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Ñòåáëîâà ³ðæà, çáóäíèêîì ÿêî¿ º ãðèá Puccinia graminis 
Pers. – íåáåçïå÷íà õâîðîáà ïøåíèö³, ùî çóñòð³÷àºòüñÿ
â óñ³õ ðåã³îíàõ ¿¿ âèðîùóâàííÿ. Îñòàíí³ äåñÿòèë³òòÿ 
õàðàêòåðèçóþòüñÿ âèíèêíåííÿì íîâèõ âèñîêîâ³ðó-
ëåíòíèõ ðàñ, ùî ïðèçâîäÿòü äî çíà÷íèõ âòðàò óðî-
æàþ ïøåíèö³. Îäíèì ³ç ãåí³â, ùî çàáåçïå÷óº ñò³éê³ñòü 
äî á³ëüøîñò³ ðàñ ñòåáëîâî¿ ³ðæ³, âêëþ÷íî ç Ug99, º ãåí 
Sr33 â³ä Aegilops tauschii. Äëÿ ñòâîðåííÿ îçèìèõ ë³í³é 
ïøåíèö³ ì`ÿêî¿ ç ãåíîì Sr33 ³ âèçíà÷åííÿ ìîæëèâîãî 
âïëèâó ãåíà íà îçíàêè ïðîäóêòèâíîñò³ ïðîâåäåíî 
ñõðåùóâàííÿ ë³í³¿ ÿðî¿ ïøåíèö³ DH31, ÿêà º íîñ³ºì ãåíà 
Sr33, òà îçèìîãî ñîðòó Ìèðõàä ç íàñòóïíèì ìàðêåð-
íèì äîáîðîì îçèìèõ ãåíîòèï³â ç öèì ãåíîì, ïî÷èíàþ-
÷è ç F3. Äëÿ ³äåíòèô³êàö³¿ ãåíà Sr33 âèêîðèñòîâóâàëè 
ÏËÐ ç ãåí-ñïåöèô³÷íèìè ïðàéìåðàìè Sr33A. Àëåë³ 
ëîêóñ³â çàïàñíèõ á³ëê³â áàòüê³âñüêèõ ôîðì âèçíà÷àëè 
çà äîïîìîãîþ åëåêòðîôîðåçó â êèñëîìó ñåðåäîâèù³ òà
SDS-åëåêòðîôîðåçó, à òàêîæ ç âèêîðèñòàííÿì ìîëå-
êóëÿðíîãî ìàðêåðà MAR äëÿ Glu-B1al. Øëÿõîì ìàð-
êåðíîãî äîáîðó ñòâîðåíî îçèì³ ë³í³¿ F5 ç ãåíîì Sr33 
â³ä ñõðåùóâàííÿ DH31 × Ìèðõàä. Áóëî ïðîíàë³çîâàíî 
îçíàêè ïðîäóêòèâíîñò³ êîëîñ³â F5 ç ðîäèí, ùî ïîõîäÿòü 
â³ä îêðåìèõ êîëîñ³â F3 ç ãåíîì Sr33 ³ áåç íüîãî, âðàõî-
âóþ÷è òå, ùî ë³í³ÿ DH31 ìàº ñïåöèô³÷íèé àëåëü Gli-D1 
â³ä Ae. tauschii, òåìíèé êîë³ð êîëîñêîâèõ ëóñîê òà àëåë³ 
ëîêóñ³â âèñîêîìîëåêóëÿðíèõ ñóáîäèíèöü ãëþòåí³í³â, ïî-
â’ÿçàí³ ç âèñîêîþ ñèëîþ ò³ñòà, çîêðåìà Glu-B1al. Ïî-
ð³âíÿííÿ ñåðåäí³õ çíà÷åíü îçíàê ïðîäóêòèâíîñò³ äëÿ êî-
ëîñ³â ç ðîäèí ç ãåíîì Sr33 òà áåç íüîãî íå âèÿâèëî 
³ñòîòíèõ â³äì³ííîñòåé ì³æ öèìè äâîìà ãðóïàìè. Ðå-
çóëüòàòè ïðîâåäåíî¿ îö³íêè îçíàê ïðîäóêòèâíîñò³ êî-
ëîñà äîçâîëÿþòü ïðèïóñòèòè, ùî ïðèñóòí³ñòü ãåíà 

Sr33 íå ñïðàâëÿº íåãàòèâíîãî åôåêòó íà óðîæàéí³ñòü 
îòðèìàíèõ ë³í³é. Òàêèì ÷èíîì, ë³í³¿ F5 ç ãåíîì Sr33 
â³ä ñõðåùóâàííÿ DH31 × Ìèðõàä ìîæóòü áóòè âè-
êîðèñòàí³ ó ñåëåêö³éí³é ðîáîò³ äëÿ ñòâîðåííÿ ñîðò³â 
îçèìî¿ ïøåíèö³ ç³ ñò³éê³ñòþ äî ñòåáëîâî¿ ³ðæ³ òà 
âèñîêèìè õë³áîïåêàðñüêèìè âëàñòèâîñòÿìè áîðîøíà.

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ, Puccinia graminis, ðàñà Ug99, 
ñò³éê³ñòü äî ñòåáëîâî¿ ³ðæ³, ãåí Sr33, ìàðêåðíèé äîá³ð, 
ñåëåêö³éí³ ë³í³¿, ì’ÿêà îçèìà ïøåíèöÿ.

