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Æîâòà (ñìóãàñòà) ³ðæà, çáóäíèêîì ÿêî¿ º á³îòðîô-
íèé ãðèá Puccinia striiformis West. f. sp. tritici (Pst), – 
îäíà ³ç íàéá³ëüø øê³äëèâèõ õâîðîá ïøåíèö³. Ñòâîðåííÿ 
ñò³éêèõ ãåíîòèï³â ââàæàºòüñÿ åêîëîã³÷íî áåçïå÷íèì 
òà åêîíîì³÷íî âèã³äíèì çàñîáîì çàõèñòó ðîñëèí. Íà 
òåïåð³øí³é ÷àñ â³äîìî á³ëüøå 80 ³äåíòèô³êîâàíèõ îô³-
ö³éíî âèçíà÷åíèõ ãåí³â ñò³éêîñò³ äî ñìóãàñòî¿ ³ðæ³ 
(Yr), äåñÿòêè ãåí³â ç òèì÷àñîâèì ïîçíà÷åííÿì. Îêðåì³ 
ãåíè Yr îõàðàêòåðèçîâàí³, äî íèõ ï³ä³áðàí³ â³äïîâ³äí³ 
ìîëåêóëÿðí³ ìàðêåðè. Àêòóàëüíèì íàïðÿìêîì äîñë³-
äæåíü çàëèøàºòüñÿ ïîøóê åôåêòèâíèõ ëîêóñ³â ê³ëü-
ê³ñíèõ îçíàê (QTL) äëÿ âèêîðèñòàííÿ ó ïðîãðàìàõ ñå-
ëåêö³¿ íà ñò³éê³ñòü äî ³ðæ³. Çà ñó÷àñíèìè óÿâëåííÿìè 
ãåíåòè÷íà ñò³éê³ñòü ïøåíèö³ äî æîâòî¿ ³ðæ³ ïîä³ëÿ-
ºòüñÿ íà ñò³éê³ñòü ïðîðîñòê³â ASR òà ñò³éê³ñòü äî-
ðîñëèõ ðîñëèí APR. Á³ëüø³ñòü ³äåíòèô³êîâàíèõ ãåí³â 
ñò³éêîñò³ äî æîâòî¿ ³ðæ³ ââàæàþòüñÿ ðàñîñïåöèô³÷-
íèìè ASR-ãåíàìè. Íà òåïåð³øí³é ÷àñ ïðîâåäåíî óí³-
ô³êàö³þ òà ñèñòåìàòèçàö³þ óñ³õ ðàñ ³ç ñâ³òîâèõ êî-
ëåêö³é ïàòîãåíó, ùî äîçâîëèëî ïðèéíÿòè äî ïðàêòè÷-
íîãî âèêîðèñòàííÿ á³ëÿ 20 ³äåíòèô³êîâàíèõ ãåíåòè÷-
íèõ ãðóï Pst. Äæåðåëîì á³ëüøîñò³ ãåí³â ñò³éêîñò³ äî 
æîâòî¿ ³ðæ³ ââàæàºòüñÿ Triticum aestivum L.: á³ëüøå 
50 ãåí³â Yr ïîõîäÿòü â³ä õë³áíî¿ ïøåíèö³. Âàæëèâè-
ìè äæåðåëàìè ãåí³â ñò³éêîñò³ º òàêîæ äèêîðîñë³ ³ 
êóëüòèâîâàí³ âèäè Triticum òà ãåíåòè÷íî ñïîð³äíåí³ 
ðîñëèíè, çîêðåìà ð³çí³ âèäè åã³ëîïñ³â. Ëîêàë³çàö³ÿ ãåí³â 
Yr íà õðîìîñîìàõ ãåíîì³â À, B ³ D T. aestivum L. çà-
ñâ³ä÷èëà ¿õ íàéá³ëüøó ê³ëüê³ñòü ó ãåíîì³ Â. Ãåíîòèïè
ç êîìïëåêñàìè ãåí³â, ÿê³ êîíòðîëþþòü ðåçèñòåíò-
í³ñòü äî äåê³ëüêîõ õâîðîá, ââàæàþòüñÿ îñîáëèâî ö³í-
íèìè ³ øèðîêî âèêîðèñòîâóþòüñÿ â ñåëåêö³éíèõ ïðî-
ãðàìàõ óñüîãî ñâ³òó. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ, æîâòà ³ðæà, ñò³éê³ñòü, õðî-
ìîñîìè, ìîëåêóëÿðí³ ìàðêåðè, ãåíè ñò³éêîñò³, äæåðåëà 
ñò³éêîñò³, äîíîðè ñò³éêîñò³. 

Âñòóï

Æîâòà àáî ñìóãàñòà ³ðæà ïøåíèö³, çáóäíèêîì 
ÿêî¿ º á³îòðîôíèé ãðèá Puccinia striiformis West. 
f. sp. tritici (Pst), ðîçïîâñþäæåíà ó âñüîìó ñâ³-
ò³, ñïðè÷èíÿº ïîã³ðøåííÿ ÿêîñò³ çåðíà ³ çíà-
÷í³ âòðàòè âðîæàþ (Wellings, 2011; Khanfri et 
al, 2018; Abebe, 2020; Bicas et al, 2022; Zhou et 
al, 2022; Chugunkova et al, 2023). Íåçâàæàþ÷è 
íà çíà÷í³ óñï³õè ó ðîçóì³íí³ ìåõàí³çì³â ïîøè-
ðåííÿ õâîðîáè, ìîëåêóëÿðíèõ îñíîâ ïàòîãå-
íåçó òà â³äêðèòòÿ íîâèõ ãåí³â ñò³éêîñò³, ³ðæà 
ïøåíèö³ ñòàíîâèòü ñóòòºâó çàãðîçó ïðîäîâîëü-
÷³é áåçïåö³ (Chugunkova et al, 2023; Rehman 
et al, 2024). Ñåðåä ð³çíîìàí³òíèõ ìåòîä³â áî-
ðîòüáè ç ö³ºþ òà ³íøèìè õâîðîáàìè çëàêîâèõ 
êóëüòóð, áåçñóìí³âíî, íàéá³ëüø åêîíîì³÷íî âè-
ã³äíèì òà òàêèì, ùî ìîæå áóòè çàïîðóêîþ âè-
êîíàííÿ åêîëîã³÷íèõ âèìîã, º ñåëåêö³ÿ òà âïðî-
âàäæåííÿ ñò³éêèõ ñîðò³â (Bouvet et al, 2022a). 

