 ñ, 52 ºC – 30 ñ. 72 ºC – 40 ñ. 1 öèêë: 72 ºC – 10 õâ

1 öèêë: 94 ºC – 4 õâ, 30 öèêë³â: 94 ºC – 30 ñ, 52 ºC – 30 ñ, 72 ºC – 40 ñ, 1 öèêë: 72 ºC – 10 õâ

1 öèêë: 94 ºC – 3 õâ, 35 öèêë³â: 94 ºC – 30 ñ, 52 ºC – 30 ñ, 72 ºC – 40 ñ, 1 öèêë: 72 ºC – 10 õâ

1 öèêë: 94 ºC – 4 õâ, 35 öèêë³â: 94 ºC – 30 ñ, 55 ºC – 45 ñ, 72 ºC – 50 ñ, 1 öèêë: 72 ºC – 10 õâ

1 öèêë: 95 ºC – 4 õâ, 4 öèêëè: 95 ºC – 30 ñ, 55 ºC – 30 ñ, 72 ºC – 60 ñ, 4 öèêëè: 95 ºC –
30 ñ, 54 ºC – 30 ñ, 72 ìC – 60 ñ, 25 öèêë³â: 95 ºC – 30 ñ, 55 ºC – 30 ñ, 72 ºC – 60 ñ, 1 öèêë: 
72 ºC – 7 õâ
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ðîì äîçâîëèëî çóïèíèòèñü íà òåìïåðàòóðíîìó 
ïðîòîêîë³, íàâåäåíîìó â òàáë. 2. Äëÿ öüîãî
ìàðêåðà ó ë³í³¿ RL6089 ç ãåíîì Sr40 ñïîñòå-
ð³ãàºòüñÿ ïîºäíàííÿ äâîõ àìïë³êîí³â ðîçì³ðîì
264 òà 248 ï.í., ùî, î÷åâèäíî, â³äïîâ³äàº àëåëþ 
ñò³éêîñò³ (ðèñ. 3). Îäíàê ðåøòà äîñë³äæåíèõ 
ë³í³é àáî ñîðò³â ó ñïåêòð³ àìïë³êîí³â õàðàêòå-
ðèçóþòüñÿ íàÿâí³ñòþ ³íòåíñèâíî¿ ñìóãè îäíî-
ãî ç öèõ àìïë³êîí³â: 248 àáî 264 ï.í. (ðèñ. 3). 
Á³ëüøå òîãî, äåÿê³ çðàçêè, íàïðèêëàä ñîðò Àô³-
íà, ìàþòü ïîä³áíó êîìá³íàö³þ ìàðêåðíèõ ñìóã, 
õî÷à ³ ç ìåíøîþ ³íòåíñèâí³ñòþ ôðàãìåíòà 
çàâäîâæêè 248 ï.í. Òîìó öåé ìàðêåð íå ìîæíà 
ââàæàòè íàä³éíèì äëÿ äåòåêö³¿ íîñ³¿â Sr40.

Áàçóþ÷èñü íà ðåçóëüòàòàõ ïðîâåäåíîãî òåñ-
òóâàííÿ ìàðêåð³â äëÿ àíàë³çó ñåëåêö³éíîãî ìà-
òåð³àëó â³ä ñõðåùóâàííÿ êîìåðö³éíèõ ñîðò³â 
ïøåíèö³ ç ë³í³ÿìè, ùî ì³ñòèëè ãåíè Sr39 àáî 

Sr40, íàìè áóëî âèáðàíî ìàðêåðè Sr39#50 ³
Sr39#22 ÿê íàéá³ëüø íàä³éí³. Ðåçóëüòàòè àíà-
ë³çó âèá³ðêè çåðåí ç îêðåìèõ êîëîñ³â F2 â³ä 
ñõðåùóâàííÿ Õóòîðÿíêà × RL6089 (Sr40) çà 
ìàðêåðîì Sr39#50 íàâåäåíî íà ðèñ. 4.