Âñòóï. Ñòåáëîâà ³ðæà, çáóäíèêîì ÿêî¿ º äâî-
äîìíèé ãðèá Puccinia graminis Pers. – íåáåçïå÷-
íà õâîðîáà ïøåíèö³, âòðàòè â³ä ÿêî¿ ìîæóòü 
ñòàíîâèòè äî 50 % (McIntosh et al, 1995; Leon-
ard et al, 2005; Loughman et al, 2005). Ãðèáè 
öüîãî âèäó çóñòð³÷àþòüñÿ â óñüîìó ñâ³ò³, à ãåíè 
ñò³éêîñò³ äî íèõ (óìîâíå ïîçíà÷åííÿ – Sr) º 
ïîøèðåíèìè ó ñâ³òîâîìó ãåíîôîíä³ ïøåíèö³ 
(McIntosh et al, 1995; Karelov et al, 2022). Ç îãëÿ-
äó íà îñîáëèâîñò³ ðîçâèòêó çáóäíèêà ñòåáëîâî¿ 
³ðæ³, à òàêîæ éîãî âèñîêó ìóòàá³ëüí³ñòü ïî-
ñò³éíî âèíèêàþòü âèñîêîâ³ðóëåíòí³ ðàñè, ÿê³
ïðèçâîäÿòü äî çíà÷íèõ ëîêàëüíèõ âòðàò óðî-
æàþ ïøåíèö³ (Leonard et al, 2005; Stokstad 
2007; Singh et al, 2011; Olivera et al, 2015, 2019, 
2022a, 2022b; Patpour et al, 2022). Íàïðèêëàä, 
öå âïåðøå çàô³êñîâàíà â Óãàíä³ â 1999 ð. ðàñà 
Ug99 (TTKSK) (Pretorius et al, 2000) òà ïîõ³äí³ 
â³ä íå¿ ðàñè, çîêðåìà, TTKTK, ùî ïîøèðèëèñü 
ñõ³äíèì óçáåðåææÿì Àôðèêè â 2014–2015 ðð. 
(Patpour et al, 2016) ³ áóëà çíàéäåíà âæå â ²ðàêó 
â 2019 ð. (Nazari et al, 2021); ðàñà TTRTF, ùî 
âèíèêëà â Ãðóç³¿ òà ïîøèðèëàñü íà Ñèöèë³þ, 
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Í.Î. Êîçóá, ß.Â.Ï³ðêî, ².Î. Ñîç³íîâ òà ³í.

äå ó 2016 ð. âèêëèêàëà çíà÷í³ âòðàòè óðîæàþ 
(Olivera et al, 2019).

Ãåíè ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ ³íòåíñèâ-
íî âïðîâàäæóâàëèñü ó ñåëåêö³þ ïøåíèö³, àëå 
á³ëüø³ñòü ç íèõ òàê ³ íå çàáåçïå÷èëè ñò³éêîñ-
ò³ íîâèõ ñîðò³â äî ïîøèðåíèõ íà ñüîãîäí³ 
íàéá³ëüø øêîäî÷èííèõ ðàñ ñòåáëîâî¿ ³ðæ³ 
(McIntosh et al, 1995; Karelov et al, 2022). 
Âòðàòó åôåêòèâíîñò³ ðàñîñïåöèô³÷íèõ ãåí³â 
ñò³éêîñò³ ïøåíèö³, çîêðåìà òèõ, ùî ïîõîäÿòü 
³ç ãåíîôîíäó ïøåíèö³ ì’ÿêî¿, ïîâ’ÿçóþòü ñàìå
ç ¿õ ðîçïîâñþäæåí³ñòþ ³ ñòâîðåííÿì äîäàòêî-
âîãî åâîëþö³éíîãî òèñêó íà øêîäî÷èííèêà, 
ùî ïðèçâîäèëî äî âèíèêíåííÿ ðàñ, â³ðóëåíò-
íèõ äî öèõ ãåí³â (McDonald and Linde, 2002, 
Karelov et al, 2022). Íîâ³ ðàñè P. graminis íå 
äîëàþòü àí³ âëàñí³, àí³ ³íòðîãðåñîâàí³ ãåíè 
ïîì³ðíî¿ ðàñîíåñïåöèô³÷íî¿ ñò³éêîñò³, ïðîòå
ö³ ãåíè ñàì³ ïî ñîá³ íå çàáåçïå÷óþòü çàäîâ³ëü-
íèé ð³âåíü â³äïîâ³ä³ íà óðàæåííÿ ñòåáëîâîþ
³ðæåþ (Aktar-Uz-Zaman et al, 2017). ²íòðîãðå-
ñîâàí³ ðàñîñïåöèô³÷í³ ãåíè íàäàþòü äîñòàò-
íüî âèñîêèé ð³âåíü ñò³éêîñò³ äî á³ëüøîñò³ 
ïîøèðåíèõ ó ñâ³ò³ ðàñ ñòåáëîâî¿ ³ðæ³ (McIntosh 
et al, 1995; Karelov et al, 2022), ïðîòå ³íòðîãðå-
ñ³¿, â ñêëàä³ ÿêèõ ïåðåíåñåíî ãåíè ³íòåðåñó, 
÷àñòî º íîñ³ÿìè ³ òèõ ãåí³â, ùî íåãàòèâíî âïëè-
âàþòü íà âðîæàéí³ñòü, ÿê³ñòü áîðîøíà òà ³íø³ 
ñ³ëüñüêîãîñïîäàðñüê³ îçíàêè (The et al, 1988; 
Brown 2002, Zhang et al, 2005; Olson et al, 2010). 