Ñë³ä çàçíà÷èòè, ùî ñó÷àñí³ ãåíåòè÷í³ äî-
ñë³äæåííÿ â ãàëóç³ çàõèñòó ðîñëèí, ÿê ïðàâèëî, 
ñïèðàþòüñÿ íà ãåíîìí³ òåõíîëîã³¿ (Hussain et al, 
2017; Abou-Zeid and Mourad, 2021; Athiyannan 
et al, 2022), à ïîâ’ÿçàíà ç íèìè ñèñòåìà ³äåí-
òèô³êàö³¿ òà ãðóïóâàííÿ (ï³ðàì³äóâàííÿ) ãåí³â 
ñïðÿìîâàíà íà çàáåçïå÷åííÿ ¿õ êîìá³íîâàíî-
ãî åôåêòó äëÿ ï³äâèùåííÿ ñò³éêîñò³ çëàêîâèõ 
êóëüòóð (Feng et al, 2015; Gessese et al, 2021; 
Bariana et al, 2022; Pirko et al, 2021). Ó âèïàäêó 
õë³áíî¿ ïøåíèö³ (Triticum aestivum L.), ÿêà ìàº 
àëîïîë³ïëî¿äíèé ãåíîì (2n = 42, AAÂÂDD), 
ñôîðìîâàíèé çà ó÷àñò³ âèä³â T. urartu Thum. 
(AA), Aegilops speltoides Tausch. (ÂÂ) òà Ae. taus-
chii Coss. (DD) ÿê ðåçóëüòàò ãåíåòè÷íèõ ïå-
ðåòâîðåíü â ïðîöåñ³ åâîëþö³¿ ãðóïè ïøåíèöü 
(Feldman and Levy, 2005), ñêëàäíà îðãàí³çàö³ÿ 
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Ãåíåòè÷í³ îñíîâè ñò³éêîñò³ äî æîâòî¿ ³ðæ³ ïøåíèö³ 

ãåíîìó óòðóäíþº ôóíêö³îíàëüíó ³äåíòèô³êà-
ö³þ ãåí³â íàâ³òü çà óìîâ ïîâíîãåíîìíîãî ñåê-
âåíóâàííÿ. Äëÿ òàêîãî àíàë³çó ãåí³â ïøåíèö³ 
ñåðåä ³íøèõ âèêîðèñòîâóþòü ìåòîäè ïîð³â-
íÿëüíî¿ ãåíîì³êè, ñïèðàþ÷èñü íà äàí³ ïðî 
ëîêàë³çàö³þ òà ñòðóêòóðíî-ôóíêö³îíàëüíó îð-
ãàí³çàö³þ ãåíîìó Ò. aestivum, ðîçì³ùåíèõ ó òà-
êèõ á³î³íôîðìàö³éíèõ áàçàõ äàíèõ, ÿê Phytozo-
me (https://phytozome-next.jgi.doe.gov/), UniProt
(https://www.uniprot.org/), NCBI (https://www.
ncbi.nlm.nih.gov), Ensemblplants (https://plants.
ensembl.org/), URGI BLAST (https://urgi.versail
les.inra.fr/blast/). 

Â³äîìî, ùî êëàñè÷íèé ôåíîòèï³÷íèé â³äá³ð 
íà ñò³éê³ñòü äî æîâòî¿ ³ðæ³ ïøåíèö³ ïîòðåáóº 
çíà÷íèõ ðåñóðñ³â, ³ éîãî óñï³õ ó âåëèê³é ì³ð³ 
çàëåæèòü â³ä ôàêòîð³â íàâêîëèøíüîãî ñåðåäî-
âèùà. Ðåçóëüòàòè ðîá³ò îñòàíí³õ ðîê³â çàñâ³ä-
÷óþòü, ùî ïðîãíîçóâàííÿ ö³ííîñò³ ðîñëèííîãî 
ìàòåð³àëó ìîæíà ïðîâîäèòè íà îñíîâ³ êàðòó-
âàííÿ ãåíîì³â. Äëÿ öüîãî âèêîðèñòîâóþòü ìàð-
êåð-àñîö³éîâàíó ñåëåêö³þ (MAÑ), ÿêà ñïèðà-
ºòüñÿ íà ïîïåðåäíüî â³ä³áðàíèé íàá³ð ìàðêåð³â, 
ïîâ’ÿçàíèõ ³ç âàæëèâèìè ãåíàìè ðåçèñòåíò-
íîñò³, ³ ãåíîìíó ñåëåêö³þ, ÿêà áàçóºòüñÿ íà 
çàãàëüíîãåíîìí³é ³íôîðìàö³¿ ïðî ìàðêåðè. Ïî-
êàçàíî äîñòàòíüî âèñîêèé ïîòåíö³àë ÿê MAÑ, 
òàê ³ ãåíîìíî¿ ñåëåêö³¿ äëÿ ïðîãíîçóâàííÿ ðå-
çèñòåíòíîñò³ äî Pst. Îäíàê, ïîð³âíÿííÿ ïðî-
ãíîñòè÷íèõ ìîæëèâîñòåé îáîõ ï³äõîä³â ïîêè 
ùî íå äîçâîëÿº çðîáèòè îäíîçíà÷íèé âèñíî-
âîê ùîäî îïòèìàëüíîãî ìåòîäó ïðîãíîçóâàííÿ 
ñò³éêîñò³ ðîñëèí (Juliana et al, 2017; Muleta et 
al, 2017; Beukert et al, 2020). Òîìó ìåòîþ ö³º¿ 
ðîáîòè º îãëÿä òà àíàë³ç íàêîïè÷åíèõ íà ñüî-
ãîäí³øí³é äåíü äàíèõ ñòîñîâíî ìîëåêóëÿðíî-
ãåíåòè÷íèõ îñíîâ ñò³éêîñò³ ïøåíèö³ äî æîâ-
òî¿ ³ðæ³.