Ðåçóëüòàòè àíàë³çó ç ìàðêåðîì Sr39#50 âè-
ÿâèëè àëåëü ñò³éêîñò³ ó 23 çðàçê³â ç 50 (çîêðåìà, 
ó ãîìîçèãîò çà ìàðêåðîì ñò³éêîñò³ 104, 111, 116, 
117, 119, 120, 121, 122, 123, 144, 147, 149) (ðèñ. 4).
Ó ÷àñòèíè çðàçê³â âèçíà÷àëè ÿê àëåëü ñò³éêîñò³ 
Sr40, òàê ³ àëåëü ÷óòëèâîñò³, ùî ñâ³ä÷èòü 
ïðî ãåòåðîçèãîòíèé ñòàí çðàçê³â. Çàãàëîì 
ñåðåä ïðîàíàë³çîâàíî¿ âèá³ðêè êîëîñ³â F2 â³ä 
ñõðåùóâàííÿ Õóòîðÿíêà × RL6089 ìàðêåð ãåíà 
Sr40 âèÿâëåíî ó 46 % çðàçê³â. 

Ç âèêîðèñòàííÿì ïðàéìåð³â Sr39#50 ³ Sr39#22
³äåíòèô³êîâàíî íîñ³¿â ãåíà Sr39 ñåðåä êîëîñ³â 
F4 â³ä ñõðåùåííÿ Ñîëîì³ÿ × RL5711. Ðåçóëü-

Ðèñ. 2. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ì³êðîñàòåë³òí³ ìàðêåðè, òà ÄÍÊ ñîðò³â Õóòîðÿíêà (1), 
Ñîëîì³ÿ (2), Àô³íà (3), ë³í³é RL6089 (4), 35H2-3 (5), DK20 (6), RL5711 (7) òà DH31 (8); M – ìàðêåð (100 bp
DNA Ladder) (åëåêòðîôîðåç â ÏÀÀÃ)

Ðèñ. 3. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ì³êðîñàòåë³òíèé ìàðêåð Xwmc344 òà ÄÍÊ ñîðò³â 
Õóòîðÿíêà (1), Ñîëîì³ÿ (2), Àô³íà (3), ë³í³é RL6089 (4), 35H2-3 (5), DK20 (6), RL5711 (7) òà DH31(8); 
M – ìàðêåð (100 bp DNA Ladder) (åëåêòðîôîðåç â ÏÀÀÃ)
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Ðèñ. 4. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr39#50, òà ÄÍÊ çåðåí ç êîëîñ³â F2 

â³ä ñõðåùóâàííÿ Õóòîðÿíêà × RL6089 (åëåêòðîôîðåç â ÏÀÀÃ). Íîìåðè çâåðõó – íîìåðè êîëîñ³â. R – 
ïðèñóòí³ñòü Sr40

Ðèñ. 5. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr39#50, òà ÄÍÊ çåðåí ç êîëîñ³â F4 â³ä 
ñõðåùóâàííÿ Ñîëîì³ÿ × RL5711 (åëåêòðîôîðåç â ÏÀÀÃ). Íîìåðè çâåðõó – íîìåðè êîëîñ³â. R – ïðèñóò-
í³ñòü Sr39

Ðèñ. 6. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr39#22, òà ÄÍÊ çåðåí ç êîëîñ³â F4 â³ä 
ñõðåùóâàííÿ Ñîëîì³ÿ × RL5711 (åëåêòðîôîðåç â ÏÀÀÃ). Íîìåðè çâåðõó – íîìåðè êîëîñ³â. R – ïðèñóò-
í³ñòü Sr39

Ðèñ. 7. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr39#22, òà ÄÍÊ çåðåí ç êîëîñ³â F4 â³ä 
ñõðåùóâàííÿ Ñîëîì³ÿ × RL5711 (1–14) ïðè åëåêòðîôîðåç³ â àãàðîçíîìó ãåë³. 15 – ë³í³ÿ RL5711



10 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2024. Ò. 58. ¹ 6

Ï³ðêî ß.Â., Êîçóá Í.Î., Ðàáîêîíü À.Ì. òà ³í.

òàòè àíàë³çó çà ö³ëüîâèì ãåíîì çåðåí ç êîëîñ³â 
F4 Ñîëîì³ÿ × RL5711 ïîêàçàíî íà ðèñ. 5 ³ 6.