Îäíèì ³ç ãåí³â, ùî çàáåçïå÷óº ñò³éê³ñòü 
äî á³ëüøîñò³ ïîøèðåíèõ ðàñ ñòåáëîâî¿ ³ðæ³, 
âêëþ÷íî ç Ug99, º ãåí Sr33 (McIntosh et al, 
1995; Karelov et al, 2022;). ªäèíèì íà äàíèé 
÷àñ â³äîìèì âèíÿòêîì º ³ñïàíñüêà ðàñà TKHBK 
(Olivera et al, 2022b). Ãåí Sr33 áóëî ïåðåíåñåíî 
íà õðîìîñîìó 1DS ïøåíèö³ ì’ÿêî¿ â³ä äèêîãî 
ðîäè÷à Aegilops tauschii Cross. (ãåíîìíà ôîð-
ìóëà DD) (Kerber, Dyck, 1979; Jones et al, 1990, 
1991). Áóëî âèçíà÷åíî, ùî öåé ãåí çàáåçïå÷óº 
ñóòòºâî âèùèé ð³âåíü ñò³éêîñò³, çíàõîäÿ÷èñü ó 
äèïëî¿äíèõ çëàê³â (Ae. tauschii), òîä³ ÿê ó ïøå-
íèö³ ì’ÿêî¿ ð³âåíü ðàñîñïåöèô³÷íî¿ ñò³éêîñ-
ò³ äîðîñëèõ ðîñëèí âèçíà÷àºòüñÿ ÿê ïîì³ðíà 
ñò³éê³ñòü – ïîì³ðíà ÷óòëèâ³ñòü ó âèïàäêó 
îñîáëèâî øêîäî÷èííèõ ðàñ (Jin et al, 2007). 
Äîñë³äæåííÿ åêñïðåñ³¿ öüîãî ãåíà ïîêàçàëî, 
ùî â³í ä³º çà ïðèíöèïîì ³íøèõ êëàñèô³êîâà-
íèõ R-ãåí³â ðàñîñïåöèô³÷íî¿ ñò³éêîñò³ äî á³î-
òðîôíèõ ô³òîïàòîãåí³â, ïðèçâîäÿ÷è äî ôîðñî-

âàíî¿ êë³òèííî¿ ñìåðò³, ÿêà ïîêëèêàíà ïîïå-
ðåäèòè ðîçïîâñþäæåííÿ õâîðîáè òà ïîçáàâèòè 
ïàðàçèòè÷íèé îðãàí³çì ïîæèâíèõ ðå÷îâèí (Ce-
saris et al, 2016).

Áóëî ïðîâåäåíî êëîíóâàííÿ Sr33 òà ñóïóò-
í³õ ãåí³â (ïîçíà÷åí³ ÿê AetRGA1a-d, AetRGA2a, 
AetRGA3a) (Periyannan et al, 2013). Ãåí Sr33 
ìàº 6 åêçîí³â, à éîãî á³ëêîâèé ïðîäóêò ïåðåä-
áà÷óâàíî ñòàíäàðòíó äëÿ ôàêòîð³â þâåí³ëüíî¿ 
ñò³éêîñò³ ñòðóêòóðó, ÿêà õàðàêòåðèçóºòüñÿ íà-
ÿâí³ñòþ äîìåíà ñàéò³â çâ’ÿçóâàííÿ íóêëåîòèä³â 
(nucleotide-binding sites, NBS), N-òåðì³íàëü-
íîãî íàäñï³ðàë³çîâàíîãî (N-terminal coiled-coil, 
CC) òà C-òåðì³íàëüíîãî áàãàòîãî íà ëåéöèíîâ³ 
ïîâòîðè (C-terminal leucine-rich repeat, LRR) 
äîìåí³â (Casey et al, 2016). Á³ëîê SR33 º 
ãîìîëîã³÷íèì äî ïðîòå¿íó MLA34 ÿ÷ìåíþ, ùî
çàáåçïå÷óº ñò³éê³ñòü äî áîðîøíèñòî¿ ðîñè (Blu-
meria graminis f. sp. hordei), òà TmMLA – MLA-
ïîä³áíîãî ïðîòå¿íó T. monococcum (ð³âåíü ãî-
ìîëîã³¿ â îáîõ âèïàäêàõ – 86 %), â òîé ÷àñ, 
ÿê ïîä³áí³ñòü éîãî äî ðàí³øå âèçíà÷åíèõ á³ë-
ê³â ñò³éêîñò³ ïøåíèö³ LR1, LR10 òà LR21 º äî-
ñòàòíüî íèçüêîþ (Periyannan et al, 2013). Òà-
êîæ áóëî âñòàíîâëåíî, ùî ïðîòå¿í SR33 íà
â³äì³íó â³ä ãîìîëîã³â íå ïîòðåáóº äëÿ ôóíê-
ö³îíóâàííÿ á³ëê³â-øàïåðîí³â (Casey et al, 2016).

Äëÿ ³äåíòèô³êàö³¿ ãåíà Sr33 áóëî çàïðîïî-
íîâàíî âèêîðèñòîâóâàòè ìîëåêóëÿðí³ ìàðêå-
ðè – ÿê ì³êðîñàòåë³òè Xbarc152 òà Xcfd15 (Sam-
basivam et al, 2008), òàê ³ ïðÿì³ ìàðêåðè SR33-
R/F (Periyannan et al, 2013). Çà ïîñë³äîâí³ñòþ 
ãåíà Sr33, ÿêà º äîñòóïíîþ ó â³äêðèòèõ áàçàõ 
äàíèõ íóêëåîòèäíèõ ïîñë³äîâíîñòåé (NCBI), 
áóëî çàïðîïîíîâàíî ìàðêåð Sr33A, ùî ôëàí-
êóºòüñÿ ïðàéìåðàìè Sr33-À1/À2 (Ivashchuk et al, 
2018). Ãåí Sr33 çàëèøàºòüñÿ âàæëèâèì ãåíîì 
äëÿ çàáåçïå÷åííÿ ñò³éêîñò³ ïðîòè ñòåáëîâî¿ ³ð-
æ³ â ð³çíèõ ðåã³îíàõ ñâ³òó, îñîáëèâî ó êîìá³íà-
ö³¿ ç ðàñîíåñïåöèô³÷íèìè ãåíàìè ñò³éêîñò³ 
(Ayliffe et al, 2013, Periyannan et al, 2013, Zhang 
et al, 2019, Wu et al, 2020, 2023). Òîìó ìåòîþ 
äàíî¿ ðîáîòè áóëî ñòâîðåííÿ îçèìèõ ë³í³é 
ïøåíèö³ ç ãåíîì ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ 
Sr33 ç âèêîðèñòàííÿì ìàðêåðíîãî â³äáîðó òà 
âèçíà÷åííÿ ìîæëèâîãî âïëèâó öüîãî ãåíà íà 
îçíàêè ïðîäóêòèâíîñò³ êîëîñà.