Ãåíè òà ëîêóñè ê³ëüê³ñíèõ îçíàê ñò³éêîñò³ 
äî æîâòî¿ ³ðæ³ ïøåíèö³

²íòåãðîâàíà áàçà äàíèõ ãåíåòè÷íèõ ðåñóðñ³â 
ïøåíèö³ KOMUGI ó ãåííîìó êàòàëîç³ ì³ñòèòü 
ïîíàä 80 ³äåíòèô³êîâàíèõ ãåí³â ñò³éêîñò³ äî 
æîâòî¿ ³ðæ³ òà á³ëüøå ñîðîêà ãåí³â-êàíäèäàò³â 
(https://shigen.nig.ac.jp/wheat/komugi/). Äîòåïåð
ïðîäîâæóºòüñÿ ³äåíòèô³êàö³ÿ ëîêóñ³â ê³ëüê³ñ-
íèõ îçíàê ñò³éêîñò³ QTL òà â³äïîâ³äíèõ õðîìî-
ñîìíèõ ðåã³îí³â (Rosewarne et al, 2013; Cheng 

et al, 2019; Li et al, 2020; Li et al, 2022; Shahin-
nia et al, 2022; Feng et al, 2023; Zhu et al, 2023; 
Cao et al, 2024). Çã³äíî Êàòàëîãó ãåí³â ïøåíèö³ 
(Wheat Gene Catalogue) áàçè äàíèõ GrainGenes 
íà ñüîãîäí³ â³äîìî 87 ãåí³â ñò³éêîñò³ äî æîâ-
òî¿ ³ðæ³ (Yr1–Yr87) (https://wheat.pw.usda.gov/
GG3/WGC), ç ÿêèõ êëîíîâàíî òà îõàðàêòå-
ðèçîâàíî íåâåëèêó ê³ëüê³ñòü ÿê îô³ö³éíèõ, òàê 
³ ãåí³â-êàíäèäàò³â (òàáë. 1).

Íàðàç³ ïîøóêè íîâèõ åôåêòèâíèõ QTL, ïî-
â’ÿçàíèõ ç³ ñò³éê³ñòþ äî ³ðæ³, ¿õ ³äåíòèô³êàö³ÿ 
òà âàë³äàö³ÿ, çàëèøàþòüñÿ âàæëèâèì çàâäàí-
íÿì ó ïðîãðàìàõ ñåëåêö³¿ (Ma et al, 2019; Qure-
shi et al, 2023). Ñåðåä äâîõ äåñÿòê³â QTL, äî-
ñë³äæåíèõ ó áàâàðñüêî¿ MAGIC ïîïóëÿö³¿ ïøå-
íèö³, áóëî âèÿâëåíî íîâ³ ëîêóñè ãåí³â ñò³éêîñ-
ò³ íà õðîìîñîìàõ 3D òà 7D (Rollar et al, 2021). 
Âèêîðèñòàííÿ ñèíòåòè÷íî¿ ïîïóëÿö³¿ ïøåíèö³ 
äëÿ àíàë³çó ñò³éêîñò³ äî íîâèõ ðàñ Pst, äîçâî-
ëèëî ñåðåä 14 âèçíà÷åíèõ QTL ³äåíòèô³êóâà-
òè ÷îòèðè çíà÷óùèõ ëîêóñè, ðîçòàøîâàíèõ íà 
õðîìîñîìàõ 1À (QYr.niab-1A.1), 2À (QYr.niab-
2A.1), 2Â (QYr.niab-2B.1) ³ 2 D (QYr.niab-2D.1). 
Òðè ³ç íèõ áóëè ð³äê³ñíèìè  äëÿ ºâðîïåéñüêî¿ 
ïøåíèö³. Âèÿâëåíî, ùî ô³çè÷íèé ³íòåðâàë ëî-
êóñó QYr.niab-2B.1 ì³ñòèòü ï’ÿòü ãåí³â-êàíäè-
äàò³â, äâà ³ç ÿêèõ â³äïîâ³äàþòü êëîíîâàíèì ãå-
íàì ñò³éêîñò³ Yr7 òà Yr5/YrSP (Bouvet et al, 
2022b). Ìàðêåðí³ ëîêóñè íà õðîìîñîìàõ 2BS 
(RAC875-ñ1226-652) ³ 6AL (Tdurum_contig29607-
413), ÿê³ çíà÷íîþ ì³ðîþ ïîâ’ÿçóþòü ç³ ñò³éê³ñ-
òþ äî ñìóãàñòî¿ ³ðæ³, âèÿâëåíî â ñó÷àñí³é çà-
ðîäêîâ³é ïëàçì³ òà ïåðåâ³ðåíî ¿õ íàÿâí³ñòü ó 
äåê³ëüêîõ íåçàëåæíèõ ïîïóëÿö³ÿõ ºâðîïåéñü-
êî¿ îçèìî¿ ïøåíèö³ (Shahinnia et al, 2022). 

Øëÿõîì ïîâíîãåíîìíîãî äîñë³äæåííÿ àñî-
ö³àö³é (GWAS) ïðîàíàë³çîâàíî êèòàéñüê³ ì³ñ-
öåâ³ ñîðòè íà íàÿâí³ñòü íîâèõ ñòàá³ëüíèõ QTL, 
àñîö³éîâàíèõ ç³ ñò³éê³ñòþ äî æîâòî¿ ³ðæ³ (Yao 
et al, 2021). Áóëî ³äåíòèô³êîâàíî 17 QTL íà 
õðîìîñîìàõ 1A,1B, 2A, 2D, 3A, 3B, 5A, 5B, 6D, 
7A. Ç íèõ 8 áóëè ïîâ’ÿçàí³ ç³ ñò³éê³ñòþ ïðî-
ðîñòê³â, 9 – ç³ ñò³éê³ñòþ äîðîñëèõ ðîñëèí, à 
ï’ÿòü ç íèõ áóëè, éìîâ³ðíî, íîâèìè.