Ñåðåä ïðîàíàë³çîâàíèõ 36 çðàçê³â êîëîñ³â 
F4 â³ä ñõðåùóâàííÿ Ñîëîì³ÿ × RL5711 ãåí 
ñò³éêîñò³ Sr39 çà ìàðêåðîì Sr39#50 âèÿâëåíî 
ëèøå ó 4 çðàçê³â. Ó öèõ æå çðàçê³â âñòàíîâëå-
íî ïðèñóòí³ñòü ìàðêåðà Sr39#22 (ðèñ. 5 ³ 6). 
Êð³ì öüîãî, ó ÷àñòèíè çðàçê³â (íàïðèêëàä, 
çðàçêè 354–356, 358, 359, 363–366 íà ðèñ. 6) 
áóâ ïðèñóòí³é àìïë³êîí á³ëÿ 800 ï.í. ç ìàðêå-
ðîì Sr39#22 ïðè â³äñóòíîñò³ ìàðêåð³â ñò³éêîñ-
ò³ ç Sr39#50. Â³äñîòîê òàêèõ ãåíîòèï³â ñêëàâ 
ïðèáëèçíî 33 %. Íà ðèñ. 7 ïîêàçàíî ðåçóëü-
òàòè åëåêòðîôîðåçó â àãàðîçíîìó ãåë³ ïðîäóê-
ò³â àìïë³ô³êàö³¿ ç ïðàéìåðàìè äî Sr39#22 ë³-
í³é F4 â³ä ñõðåùóâàííÿ Ñîëîì³ÿ × RL5711. Ó ðå-
çóëüòàò³ àíàë³çó áóëî â³ä³áðàíî íèçêó îçèìèõ ë³-
í³é F5 Ñîëîì³ÿ × RL5711 ç ãåíîì Sr39 (ðèñ. 8).

Îáãîâîðåííÿ. Âàë³äàö³ÿ ïðàéìåð³â ãåí³â ñò³é-
êîñò³ º ïðåäìåòîì äåòàëüíîãî âèâ÷åííÿ ç îã-
ëÿäó ÿê íà ïåðñïåêòèâè âèêîðèñòàííÿ â ñå-

ëåêö³éíèõ ïðîãðàìàõ, òàê ³ äëÿ ïîäàëüøîãî 
äîñë³äæåííÿ ëîêóñó ³íòåðåñó (Bernardo et al, 
2013). Îñòàòî÷íîþ ìåòîþ òàêèõ äîñë³äæåíü º
îïèñ ³ ñåêâåíóâàííÿ ãåí³â-êàíäèäàò³â, òî÷í³
ãåí-ñïåöèô³÷í³ ìàðêåðè ³ ðîçøèðåííÿ ôóíäà-
ìåíòàëüíî¿ áàçè òà ðîçóì³ííÿ ìåõàí³çì³â ñò³é-
êîñò³ ðîñëèí äî á³îòðîôíèõ ô³òîïàòîãåí³â. Çî-
êðåìà, òàêèì ÷èíîì áóëî ñåêâåíîâàíî íèçêó 
³íòðîãðåñîâàíèõ ãåí³â ñò³éêîñò³ ïøåíèö³ äî 
ñòåáëîâî¿ ³ðæ³, à ñàìå ãåí³â Sr2, Sr22, Sr26, Sr33, 
Sr35 (Periyannan et al, 2013; Mago et al, 2014; 
Steuernagel et al, 2016; Zhang et al, 2021). Á³ëü-
ø³ñòü ³íòðîãðåñîâàíèõ ãåí³â º ðàñîñïåöèô³÷-
íèìè é î÷³êóâàíî ¿õ ïðîäóêòè íàëåæàòü äî 
â³äíîñíî êîíñåðâàòèâíî¿ ãðóïè ïðîòå¿í³â ³ç
ñàéòîì çâ’ÿçóâàííÿ íóêëåîòèä³â, N-òåðì³íàëü-
íèì íàäñï³ðàë³çîâàíèì äîìåíîì òà C-òåðì³-
íàëüíèì áàãàòèì íà ëåéöèí ïîâòîðîì (Periyan-
nan et al, 2013; Steuernagel et al, 2016; Zhang et 
al, 2021), àëå º é âèíÿòêè (Mago et al, 2014). 
Ó âèïàäêó ãåí³â Sr39 òà Sr40 äîäàòêîâèì çàâ-
äàííÿì º çìåíøåííÿ ³íòðîãðåñîâàíîãî ôðàã-
ìåíòà ÷óæîð³äíî¿ õðîìîñîìè òà óñóíåííÿ ÷èí-
íèê³â, ùî íåãàòèâíî âïëèâàþòü íà ñ³ëüñüêî-
ãîñïîäàðñüê³ îçíàêè ç³ çáåðåæåííÿì ñò³éêîñò³ 
(Mago et al, 2009; Niu et al, 2011).