Ìàòåð³àëè òà ìåòîäè. Äëÿ ñòâîðåííÿ îçèìèõ 
ë³í³é ïøåíèö³ ì’ÿêî¿ ç ãåíîì Sr33 âèõ³äíîþ 
áàòüê³âñüêîþ ôîðìîþ áóâ îçèìèé ñîðò Ìèð-
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Ñòâîðåííÿ îçèìèõ ë³í³é ïøåíèö³ ì’ÿêî¿ ç ãåíîì ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ Sr33 

õàä, à ÿê äæåðåëî ãåíà ñò³éêîñò³ Sr33 áóëî 
âèêîðèñòàíî êàíàäñüêó ÿðó ë³í³þ ïøåíèö³ 
DH31. Ñõåìó ñòâîðåííÿ îçèìèõ ë³í³é F5 â³ä 
ñõðåùåííÿ DH31 × Ìèðõàä íàâåäåíî íà ðèñ. 
1. Ðîñëèíè âèðîùóâàëè íà äîñë³äí³é ä³ëÿíö³ 
ó ñ. Ãàòíå Êè¿âñüêî¿ îáëàñò³. ßê ïîçèòèâíèé 
êîíòðîëü äëÿ ìîëåêóëÿðíî¿ ³äåíòèô³êàö³¿ ãåíà 
Sr33 âèêîðèñòîâóâàëè ÄÍÊ ç ë³í³¿ DK20.

ÄÍÊ âèä³ëÿëè ç ïðîðîñòê³â ïøåíèö³ çà äî-
ïîìîãîþ ÖÒÀÁ ìåòîäó çã³äíî äî ñòàíäàðòíîãî 
ïðîòîêîëó àáî ³ç çåðíà çà äîïîìîãîþ íàáîðó 
NeoPrep_100 (Íåîãåí™, Óêðà¿íà), ùî áàçóºòü-
ñÿ íà âèêîðèñòàíí³ ñèë³êè. Ç îêðåìèõ êîëîñ³â 
ïîêîë³íü F3–F5 àíàë³çóâàëè ñóì³ø 3-õ çåðåí.

Äëÿ ³äåíòèô³êàö³¿ àëåë³â ãåíà Sr33 âèêîðèñ-
òîâóâàëè ìîëåêóëÿðíèé ìàðêåð Sr33A (Ivashc-
huk et al, 2018). Äëÿ ÏËÐ çàñòîñîâóâàëè ïðàé-
ìåðè ç íàñòóïíèìè ïîñë³äîâíîñòÿìè: Sr33-À1 –
5�-gccagtaattttcctgaaatattgtatttaa-3�, Sr33-À2 – 5�-
tcaaatattacaatggttaggtgcatc-3�. ÏËÐ ïðîâîäèëè çà
òàêèõ óìîâ: ïî÷àòêîâà äåíàòóðàö³ÿ: 95 ºC – 
3 õâ; 32 öèêëè: 95 ºC – 30 ñ, 61 ºC – 30 ñ, 
72 ºC – 60 ñ, ô³íàëüíà åëîíãàö³ÿ: 72 ºC – 
7 õâ. Äîâæèíà î÷³êóâàíîãî ïðîäóêòó ïðè íà-
ÿâíîñò³ àëåëÿ ñò³éêîñò³ Sr33 ñêëàäàëà 254 ï.í.
Ïðîäóêòè ÏËÐ ðîçä³ëÿëè çà äîïîìîãîþ åëåê-
òðîôîðåçó â 2%-íîìó àãàðîçíîìó ãåë³ ç ôàð-
áóâàííÿì áðîìèñòèì åòèä³ºì. ßê ìàðêåð äîâ-
æèíè ôðàãìåíò³â âèêîðèñòîâóâàëè 100 bp DNA 
Ladder («Solis BioDyne», Åñòîí³ÿ). 

Äëÿ õàðàêòåðèñòèêè áàòüê³âñüêèõ ôîðì çà
ëîêóñàìè çàïàñíèõ á³ëê³â ïðîâîäèëè åëåêòðî-
ôîðåç ãë³àäèí³â ó êèñëîìó ñåðåäîâèù³ â ïîë³-
àêðèëàì³äíîìó ãåë³ çà ìåòîäèêîþ Kozub et al 
(2009) òà SDS-åëåêòðîôîðåç çàãàëüíîãî á³ëêó 
çà Laemmli (1970). Äëÿ ³äåíòèô³êàö³¿ àëåë³â 
ãë³àäèíîâèõ ëîêóñ³â âèêîðèñòîâóâàëè êàòàëîã 
Metakovsky et al (2018), âèñîêîìîëåêóëÿðíèõ 
ñóáîäèíèöü ãëþòåí³í³â – Payne and Lawrence 
(1983) ç äîïîâíåííÿìè Wrigley et al, (2009). ßê 
ñîðò-ñòàíäàðò äëÿ ïîð³âíÿííÿ áëîê³â çàïàñíèõ 
á³ëê³â âèêîðèñòîâóâàëè ñîðò ïøåíèö³ Áåçîñòà 
1. Äëÿ óòî÷íåííÿ ïðèñóòíîñò³ àëåëÿ Glu-B1al 
çàñòîñîâóâàëè ìîëåêóëÿðíèé ìàðêåð MAR (Bu-
tow et al, 2004): ïðÿìèé 5�-cctcagcatgcaaacatg-
cagc-3�, çâîðîòí³é 5�-ctgaaacctttggccagtcatgtc-3�, 
óìîâè ÏËÐ: ïî÷àòêîâà äåíàòóðàö³ÿ: 95 ºC – 12 
õâ; 38 öèêë³â: 95 ºC – 30 ñ, 58 ºC – 30 ñ, 72 ºC – 
60 ñ, ô³íàëüíà åëîíãàö³ÿ: 72 ºC – 7 õâ. Äîâæèíà 
î÷³êóâàíîãî ïðîäóêòó ïðè íàÿâíîñò³ àëåëÿ Glu-