Ðàñîñïåöèô³÷íà ASR 
òà ïîë³ãåííà APR ñò³éê³ñòü ïøåíèö³

²ðæà ó ïøåíèö³ ôåíîòèï³÷íî ïî÷èíàº ïðî-
ÿâëÿòèñÿ ç³ ñòàä³¿ ïðîðîñòê³â, íàéá³ëüøå – ó 
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ðîñëèí â ïåð³îä àêòèâíî¿ âåãåòàö³¿. Â öüîìó 
çâ’ÿçêó ãåíåòè÷íà ñò³éê³ñòü ïøåíèö³ äî æîâòî¿ 
³ðæ³ çà ñó÷àñíèìè óÿâëåííÿìè ïîä³ëÿºòüñÿ íà 
äâà îñíîâíèõ òèïè: ñò³éê³ñòü ïðîðîñòê³â ASR 
(adult seedling resistance) òà ñò³éê³ñòü äîðîñëèõ 
ðîñëèí APR (adult plant resistance). Ñò³éê³ñòü 
ASR ïðîÿâëÿºòüñÿ íà âñ³õ ñòàä³ÿõ ðîçâèòêó 
ðîñëèí, ïî÷èíàþ÷è ç ïðîðîñòê³â, º ðàñîñïå-
öèô³÷íîþ ³ çàëåæèòü â³ä åêñïðåñ³¿ îêðåìèõ ãå-
í³â (îë³ãîãåí³â). Á³ëüø³ñòü êàòàëîã³çîâàíèõ ãå-
í³â ñò³éêîñò³ äî æîâòî¿ ³ðæ³ Yr ââàæàþòüñÿ 
ðàñîñïåöèô³÷íèìè ASR-ãåíàìè, åôåêòèâí³ñòü
ÿêèõ çàëåæèòü â³ä ïîÿâè íîâèõ ðàñ ïàòîãåíà 
(Wang et al, 2020). Ñåðåä êëîíîâàíèõ ãåí³â 
Yr5, Yr7, YrSP, Yr10, Yr15, Yr27, YrAS2388, YrU1, 
YrNAM – öå ASR-ãåíè, à Yr18 (Lr34), Yr36, Yr46 
(Lr67) – APR-ãåíè (Long et al, 2024).

Ñò³éê³ñòü APR º íåñïåöèô³÷íîþ, ïîë³ãåí-
íîþ ³ çàáåçïå÷óº ïîì³ðíèé äîâãîòðèâàëèé ð³-
âåíü çàõèñòó ðîñëèí. Ãåíîòèïè ç APR-ñò³éê³ñ-
òþ âèÿâëÿþòüñÿ äîñèòü åôåêòèâíèìè äî á³ëü-

øîñò³ ðàñ çáóäíèêà, ìîæóòü ïðîòèñòîÿòè ïà-
òîãåíó çà ð³çíîìàí³òíèõ óìîâ, íåçâàæàþ÷è íà 
çì³íè éîãî ðàñîâîãî ñêëàäó (Abou-Zeid and 
Mourad, 2021). Ð³âåíü ñò³éêîñò³ ðîñëèí ìîæå ó 
çíà÷í³é ì³ð³ çàëåæàòè â³ä òåìïåðàòóðè. Îêðåì³ 
ãåíè APR º ãåíàìè ñò³éêîñò³ äî âèñîêèõ òåìïå-
ðàòóð (ÍÒÀR) (Bux et al, 2012; Chen, 2013). Äëÿ 
äîñÿãíåííÿ âèñîêîãî êîìåðö³éíîãî ð³âíÿ ñò³é-
êîñò³ ñîðò³â ðåêîìåíäóºòüñÿ âèêîðèñòîâóâàòè 
êîìá³íàö³¿ ãåí³â APR ç åôåêòèâíèìè ãåíàìè 
ASR (Gessese et al, 2021).

Âò³ì, çàçíà÷åíèé ïîä³ë ãåí³â íà äâ³ ñèñòåìè 
º äîñèòü óìîâíèì, îñê³ëüêè îäí³ é ò³ æ ìîæóòü 
â³äïîâ³äàòè ÿê çà ñò³éê³ñòü ïðîðîñòê³â, òàê ³ 
ñò³éê³ñòü äîðîñëèõ ðîñëèí. Çîêðåìà, ïðîâåäåí-
íÿ äîñë³äæåíü ç 6404 ìàðêåðàìè, ÿê³ îõîïëþ-
âàëè âåñü ãåíîì, äîçâîëèëî âèÿâèòè ðÿä íîâèõ 
QTL íà õðîìîñîìàõ ïøåíèö³ ì’ÿêî¿ êèòàéñüêî¿ 
ì³ñöåâî¿ ñåëåêö³¿. ×îòèðè ñòàá³ëüíèõ QTL, 
³äåíòèô³êîâàíèõ íà õðîìîñîìàõ 1Â, 2Â, 3Â, 5Â 
³ çóìîâëþâàëè ïðèáëèçíî 10–23 % ôåíîòèï³÷-

Òàáëèöÿ 1. Êëîíîâàí³ ãåíè ñò³éêîñò³ ïøåíèö³ äî æîâòî¿ ³ðæ³ 

Ãåí Ôóíêö³îíàëüíà ðîëü Ïåðøîäæåðåëî

Yr 5(Yr SP)
Yr 7
Yr 9
Yr 10

Yr 15
Yr 18(Lr 34)

Yr 27

Yr 36

Yr 46(Lr67)

YrU1

YrAS2388

YrNAM

êîäóº á³ëîê NLR ç äîäàòêîâèì äîìåíîì BED
êîäóº á³ëîê NLR ç äîäàòêîâèì äîìåíîì BED
êîäóº á³ëîê NLR ç äîäàòêîâèì äîìåíîì BED
êîäóº óí³êàëüíó ïîñë³äîâí³ñòü CC-NBS-LRR, çàáåçïå÷óº ñò³é-
ê³ñòü ïðîðîñòê³â äî ³ðæ³ 
êîäóº á³ëîê ³ç ê³íàçíèìè òà ïñåâäîê³íàçíèìè äîìåíàìè
êîäóº ÀÂÑ-òðàíñïîðòåð (ATP-binding cassette) ïëåéîòðîïíî¿ 
ñò³éêîñò³ 
êîäóº âíóòð³øíüîêë³òèííèé ³ìóííèé ðåöåïòîð ÿê îñíîâíèé 
ôàêòîð ðåçèñòåíòíîñò³; ìàº 97 % ³äåíòè÷í³ñòü äî á³ëêó, ùî 
êîäóºòüñÿ ãåíîì Lr13
êîäóº á³ëîê ç ê³íàçíèì äîìåíîì ³ ë³ï³ä-çâ’ÿçóâàëüíèì äîìå-
íîì START, íàäàº ñò³éê³ñòü äî øèðîêîãî ñïåêòðó ðàñ ³ðæ³ òà 
òåìïåðàòóðíîãî ñòðåñó
êîäóº ãåêñîçî-ïðîòîííèé ñèìïîðòåð (LR67res), çàáåçïå÷óº 
ñò³éê³ñòü äî á³ëüøîñò³ çáóäíèê³â ³ðæ³ ïøåíèö³
êîäóº ëåéöèí-çáàãà÷åíèé á³ëîê ç N-ê³íöåâèì àíê³ðèíîâèì 
ïîâòîðîì ³ Ñ-ê³íöåâèì äîìåíîì WRKY, óí³êàëüíó ñòðóêòóðó 
NLR ó ðîñëèí; êîäóº á³ëêè ç íóêëåîòèä-çâ’ÿçóþ÷èì ñàéòîì
òà ëåéöèí-áàãàòèìè ïîâòîðàìè – NBS-LRR (nucleotide binding
site – leucine-rich repeat), õàðàêòåðíèìè äëÿ ãåí³â ñò³éêîñò³
êîäóº ðåöåïòîð îë³ãîìåðèçàö³¿ íóêëåîòèä³â (NLR), ìàº 3′-íå-
òðàíñëüîâàí³ ä³ëÿíêè òà õàðàêòåðèçóºòüñÿ àëüòåðíàòèâíèì ñïëàé-
ñèíãîì ïðîäóêòó òðàíñêðèïö³¿ ó íóêëåîòèä-çâ’ÿçóâàëüíîìó äî-
ìåí³
êîäóº á³ëîê ñò³éêîñò³ ç äîìåíàìè NAM ³ ZnF-BED