Îïòèì³çàö³ÿ ïðîòîêîë³â ÏËÐ ç ìåòîþ ïðè-
øâèäøåííÿ ïðîâåäåííÿ àíàë³çó àáî é âçàãàë³ 
îòðèìàííÿ á³ëüø ÿê³ñíèõ åëåêòðîôîðåãðàì ³, 
â³äïîâ³äíî, îäíîçíà÷íèõ ðåçóëüòàò³â àíàë³çó º
âàæëèâîþ ÷àñòèíîþ ñó÷àñíî¿ ëàáîðàòîðíî¿ ïðàê-
òèêè (Nurdan et al, 2001). Òàê, àâòîðè âñ³õ 
âèêîðèñòàíèõ ó öüîìó äîñë³äæåíí³ ìàðêåð³â 
ïðîïîíóþòü âèêîðèñòîâóâàòè ïîñòóïîâå çíè-
æåííÿ òåìïåðàòóðè â³äïàëþâàííÿ ïðàéìåð³â 
(òà÷-äàóí), ùî ñóòòºâî çá³ëüøóº ÷àñ ïåðåá³ãó 
ðåàêö³¿ òà íå º ñóì³ñíèì ç óñ³ìà íàáîðàìè ðå-
àêòèâ³â (Mago et al, 2009; Wu et al, 2009, Ber-
nardo et al, 2013). Íàì âäàëîñü îòðèìàòè 
åëåêòðîôîðåãðàìè çàäîâ³ëüíî¿ ÿêîñò³ áåç òà÷-
äàóíà (äèâ. òàáë. 1 ³ 2, ðèñ. 1–6). Ñë³ä çàçíà-
÷èòè, ùî ðîçä³ëåííÿ àìïë³êîí³â ïðîâîäèëîñÿ
ó ÏÀÀÃ. Á³ëüø òîãî, äëÿ ìàðêåðà Xwmc344 
àâòîðè ïðîïîíóþòü îñíîâíó òåìïåðàòóðó â³ä-
ïàëþâàííÿ íà ð³âí³ 50º (Wu et al, 2009). Çàïðî-
ïîíîâàíèé íàìè ïðîòîêîë º á³ëüø îïòèìàëü-
íèì ³, éìîâ³ðíî, â ðåçóëüòàò³ ïðîäóêóºòüñÿ ìåí-
øå íåñïåöèô³÷íèõ ôðàãìåíò³â (Wu et al, 1991).