B1al ñêëàäàº 563 ï.í., òîä³ ÿê äëÿ àëåë³â Glu-
B1b òà Glu-B1u ìàº àìïë³ô³êóâàòèñü ôðàãìåíò 
çàâäîâæêè 520 ï.í. ßê ñîðòè-ñòàíäàðòè âèêî-
ðèñòîâóâàëè ñîðò Ïàííà ç àëåëåì Glu-B1al, Chi-
nese Spring ç Glu-B1b, Îäåñüêà 267 ç Glu-B1u.

Àíàë³çóâàëè îçíàêè ïðîäóêòèâíîñò³ 213 êî-
ëîñ³â F5 ç ðîäèí, ùî ïîõîäÿòü â³ä îêðåìèõ êî-
ëîñ³â F3 ç íàÿâí³ñòþ ãåíà Sr33 ³ áåç íüîãî: 
ê³ëüê³ñòü êîëîñê³â ç êîëîñà, ê³ëüê³ñòü çåðåí ç
êîëîñà, ìàñà çåðíà ç êîëîñà, ìàñà 1000 çåðåí,
ê³ëüê³ñòü çåðåí ç êîëîñêà, ìàñà çåðíà ç êî-
ëîñêà. Ïîð³âíþâàëè ñåðåäí³ çíà÷åííÿ äëÿ êî-
ëîñ³â ç ðîäèí, ùî íå ðîçùåïëþþòüñÿ â F5 çà 
ïðèñóòí³ñòþ ìàðêåðà (113 êîëîñ³â ç òàêèõ ðî-
äèí ç ãåíîì Sr33) òà áåç íüîãî (45). Äëÿ ïî-
ð³âíÿííÿ ñåðåäí³õ çíà÷åíü âèêîðèñòîâóâàëè 
êðèòåð³é Ñòüþäåíòà.

Ðåçóëüòàòè òà îáãîâîðåííÿ. ²äåíòèô³êàö³þ 
ãåíà Sr33 ³ ìàðêåðíèé äîá³ð îçèìèõ ë³í³é ïøå-

Ðèñ. 1. Ñõåìà ñòâîðåííÿ îçèìèõ ë³í³é ïøåíèö³ ì’ÿêî¿ 
ç ãåíîì Sr33 â³ä ñõðåùóâàííÿ DH31 × Ìèðõàä
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íèö³ çä³éñíþâàëè çà äîïîìîãîþ êîäîì³íàíò-
íîãî ìîëåêóëÿðíîãî ìàðêåðà Sr33A, ÿêèé áóâ
ðîçðîáëåíèé íà îñíîâ³ àíàë³çó áàç äàíèõ ïî-
ñë³äîâíîñòåé NCBI (Ivashchuk et al, 2018). Äëÿ
ñòâîðåííÿ îçèìèõ ë³í³é ïøåíèö³ ì’ÿêî¿ ÿê 
äæåðåëî ãåíà Sr33 âèêîðèñòàíî ÿðó ë³í³þ 
DH31, ÿêó áóëî ñõðåùåíî ç ï³çíüîñòèãëèì 
îçèìèì ñîðòîì Ìèðõàä. Ë³í³ÿ DH31, ÿê ³ ë³í³ÿ 
DK20, äàº àìïë³êîí äîâæèíîþ â 254 ï.í. ç ìàð-
êåðîì Sr33A, òîä³ ÿê ó ñîðòó Ìèðõàä ïðîäóêòè 
àìïë³ô³êàö³¿ â³äñóòí³ (ðèñ. 2).

Çà äîïîìîãîþ åëåêòðîôîðåçó á³ëê³â çåðíà 
îõàðàêòåðèçîâàíî àëåë³ çà ëîêóñàìè Gli-1 òà
Glu-1 ë³í³¿ DH31 (òàáë. 1). Ó ë³í³¿ DH31 ³äåí-
òèô³êîâàíî ðîçïîâñþäæåí³ àëåë³ Gli-A1m, Gli-
B1d, ïðîòå çà ëîêóñîì Gli-D1 öÿ ë³í³ÿ ìàº 
àëåëü, ùî êîäóº áëîê êîìïîíåíò³â, ÿêèé íå 
çóñòð³÷àºòüñÿ ñåðåä ñîðò³â ïøåíèö³ ì’ÿêî¿ (Me-
takovsky et al, 2018) ³, î÷åâèäíî, ïîõîäèòü â³ä 
Ae. tauschii (ðèñ. 3). Ñïåêòð îìåãà-ãë³àäèí³â, 
êîíòðîëüîâàíèõ Gli-D1, ë³í³¿ DH31 º ïîä³áíèì 
äî ñïåêòðó ë³í³¿ DSTt5406(CS1D), íàâåäåíîìó 
â ñòàòòÿõ Jones et al, (1990, 1991).