Marchal et al, 2018
Marchal et al, 2018
Yu et al, 2024
Liu et al, 2020

Klymiuk et al, 2018
Krattinger et al, 2009

Athiyannan et al, 2022

Fu et al, 2009       

Moore et al, 2015
Cao et al, 2024

Krattinger et al, 2009
Wang et al, 2020

Zhang et al, 2019

Ni et al, 2023
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Ãåíåòè÷í³ îñíîâè ñò³éêîñò³ äî æîâòî¿ ³ðæ³ ïøåíèö³ 

íî¿ âàð³àö³¿, áóëè îäíî÷àñíî ïîâ’ÿçàí³ ç³ ñò³é-
ê³ñòþ ïðîðîñòê³â ³ äîðîñëèõ ðîñëèí (Wang et al, 
2021). Òðè íîâèõ QTL (QYr076.jaas-24, QYr076.
jaas-4D.1, QYr076.jaas-4D.2), âèÿâëåí³ øëÿõîì 
ìîëåêóëÿðíîãî êàðòóâàííÿ ó ïîïóëÿö³ÿõ ðå-
êîìá³íàíòíèõ ³íáðåäíèõ ë³í³é ÿðî¿ ïøåíèö³, 
ïîâ’ÿçàí³ ÿê ç³ ñò³éê³ñòþ âñ³õ ñòàä³é (ASR), òàê 
³ ç ïîë³ãåííîþ íåñïåöèô³÷íîþ APR-ñò³éê³ñ-
òþ. ²äåíòèô³êîâàí³ QTL áóëè åôåêòèâíèìè 
ïðîòè çíà÷íî¿ ê³ëüêîñò³ ïàòîãåí³â, à äîñë³äæó-
âàíà ë³í³ÿ PI660076 ðåêîìåíäîâàíà äëÿ ìàé-
áóòíüîãî âèêîðèñòàííÿ ÿê äæåðåëî ãåí³â ñò³é-
êîñò³  äî ñìóãàñòî¿ ³ðæ³ (Ren et al, 2024).

Íå çâàæàþ÷è íà íàÿâí³ñòü ó ãåíîì³ ðîñëèí 
ãåí³â ð³çíèõ òèï³â ñò³éêîñò³, íîâ³ â³ðóëåíòí³
ðàñè Pst ÷àñòî çíèæóþòü ¿õ åôåêòèâí³ñòü. Çà 
íàÿâíîñò³ ëèøå îäíîãî ãåíó ASR ðåéòèíã ñîð-
òó ìîæå çì³íèòèñÿ â³ä âèñîêîñò³éêîãî äî ÷óò-
ëèâîãî (Maccaferri et al, 2015; Krattinger and 
Keller, 2016). Òàê, àâñòðàë³éñüêèé ñîðò ïøå-
íèö³ ‘Ìàñå’ ç îäíèì ãåíîì ASR Yr17 äî ïåâ-
íîãî ÷àñó õàðàêòåðèçóâàâñÿ âèñîêîþ ñò³éê³ñòþ 
äî æîâòî¿ ³ðæ³. Ç ïîÿâîþ íîâèõ ðàñ ïàòîãåíà 
ñîðò âòðàòèâ ñò³éê³ñòü ³ ñòàâ ÷óòëèâèì äî çáóä-
íèêà íà ï³âäí³ Àâñòðàë³¿, õî÷à çáåð³ã ñò³éê³ñòü 
ó ï³âí³÷íèõ ðåã³îíàõ êðà¿íè (Milus et al, 2015).

Ãåíåòè÷í³ ãðóïè Pst, ¿õ ïîøèðåííÿ

Ñòâîðåííÿ ãåíîòèï³â, ñò³éêèõ äî ãðèáíèõ 
õâîðîá, íåìîæëèâå áåç çíàííÿ ñêëàäó ïîïóëÿ-
ö³¿ ïàòîãåíà â ò³é ÷è ³íø³é ãåîãðàô³÷í³é çîí³ 
é ñèñòåìàòè÷íîãî êîíòðîëþ éîãî çì³í. Àäæå 
ó ãåíîì³ çáóäíèêà ïîñò³éíî âèíèêàþòü ìóòà-
ö³¿, ÿê³ ïðèçâîäÿòü äî ïîÿâè íîâèõ àãðåñèâíèõ 
ðàñ ç âèñîêîþ ðåïðîäóêòèâíîþ òà ì³ãðàö³éíîþ 
çäàòí³ñòþ. Íà òåïåð³øí³é ÷àñ çàâäÿêè óí³ô³êà-
ö³¿ â³äîìîñòåé ùîäî ðàñ æîâòî¿ ³ðæ³ òà âèêî-
ðèñòàííþ íàáîðó äèôåðåíö³àòîð³â ³ ìàðêåð³â 
SSR, âèçíà÷åíî äî 20 ãåíåòè÷íèõ ãðóï Pst, ùî 
âêëþ÷àþòü óñ³ ñâ³òîâ³ êîëåêö³¿ ³çîëÿò³â (Ali 
et al, 2014; Ali et al, 2017). Çà äàíèìè Global 
Rust Reference Centre (GRRC, www.wheatrust.
org) íàéá³ëüø ïîøèðåíîþ ãåíåòè÷íîþ ãðóïîþ 
æîâòî¿ ³ðæ³ â ªâðîï³ ó 2023 ð. áóëà PstS10 (ó 
833 çðàçêàõ ³ç 20 êðà¿í âèÿâëåíî ïðèíàéìí³ 
4 ðàñè, êîæíà ç ÿêèõ àäàïòîâàíà äî ì³ñöåâèõ 
ñîðò³â ïøåíèö³), â òîé ÷àñ ÿê ó 2022 ð. äîì³-
íóâàëè PstS10, PstS8, PstS7. 