Îòæå, â íàøîìó äîñë³äæåíí³ îïòèì³çîâà-
íî óìîâè ïðîâåäåííÿ ÏËÐ ç ìîëåêóëÿðíèìè 

Ðèñ. 8. Êîëîñè ë³í³¿ F5 â³ä ñõðåùóâàííÿ Ñîëîì³ÿ ×
× RL5711 ç Sr39 (1) òà ë³í³¿ RL5711 (2)
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ìàðêåðàìè, ä³àãíîñòè÷íèìè äëÿ ãåí³â Sr39 òà 
Sr40. Íàéá³ëüø åôåêòèâíèìè äëÿ âèçíà÷åííÿ 
ãåíà Sr39 âèÿâèëèñÿ ìàðêåðè Sr39#50s ³ 
Sr39#22r, ðîçðîáëåí³ Mago et al (2009). Á³ëü-
øå òîãî, âèÿâèëîñü, ùî ö³ ìàðêåðè ìîæóòü 
áóòè åôåêòèâíèìè ³ äëÿ ãåíà Sr40, ùî ï³ä-
òâåðäæóº ðåçóëüòàòè äîñë³äæåííÿ Bernardo et
al (2013). Îäíàê, äåùî íåîäíîçíà÷íîþ º ñè-
òóàö³ÿ ç ìàðêåðîì Sr39#50s. Ó äîñë³äæåíí³ Niu 
et al (2011) ÿê ä³àãíîñòè÷íà ñìóãà ãåíà ñò³é-
êîñò³ çà Sr39#50s íàâîäèòüñÿ 380 ï.í. (äèâ. 
ðèñ. 4 ç ö³º¿ ðîáîòè), à â ðîáîò³ Bernardo et 
al (2013) – 300 + 301 ï.í. Ïðè âèêîðèñòàíí³ 
ÏÀÀÃ ³ ôàðáóâàíí³ ñð³áëîì íàìè âèçíà÷åíî 
ä³àãíîñòè÷íó ñìóãó ÿê 310 ï.í. Ó íàøîìó äî-
ñë³äæåíí³ íå âñ³ ë³í³¿ F4 â³ä ñõðåùóâàííÿ Ñî-
ëîì³ÿ × RL5711 ç ìàðêåðíèì àìïë³êîíîì çà 
Sr39#22r ìàëè ìàðêåð ñò³éêîñò³ çà Sr39#50s. 
Ïîä³áíó ñèòóàö³þ áóëî ïîêàçàíî äëÿ ë³í³é ç³ 
çìåíøåíèì ôðàãìåíòîì òðàíñëîêàö³¿ â³ä Ae. 
speltoides Niu et al (2011). Òîìó ïðèñóòí³ñòü ö³-
ëüîâîãî ãåíà ó òàêèõ âèïàäêàõ ïîòð³áíî ï³ä-
òâåðäæóâàòè ç âèêîðèñòàííÿì äîäàòêîâèõ ìî-
ëåêóëÿðíèõ ìàðêåð³â. Äëÿ öüîãî ìîæóòü áóòè 
êîðèñíèìè ³ ì³êðîñàòåë³òí³ ìàðêåðè, íàïðè-
êëàä, Xmag2090 òà Xwmc25, ïðîòå ï³äá³ð ìàð-
êåð³â ñë³ä ïðîâîäèòè äëÿ êîíêðåòíî¿ êîìá³íà-
ö³¿ ñõðåùóâàííÿ ç âðàõóâàííÿì â³äì³ííîñòåé 
ñïåêòð³â àìïë³ô³êàö³¿ áàòüê³âñüêèõ ôîðì, îñ-
ê³ëüêè ïåâí³, ðàí³øå çàÿâëåí³ ìàðêåðí³ àìïë³-
êîíè äëÿ ãåí³â ñò³éêîñò³ ìîæóòü çóñòð³÷àòèñü 
òàêîæ ó ñïåêòðàõ ñîðò³â áåç öèõ ãåí³â (Ber-
nardo et al, 2013).

Çíèæåíó ÷àñòîòó íîñ³¿â ãåíà Sr40, â³ä³áðà-
íèõ â íàøîìó äîñë³äæåíí³ ç âèêîðèñòàííÿì 
ìîëåêóëÿðíèõ ìàðêåð³â, ìîæíà ïîÿñíèòè ðîç-
ì³ùåííÿì ãåíà íà âåëèê³é òðàíñëîêàö³¿ 2B-
2G#2S â³ä T. timopheevii, ùî îõîïëþº á³ëüøó 
÷àñòèíó õðîìîñîìè 2B. Â³äîìî, ùî íà õðîìî-
ñîì³ 2Â çíàõîäÿòüñÿ ãåíè ÷óòëèâîñò³ äî ôîòî-
ïåð³îäó, ùî âèçíà÷àþòü ÷àñ öâ³ò³ííÿ òà àäàïòà-
ö³þ äî ð³çíèõ àãðîêë³ìàòè÷íèõ óìîâ, çîêðåìà 
ãåí Ppd-B1 (Scarth et al, 1983; Bhati et al, 2022). 
Î÷åâèäíî, ³íòðîãðåñ³ÿ ãåíà Sr40 âèÿâèëàñü ïî-
â’ÿçàíîþ ç ³íòðîãðåñ³ºþ ôàêòîð³â ðåàêö³¿ íà 
ôîòîïåð³îä, ùî ìîãëî âïëèâàòè íà âèæèâàí-
íÿ îçèìèõ ãåíîòèï³â ç òàêèì ïîºäíàííÿì ïðè 
ñòâîðåíí³ äîñë³äæóâàíèõ ë³í³é. Çíèæåíà ÷àñ-
òîòà íîñ³¿â ãåíà Sr39, ìîæëèâî, òàêîæ ïîâ’ÿçà-
íà ç³ çíèæåíèì âèæèâàííÿì ãåíîòèï³â ç ³íòðî-