Ðåçóëüòàòè åëåêòðîôîðåòè÷íîãî àíàë³çó âè-
ñîêîìîëåêóëÿðíèõ ñóáîäèíèöü ãëþòåí³í³â âêà-
çóþòü íà òå, ùî ë³í³ÿ DH31 ìàº àëåëü Glu-B1al, 
ïîâ’ÿçàíèé ç âèñîêîþ ñèëîþ ò³ñòà (ðèñ. 3, á). 
Ïðèñóòí³ñòü öüîãî àëåëÿ ï³äòâåðäæåíî ÏËÐ-
àíàë³çîì ç ìàðêåðîì MAR (Butow et al, 2004). 
DH31 òàêîæ íåñå ³íø³ àëåë³, ùî âèçíà÷àþòü 
âèñîêèé ð³âåíü õë³áîïåêàðíî¿ ÿêîñò³ – Glu-D1d 
òà Glu-A1b (òàáë. 1). Ë³í³ÿ DH31 â³äð³çíÿºòüñÿ 
â³ä ñîðòó Ìèðõàä çà ìàæîðíèìè ãë³àäèíîâè-
ìè ëîêóñàìè õðîìîñîì 1 ãîìåîëîã³÷íî¿ ãðóïè 
òà ëîêóñàìè âèñîêîìîëåêóëÿðíèõ ñóáîäèíèöü 
ãëþòåí³í³â, òîìó äîñë³äæóâàíèé ã³áðèäíèé ìà-
òåð³àë â³ä ñõðåùåííÿ DH31 × Ìèðõàä ðîçùå-
ïëþºòüñÿ çà öèìè ëîêóñàìè (ðèñ. 4). Êð³ì öüî-
ãî, êîëîñêîâ³ ëóñêè ó ë³í³¿ DH31 ìàþòü òåì-
íèé (òåìíî-êîðè÷íåâèé) êîë³ð, ùî, éìîâ³ðíî, 
êîíòðîëþºòüñÿ àëåëåì Rg-D1b.

Çà äîïîìîãîþ ìàðêåðà Sr33A áóëî ³äåíòè-
ô³êîâàíî íîñ³¿â ãåíà Sr33 ïðè àíàë³ç³ ÄÍÊ ñó-
ì³ø³ çåðåí ç êîëîñ³â F3 DH31 × Ìèðõàä. 
Çãîäîì àíàëîã³÷íå òåñòóâàííÿ íàñ³ííÿ áóëî 
ïðîâåäåíî ó ïîêîë³íí³ F5 (ðèñ. 5). Òàêèì ÷è-
íîì, áóëî âàë³äîâàíî ìàðêåð Sr33A ÿê äî-
ñòàòíüî çðó÷íèé äëÿ âèÿâëåííÿ ïðèñóòíîñò³ 
ïîñë³äîâíîñò³, àñîö³éîâàíî¿ ç ãåíîì Sr33 ³, ÿê 
íàñë³äîê, â³ä³áðàíî ë³í³¿ F5 ç ãåíîì Sr33.  

Ðèñ. 2. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü 
ìàðêåð Sr33A, òà ÄÍÊ ë³í³é DK20 (1) ³ DH31 (2) 
³ ñîðòó Ìèðõàä (3, 4), M – ìàðêåð (100 bp DNA 
Ladder) 

Ðèñ. 3. Çàïàñí³ á³ëêè ë³-
í³¿ DH31 (2) òà ñîðòó-
ñòàíäàðòó Áåçîñòà 1 (1). à –
åëåêòðîôîðåç ãë³àäèí³â ó

êèñëîìó ñåðåäîâèù³, ñòð³ëêàìè ïîêàçàíî ãë³àäèíè
DH31, êîäîâàí³ Gli-D1, á – SDS-åëåêòðîôîðåç çà-
ãàëüíîãî á³ëêà, äóæêîþ ïîçíà÷åíî çîíó âèñîêîìî-
ëåêóëÿðíèõ ñóáîäèíèöü ãëþòåí³í³â

Òàáëèöÿ 1. Õàðàêòåðèñòèêà áàòüê³âñüêèõ ãåíîòèï³â 
çà ãåíîì Sr33, ëîêóñàìè çàïàñíèõ á³ëê³â òà êîëüîðîì 
êîëîñêîâèõ ëóñîê

Ëîêóñ, îçíàêà DH31 Ìèðõàä

Sr33
Gli-A1
Gli-B1
Gli-D1
Glu-A1
Glu-B1
Glu-D1

Êîë³ð êîëîñêîâèõ ëóñîê

R
m
d

tauschii 
b
al
d

òåìíèé

S
o
f
g
c
c
a

ñâ³òëèé
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Ñòâîðåííÿ îçèìèõ ë³í³é ïøåíèö³ ì’ÿêî¿ ç ãåíîì ñò³éêîñò³ äî ñòåáëîâî¿ ³ðæ³ Sr33 

Ðèñ. 4. Ãë³àäèíè (åëåêòðîôîðåç â êèñëîìó 
ñåðåäîâèù³) (à) òà SDS-åëåêòðîôîðåç çà-
ãàëüíîãî á³ëêà (á) ó ïîêîë³íí³ F4 DH31 × 
× Ìèðõàä (ï³ñëÿ â³äáîðó ìàòåð³àëó ç ãåíîì 
Sr33)

Ðèñ. 5. Ïðîäóêòè ÏËÐ ç ïðàéìåðàìè, ùî ôëàíêóþòü ìàðêåð Sr33A, òà ÄÍÊ ñóì³ø³ 3 çåðåí ç êîëîñ³â F5 â³ä 
ñõðåùóâàííÿ DH31 × Ìèðõàä. 1, 4, 6, 7, 8, 9 – ë³í³¿ ³ç ãåíîì Sr33; 10 – ë³í³ÿ DH31, ùî ì³ñòèòü ãåí Sr33; 
M – ìîëåêóëÿðíèé ìàðêåð (100 bp DNA Ladder); 2, 3, 5, 11, 12 – ë³í³¿ áåç ãåíà Sr33