Ó êðà¿íàõ Öåíòðàëüíî¿ òà Ï³âí³÷íî¿ ªâðîïè 
ïîøèðèâñÿ â³ðóëåíòíèé øòàì æîâòî¿ ³ðæ³ War-

rior (PstS7) ã³ìàëàéñüêîãî ïîõîäæåííÿ (Chen et 
al, 2014; Howmøller et al, 2015). Éîãî øê³äëèâó 
ä³þ çàô³êñîâàíî â Í³ìå÷÷èí³, Àâñòð³¿, Íîðâå-
ã³¿, Øâåö³¿, Äàí³¿, Ïîëüù³, Øâåéöàð³¿ (Flath et 
al, 2021). Ñë³ä çàçíà÷èòè, ùî â ïîïåðåäí³ ðîêè 
ñìóãàñòà ³ðæà â ªâðîï³ íå áóëà äîì³íóþ÷îþ 
õâîðîáîþ. Öüîìó ñïðèÿëà íàÿâí³ñòü ó ãåíîòè-
ïàõ ºâðîïåéñüêî¿ ïøåíèö³ ãåí³â Yr1, Yr2, Yr3, 
Yr4, Yr6, Yr9, Yr15, Yr17, Yr25, Yr32 ç äîâãî-
òðèâàëîþ åôåêòèâí³ñòþ (Howmøller, 2007). Çà 
â³äîìîñòÿìè Shahinnia et al (2023) íàéá³ëüøó 
ñò³éê³ñòü äî ðàñè Warrior ìàþòü ñîðòè ç ãåíàìè, 
ëîêàë³çîâàí³ íà õðîìîñîìàõ 1Â òà 5Â, a ãåíè 
ñò³éêîñò³ Yr5, Yr10, Yr15, Yr27 äîñ³ åôåêòèâí³  
ïðîòè ðàñ Warrior ó ªâðîï³. 

Äæåðåëà ãåí³â ñò³éêîñò³ äî æîâòî¿ ³ðæ³

Ïðèðîäíèì äæåðåëîì á³ëüøîñò³ ãåí³â ñò³é-
êîñò³ äî æîâòî¿ ³ðæ³ ââàæàºòüñÿ ïøåíèöÿ T. 
aestivum. Öå, çîêðåìà, ãåíè Yr1, Yr2, Yr3à-c, 
Yr4a-b, Yr6, Yr11, Yr12,Yr13, Yr14, Yr16, Yr18, 
Yr20, Yr21, Yr22, Yr23, Yr25, Yr27, Yr29, Yr30, 
Yr31, Yr32, Yr33, Yr39, Yr41, Yr43, Yr44, Yr45, 
Yr46, Yr47, Yr49, Yr51, Yr52, Yr54, Yr55, Yr57, 
Yr58, Yr59, Yr60, Yr61, Yr62, Yr63, Yr66, Yr67, 
Yr68, Yr71, Yr75, Yr77, Yr78, Yr79, Yr80 (Wheat 
Gene Catalogue; Aktar-Uz-Zaman et al, 2017). 
Êð³ì òîãî, äæåðåëàìè ãåí³â ñò³éêîñò³ º äèêî-
ðîñë³ òà êóëüòèâîâàí³ âèäè Triticum, ïøåíè÷íî-
æèòí³ òðàíñëîêàö³¿, ãåíåòè÷íî ñïîð³äíåí³ ðîäè 
ðîñëèí (Bhardwaj et al, 2019; Kou et al, 2023). 
Òàê, ïîêàçàíà ìîæëèâ³ñòü âèêîðèñòàííÿ îä-
íîð³÷íîãî äèêîãî ðîäè÷à ïøåíèö³ Dasypyrum 
villosum (L.) ÿê äæåðåëà äëÿ ïîë³ïøåííÿ ïøå-
íèö³. Ïåðåíåñåííÿ âèçíà÷åíîãî ãåíà APR-ñò³é-
êîñò³ Yr7VS äî õë³áíî¿ ïøåíèö³ äîçâîëèëî 
ñòâîðèòè íîâó ãåíïëàçìó äëÿ ñåëåêö³¿ íà ñò³é-
ê³ñòü (Hou et al, 2024).

Äîñë³äæåííÿ äæåðåë ãåí³â ñò³éêîñò³ äî ³ðæ³ 
º àêòóàëüíèìè (Liu et al, 2020): òâåðäà ïøåíè-
öÿ T. durum º äæåðåëîì ãåí³â Yr7, Yr24, Yr53 
(Macer, 1963; McIntosh and Lagudah, 2000; Xu 
et al, 2013); òåòðàïëî¿äíà äèêîðîñëà ïîëáà T. 
dicoccoides – äæåðåëîì åôåêòèâíîãî ãåíà Yr15 
òà ãåí³â Yr35, Yr36 (McIntosh et al, 1996; Marais 
et al, 2005; Chicaiza et al, 2006). Äæåðåëàìè ãåí³â 
ñò³éêîñò³ º ð³çí³ âèäè åã³ëîïñ³â: Ae. comosa (Yr8) 
(Riley et al, 1968), Ae. ventricosa (Yr17) (Bariana 
and McIntosh, 1993), Ae. speltoides (Yr19) (Chen 
et al, 1995), Ae. tauschii (Yr28) (Singh et al, 2000), 
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Ae. kotschy (Yr37) (Marais et al, 2005), Ae. sharo-
nensis (Yr38) (Marais et al, 2006), Ae. geniculata 
(Yr40) (Kuraparthy et al, 2007), Ae. neglecta (Yr42) 
(Marais et al, 2009), Ae. umbellulata (Yr70) (Bansal 
et al, 2016). 