ãðåñ³ºþ ôðàãìåíòà õðîìîñîìè 2S Ae. speltoides 
íà õðîìîñîìó 2B (T2B/2S#2) ïðè îçèìîìó ïî-
ñ³â³. Â³ä³áðàí³ îçèì³ ë³í³¿ ïøåíèö³ ç ãåíàìè 
Sr39 àáî Sr40 ìîæóòü  áóòè âèêîðèñòàí³ ÿê  
âèõ³äíèé ìàòåð³àë äëÿ ñåëåêö³¿ äëÿ âïðîâàä-
æåííÿ íîâèõ ãåí³â ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³
â êîìåðö³éí³ ñîðòè.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü ç âèêîðèñòàííÿì 
ëþäåé ³ òâàðèí ÿê îá’ºêò³â.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî 
â³äñóòí³ñòü áóäü-ÿêèõ êîíôë³êò³â ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Ðîáîòó áóëî âèêîíàíî çà ô³-
íàíñîâî¿ ï³äòðèìêè Ï³ðêà ß.Â., Êîçóá Í.Î., 
Ðàáîêîíü À.Ì., Øèøè Î.Ì., Ñîç³íîâà ².Î., 
Êàðåëîâà À.Â., Ñîç³íîâî¿ Î.²., ªìåöü À.²., à 
òàêîæ Êâàñêî À.Þ. òà Áëþìà Ð.ß., ÿêèì àâ-
òîðè äÿêóþòü çà òåõí³÷íó äîïîìîãó ó âèêî-
íàíí³ äîñë³äæåíü, â ðàìêàõ ïðîºêòó ÍÔÄÓ
2021.01/0313 «Ñòâîðåííÿ ãåíîòèï³â ïøåíèö³
ì’ÿêî¿ ç ãåíàìè ñò³éêîñò³ ïðîòè âèñîêîïàòî-
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Introduction of genes conferring resistance to Puccinia 
graminis is considered to be the best approach to protect 
wheat against stem rust. To facilitate marker-assisted 
selection of winter common wheat breeding lines 
with the stem rust resistance genes Sr39 and Sr40, 
the testing of molecular markers for these genes was
carried out. The markers used for the research were the 
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following: BE500705, Xmag2090, Xmag464, Xcnl158,
Xwmc25, Sr39#50, Sr39#22, BCD260, and Xwmc344. 
Among the simple sequence repeat markers, only 
Xmag2090, Xwmc25, and Xwmc344 proved to be poly-
morphic upon analysis of amplicons by polyacrylamide 
gel electrophoresis followed by silver staining. The marker 
Sr39#50 as well as Sr39#22 produced similar amplicons 
in the control lines RL5711 with Sr39 and RL6089 
with Sr40 while amplified fragments were absent in the 
cultivars. Sr39#50 and Sr39#22 were used for marker-
assisted selection of F2 lines from the cross Khutorian-
ka × RL6089 (Sr40) and F4 lines from the cross Solo-
miia × RL5711 (Sr39). Using Sr39#50, Sr40 resistance 
marker was found in 46 % of the F2 offspring from the 
cross Khutorianka × RL6089. Among the F4 offspring 
from the cross Solomiia × RL5711, the frequency of 
genotypes with the combination of the Sr39#50 and 
Sr39#22 marker amplicons was only 11 %. Additionally, 
33 % of the F4 lines showed the Sr39#22 amplicon of 
about 800 bp but lacked the Sr39#50 resistance markers. 
The reduced frequency of lines with the Sr39 and Sr40 
genes may be due to the decreased survival of genotypes 
with the 2B chromosome introgression after fall plant-
ing. The winter wheat lines with the Sr39 or Sr40 gene 
may be used as the initial material in breeding programs.
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