Òàáëèöÿ 2. Îçíàêè ïðîäóêòèâíîñò³ êîëîñ³â F5 ïøåíèö³ ì’ÿêî¿ îçèìî¿ â³ä ñõðåùóâàííÿ DH31 × Ìèðõàä ç ãåíîì 
Sr33 (R) ³ áåç íüîãî (S)

Îçíàêà R S t

Ê³ëüê³ñòü êîëîñê³â ç êîëîñà

Ê³ëüê³ñòü çåðåí ç êîëîñà

Ìàñà çåðíà ç êîëîñà, ã

Ì1000 çåðåí, ã

Ê³ëüê³ñòü çåðåí ç êîëîñêà

Ìàñà çåðíà ç êîëîñêà, ã

17,70 ± 0,22

37,17 ± 0,99

1,54 ± 0,05

40,94 ± 0,52

2,09 ± 0,05

0,086 ± 0,002

17,31 ± 0,57

37,11 ± 1,65

1,59 ± 0,09

41,42 ± 0,97

2,11 ± 0,06

0,088 ± 0,003

0,64

0,03

–0,42

–0,44

–0,22

–0,39
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Ïîð³âíÿííÿ ñåðåäí³õ çíà÷åíü îçíàê ïðî-
äóêòèâíîñò³ äëÿ êîëîñ³â ç ðîäèí, ùî íå ðîç-
ùåïëþþòüñÿ â F5 çà ïðèñóòí³ñòþ ìàðêåðà (113 
êîëîñ³â ç òàêèõ ðîäèí ç Sr33) òà áåç íüîãî (45 
êîëîñ³â), íå ïîêàçàëî ³ñòîòíèõ â³äì³ííîñòåé 
ì³æ äâîìà ãðóïàìè ãåíîòèï³â (òàáë. 2). Öå 
âêàçóº íà òå, ùî ïðèñóòí³ñòü ³íòðîãðåñîâàíîãî 
ãåíà Sr33 íå çíèæóº îçíàêè ïðîäóêòèâíîñò³ 
êîëîñà. Òàêèì ÷èíîì, îçèì³ ë³í³¿ F5 ç ãåíîì 
Sr33 â³ä ñõðåùóâàííÿ DH31 × Ìèðõàä ìîæóòü 
áóòè âèêîðèñòàí³ ó ïîäàëüø³é ñåëåêö³éí³é ðî-
áîò³ äëÿ ñòâîðåííÿ ñîðò³â ³ç êîíêóðåíòíîþ 
ïðîäóêòèâí³ñòþ, âèñîêèìè õë³áîïåêàðñüêèìè 
âëàñòèâîñòÿìè áîðîøíà òà ñò³éê³ñòþ äî ñòåá-
ëîâî¿ ³ðæ³. Çà óìîâ ïîì³ðíîãî êë³ìàòó îçèìà 
ì’ÿêà ïøåíèöÿ çàéìàº îñíîâí³ ïëîù³. Çî-
êðåìà â Óêðà¿í³ 97,5 % â³ä ïëîù ï³ä ïøåíèöåþ 
çàéíÿò³ ñàìå îçèìîþ ïøåíèöåþ, ¿¿ ÷àñòêà ó 
âèðîáíèöòâ³ çåðíà ïøåíèö³ òàêîæ ñòàíîâèòü 
97,5 % (https://ukrstat.gov.ua/druk/publicat/kat_
u/2021/zb/05/zb_rosl_2020.pdf). Òîìó ñòâîðåííÿ
ñàìå ìàòåð³àëó îçèìî¿ ïøåíèö³ äëÿ åôåêòèâ-
íîãî âïðîâàäæåííÿ ãåíà Sr33 â ñåëåêö³éíèé 
ïðîöåñ º âêðàé âàæëèâèì äëÿ çìåíøåííÿ çà-
ãðîçè âèíèêíåííÿ åï³ô³òîò³¿ ñòåáëîâî¿ ³ðæ³, íå-
áåçïåêà ÿêî¿ çðîñòàº â ªâðîï³ â îñòàííº 
äåñÿòèð³÷÷ÿ (Olivera et al, 2017, 2019, Patpour 
et al, 2022).

Òàêèì ÷èíîì, ðåçóëüòàòîì ïðîâåäåíîãî äî-
ñë³äæåííÿ ñòàëî îòðèìàííÿ îçèìèõ ë³í³é ïøå-
íèö³ ïîêîë³ííÿ F5, â³ä³áðàíèõ çà äîïîìîãîþ 
ìîëåêóëÿðíîãî ìàðêåðà Sr33A. Kerber and Dyck 
(1979), ÿê³ ïåðåíåñëè ãåí Sr33 â³ä Ae. tauschii
â ãåêñàïëî¿äíó ïøåíèöþ, ïî÷àòêîâî âèêîðèñ-
òàëè ìîðôîëîã³÷íèé ìàðêåð – òåìíèé êîë³ð 
êîëîñêîâî¿ ëóñêè, ïðîòå ïðîÿâ öüîãî ìàðêåðà 
ìîæå áóòè ïðèõîâàíèì (ñëàáî âèðàæåíèì) çà 
ïåâíèõ óìîâ äîâê³ëëÿ; êð³ì öüîãî äîñë³äíèêè 
îáìåæåí³ âèáîðîì áàòüê³âñüêèõ ôîðì, ó ÿêèõ 
ïîä³áíà îçíàêà ïîâèííà áóòè â³äñóòíüîþ. Ï³ç-
í³øå áóëî ïîêàçàíî, ùî ãë³àäèíîâèé ëîêóñ Gli-
D1 ç÷åïëåíèé ³ç ãåíîì Sr33 (5,6–7,6 % ðå-
êîìá³íàö³¿), à ãåí Sr33 ïðîêàðòîâàíî ïðîê-
ñèìàëüíî â³ä íüîãî (Jones et al, 1991).