Ñë³ä çàçíà÷èòè, ùî ïðè âèêîðèñòàíí³ ³í-
òðîãðåñîâàíèõ ãåí³â ó êîìåðö³éíèõ ñîðòàõ ïøå-
íèö³, ïåðåíåñåí³ ä³ëÿíêè õðîìàòèíó ìîæóòü 
áóòè äîñòàòíüî âåëèêèìè, ³ ãåíè ñò³éêîñò³ âè-
ÿâëÿþòüñÿ àñîö³éîâàíèìè ç ïðîÿâîì ðÿäó íå-
áàæàíèõ îçíàê. Îäíàê ïîêàçàíî, ùî ãåíåòè÷í³ 
ìàí³ïóëÿö³¿ äîçâîëÿþòü äîñÿãòè ïîçèòèâíîãî 
åôåêòó ïðè âèêîðèñòàíí³ ãåí³â ç ÷óæèííèõ ðî-
ä³â ðîñëèí ÿê äæåðåë ñò³éêîñò³. Çîêðåìà, ìíî-
æèíí³ çàì³ùåííÿ õðîìîñîì òà ñêëàäí³ ñõðå-
ùóâàííÿ ç æèòîì (Secale ñerealå) äîçâîëèëè 
³íäóêóâàòè ãîìåîëîã³÷íó ðåêîìá³íàö³þ ³ îò-
ðèìàòè ³íòðîãðåñ³þ ç³ çìåíøåíèì ñåãìåíòîì 
õðîìîñîìè æèòà. Áóëî ³äåíòèô³êîâàíî ÷àñ-
òèíó òðàícëîêàö³¿ æèòà, ÿêà ì³ñòèëà íîâèé 
ãåí ñò³éêîñò³ äî ñìóãàñòî¿ ³ðæ³, òèì÷àñîâî ïî-
çíà÷åíèé ÿê YrSLU. Àíàë³ç ã³áðèäíèõ ïðî-
ðîñòê³â ï³äòâåðäèâ, ùî ñò³éê³ñòü äî ñìóãàñòî¿ 
³ðæ³, îäåðæàíà â³ä ë³í³¿ SLU126, çáåð³ãàºòüñÿ 
âïðîäîâæ ê³ëüêîõ ïîêîë³íü (Ashraf et al, 2023). 

Ïðèðîäíèìè äæåðåëàìè ãåí³â ñò³éêîñò³ äî 
æîâòî¿ ³ðæ³ º òàêîæ ïèð³é òà òðèòèêàëå. Ïè-
ð³¿ íàë³÷óþòü áëèçüêî 150 âèä³â, ÿê³ õàðàêòå-
ðèçóþòüñÿ êîìïëåêñîì êîðèñíèõ îçíàê ³ âëàñ-
òèâîñòåé, çîêðåìà, ñò³éê³ñòþ äî õâîðîá. Òàê, 
äîì³íàíòíèé àëåëü YrL693, ùî çíàõîäèòüñÿ 
íà õðîìîñîì³ 1B ïîðÿä ç Yr26, ³íòðîãðåñîâàíî 
â³ä Thinopyrum äî ïøåíèö³. Êð³ì òîãî, ðÿä ÷ó-
æèííèõ ãåí³â ñò³éêîñò³ äî ð³çíèõ ôîðì ³ðæ³ 
Yr50, Lr38, Sr44 âæå ïåðåíåñåí³ ðàçîì ç ³íøè-
ìè â ð³çí³ õðîìîñîìè ïøåíèö³ ó âèãëÿä³ íåâå-
ëèêèõ ³íòðîãðåñ³é (Liu et al, 2013; Huang et al, 
2014). Åôåêòèâí³ñòü ã³áðèäèçàö³¿ ì’ÿêî¿ ïøåíè-
ö³ ç òåòðàïëî¿äîì T. elongatum, ÿêèé º äæåðåëîì 
ãåíó ñò³éêîñò³ íà âñ³õ ñòàä³ÿõ Yr4EL, áóëà ï³ä-
òâåðäæåíà ñòâîðåíèìè ë³í³ÿìè ³ç çàì³ùåííÿì
4Å (4D) òà ç òðàíñëîêàö³ÿìè íåâåëèêèõ õðîìî-
ñîìíèõ ôðàãìåíò³â (T4DS-4DL-4EL ³ T5AS-5AL-
4EL). Ãåí Yr4EL áóâ êàðòîâàíèé ³ ëîêàë³çî-
âàíèé â îáëàñò³ ïðèáëèçíî 35 Mb íà ê³íö³
õðîìîñîìè 4EL T. ålongatum. Ñõðåùóâàííÿ ë³-
í³é ç ñîðòàìè ïøåíèö³ äîçâîëèëî îòðèìàòè 
íàùàäê³â ç âèñîêîþ ñò³éê³ñòþ äî ñìóãàñòî¿ ³ðæ³ 
òà ãàðíèìè àãðîíîì³÷íèìè ïîêàçíèêàìè, à òà-

êîæ âèçíàòè ¿õ ïåðñïåêòèâíèìè äëÿ ïîäàëü-
øî¿ ñåëåêö³¿ (Gong et al, 2024).

Çíà÷óù³ ãåíè ñò³éêîñò³ 
äî æîâòî¿ ³ðæ³ ïøåíèö³ 

Åôåêòèâí³ñòü ñîðò³â ïøåíèö³ ç ³íòðîãðåñî-
âàíèìè ãåíàìè ñò³éêîñò³ äî æîâòî¿ ³ðæ³ ï³ä-
òâåðäæåíà ó áàãàòüîõ êðà¿íàõ ñâ³òó. Òàê, ãåí 
Yr5, ÿêèé ïîõîäèòü â³ä T. spelta var. àlbum ³ çíà-
õîäèòüñÿ íà õðîìîñîì³ 2Â, çàáåçïå÷óº ñò³éê³ñòü 
ïøåíèö³ äî áàãàòüîõ ðàñ æîâòî¿ ³ðæ³. Äëÿ öüî-
ãî ãåíà áóëî âèçíà÷åíî 16 ïîð³âíÿíî áëèçüêèõ 
ïîë³ìîðôíèõ RGAP-ìàðêåð³â, ç ÿêèõ Xwgp-17, 
Xwgp-18, Xwgp-19 òà Xwgp-20 º êîäîì³íàíò-
íèìè. Äëÿ òî÷íîãî âèçíà÷åííÿ ãåíà Yr5 ðåêî-
ìåíäîâàíî âèêîðèñòîâóâàòè Xwgp-17 òà Xwgp-18 
(Yan et al, 2003).   