Ë³í³ÿ DH31, âèêîðèñòàíà íàìè ÿê äæåðåëî 
ãåíà Sr33, òàêîæ ìàº òåìíèé êîë³ð êîëîñêîâèõ 
ëóñîê (êîíòðîëþºòüñÿ ëîêóñîì Rg-D1 (Rg-2)) 
òà ç÷åïëåíèé ç íèì ñïåöèô³÷íèé àëåëü ëîêóñó 
Gli-D1 â³ä Ae. tauschii, ÷àñòîòà ðåêîìá³íàö³¿ ì³æ 

ÿêèìè ñêëàäàº 1,4 % (Jones et al, 1990). Îäíàê, 
ñàìå ãåí-ñïåöèô³÷íèé äîì³íàíòíèé ÄÍÊ ìàð-
êåð Sr33A, âèêîðèñòàíèé ó öüîìó äîñë³äæåíí³, 
º ìàêñèìàëüíî çðó÷íèì ³ òî÷íèì. Ïîºäíàííÿ 
äîáîðó çà öèì ìàðêåðîì ç äîáîðîì çà ìàðêå-
ðàìè âèñîêî¿ õë³áîïåêàðíî¿ ÿêîñò³ – Glu-B1al 
òà Glu-D1d, íîñ³ºì ÿêèõ º ë³í³ÿ DH31, äîçâî-
ëèòü âèä³ëèòè ïåðñïåêòèâí³ ë³í³¿ ç³ ñò³éê³ñòþ 
äî ñòåáëîâî¿ ³ðæ³ òà âèñîêîþ õë³áîïåêàðñüêîþ 
ÿê³ñòþ. Â³äîìî, ùî ïðèñóòí³ñòü ïåâíèõ ãåí³â 
ñò³éêîñò³ ìîæå áóòè ïîâ’ÿçàíà ç³ çíèæåííÿì 
óðîæàéíîñò³ (Brown, 2002). Ðåçóëüòàòè íàøèõ 
äîñë³äæåíü îçíàê ïðîäóêòèâíîñò³ êîëîñà äîçâî-
ëÿþòü ïðèïóñòèòè, ùî ïðèñóòí³ñòü ãåíà Sr33, 
íå ñïðàâëÿº íåãàòèâíèé âïëèâ íà óðîæàéí³ñòü 
îòðèìàíèõ ñåëåêö³éíèõ ë³í³é îçèìî¿ ïøåíèö³.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü çà ó÷àñòþ ëþäåé 
àáî òâàðèí â ÿêîñò³ îá’ºêò³â äîñë³äæåííÿ. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â. 
Ô³íàíñóâàííÿ. Ðîáîòà áóëà âèêîíàíà çà ô³íàí-
ñîâî¿ ï³äòðèìêè Êîçóá Í.Î., Ï³ðêî ß.Â., Ñîç³-
íîâ ².Î., Êàðåëîâ À.Â., Ñîç³íîâà Î.²., ªìåöü À.². 
â ðàìêàõ ïðîºêòó ÍÔÄÓ 2021.01/0313 «Ñòâî-
ðåííÿ ãåíîòèï³â ïøåíèö³ ì’ÿêî¿ ç ãåíàìè ñò³é-
êîñò³ ïðîòè âèñîêîïàòîãåííèõ ðàñ ñòåáëîâî¿ 
³ðæ³ ç âèêîðèñòàííÿì ìîëåêóëÿðíèõ ìàðêåð³â 
ÿê çàïîðóêà õàð÷îâî¿ áåçïåêè Óêðà¿íè». 
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Stem rust caused by the fungus Puccinia graminis Pers. is 
a dangerous disease of wheat which occurs in all regions 
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of its cultivation. New highly virulent races causing 
severe yield losses have appeared in recent decades. 
Sr33 introgressed from Aegilops tauschii is one of the 
genes conferring resistance against most races of stem 
rust including Ug99. To develop winter common wheat 
lines with the gene Sr33 and evaluate a possible effect 
of the gene on yield traits, we made a cross between 
the spring line DH31 carrying the Sr33 gene and the 
winter cultivar Myrkhad followed by marker-assisted 
selection of winter genotypes with Sr33 beginning 
from F3. To identify the Sr33 gene, we used PCR with 
the gene-specific marker Sr33A. Alleles at the storage 
protein loci of the parental forms were identified using 
acid polyacrylamide gel electrophoresis and SDS-
electrophoresis, as well as the molecular marker MAR 
for Glu-B1al. As a result of marker-assisted selection, 
winter F5 lines with the Sr33 gene were developed 
from the cross DH31 × Myrkhad. The yield traits of 
F5 spikes of families derived from single F3 spikes with 
and without Sr33 were analyzed considering that the line 
DH31 has a specific allele at Gli-D1 from Ae. tauschii, 
dark glimes, and high molecular weight glutenin subunit 
alleles associated with high dough strength, in particular 
Glu-B1al. Comparison of means of yield traits of spikes 
from families with Sr33 and without it did not reveal 
significant differences between these two groups. Thus, 
winter F5 lines with the Sr33 gene from the cross DH31 ×
× Myrkhad may be used in the breeding practice to 
develop cultivars with high bread-making qualities of 
flour and stem rust resistance. 
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