Ãåí Yr9, ÿêèé çóìîâëþº ñò³éê³ñòü äî çíà÷-
íî¿ ê³ëüêîñò³ ðàñ Pst ³ âõîäèòü äî ãåíîòèïó 
áàãàòüîõ ñîðò³â ïøåíèö³ ì³ñòèòüñÿ â õðîìî-
ñîìíîìó ñåãìåíò³, òðàíñëîêîâàíîìó ç æèòà 
(1B/1R). Öåé ãåí ÷àñòî êîìá³íóºòüñÿ ç ³íøè-
ìè ãåíàìè ñò³éêîñò³ (Feng et al, 2015). Íåùî-
äàâí³ äîñë³äæåííÿ ãåíà Yr9 çà äîïîìîãîþ ÷î-
òèðüîõ Pst-÷óòëèâèõ ìóòàíò³â ç ñîðòó ‘Lumai 
15’, ÿêèé íåñå òðàíñëîêàö³þ 1BL.1RS òà ãåí 
Yr9, äîçâîëèëè ðîçøèðèòè ãåíåòè÷í³ ðåñóðñè 
òà äîñòóïí³ñòü ìîëåêóëÿðíî¿ ñåëåêö³¿ ïøåíè-
ö³, ñïðÿìîâàíî¿ íà äîâãîòðèâàëó ñò³éê³ñòü äî 
õâîðîá øèðîêîãî ñïåêòðó. Áóëî âèÿâëåíî, ùî 
ãåí Yr9 º ÷àñòèíîþ êîíñåðâàòèâíîãî ÷îòèð-
íàäöÿòè÷ëåííîãî NLR ãåííîãî êëàñòåðó, ÿêèé 
çáåð³ãàºòüñÿ ñåðåä âèä³â Triticeae ³ º îðòîëî-
ãîì ëîêóñó Mla ÿ÷ìåíþ (Yu et al, 2024).

Ãåí Yr15 áóëî âèÿâëåíî ó 80-õ ðîêàõ ìè-
íóëîãî ñòîë³òòÿ ó çðàçêó G25 â³ä äèêîðîñëî¿ 
ïîëáè T. dicoccoides (Gerechter-Amitai and Gra-
ma, 1974; Gerechter-Amitai et al, 1989). Çãîäîì 
âèçíà÷èëè éîãî ì³ñöåçíàõîäæåííÿ íà õðîìî-
ñîì³ 1BS. Ãåí Yr15 ³ äîñ³ çàáåçïå÷óº íàä³éíó 
ñò³éê³ñòü ÿê ïðîòè òðàäèö³éíèõ øèðîêî ðîç-
ïîâñþäæåíèõ, òàê ³ íîâèõ ðàñ Pst. Áóëî òàêîæ 
âèçíà÷åíî, ùî Yr15 çàáåçïå÷óº ñò³éê³ñòü ïðîòè 
24 ðàñ ç 18 êðà¿í ñâ³òó ³ 26 êèòàéñüêèõ ðàñ Pst. 
Äîñë³äæåííÿ ñâ³ä÷àòü, ùî Yr15 åôåêòèâíèé òà-
êîæ ïðîòè ðàñ, ÿê³ âèÿâëåíî â ÑØÀ, Àâñòðàë³¿ 
òà ²íä³¿. Ö³ äàí³ ï³äòâåðäæóþòü ö³íí³ñòü Yr15 ÿê 
ãåíà ñò³éêîñò³ äî æîâòî¿ ³ðæ³ (Yaniv et al, 2015). 
Âèðîùóâàííÿ çðàçê³â ïøåíèö³ ç ãåíàìè Yr15 ³ 
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Yr5, Yr10, ÿê³ ïîõîäÿòü â³ä ãåêñàïëî¿äíî¿ ñïåëü-
òè, äàº ïîçèòèâí³ ðåçóëüòàòè, à êîìá³íàö³ÿ ãå-
í³â ñò³éêîñò³ Yr15 òà Yr5 ç ãåíàìè Yr18 òà Yr29 
ââàæàºòüñÿ íàéêðàùèì âàð³àíòîì äëÿ óíèê-
íåííÿ âåëèêîìàñøòàáíèõ åï³ô³òîò³é ó ªãèïò³  
(Esmail et al, 2021). 

Ìîëåêóëÿðíå òåñòóâàííÿ òà ïîð³âíÿëüíèé 
àíàë³ç ÿðèõ òà îçèìèõ ñîðò³â ïøåíèö³ íà ñòà-
ä³¿ ïðîðîñòê³â ó Êèòà¿ çàñâ³ä÷èëè íàÿâí³ñòü ãå-
í³â ñò³éêîñò³ äî ñìóãàñòî¿ ³ðæ³ Yr9, Yr10, Yr15, 
Yr17, Yr 18, Yr26, Yr41, Yr80, Yr81 ÿê ó ÿðî¿, òàê
³ ó îçèìî¿ ïøåíèö³. Îäíàê ñò³éê³ñòü îçèìî¿ 
ïøåíèö³ ñóòòºâî ïåðåâèùóâàëà ÿðó çà ðàõó-
íîê ãåí³â Yr9, Yr10, Yr17, Yr18 òà íàÿâíîñò³ 
ìóëüòèãåííèõ êîìïëåêñ³â (Lai et al, 2024).

Ðåçóëüòàòè äîñë³äæåíü åâîëþö³¿ ïîïóëÿö³é 
äèêîðîñëèõ âèä³â ïøåíèö³ äîçâîëèëè ïðîàíà-
ë³çóâàòè ãåíåòè÷í³ ïåðåòâîðåííÿ, ïîâ’ÿçàí³ ç 
ãåíîì Yr15 (Klymiuk et al, 2020). Âèçíà÷åíî, 
ùî ðàí³øå îõàðàêòåðèçîâàí³ ÿê íåàëåëüí³ ãåíè 
ñò³éêîñò³ äî æîâòî¿ ³ðæ³ Yr15, YrG303, YrÍ52, 
ÿê³ ëîêàë³çóþòüñÿ íà õðîìîñîì³ 1Â, êîäóþòü-
ñÿ îäíèì ëîêóñîì Wtk1. Àâòîðè ââàæàþòü, ùî 
ñïîíòàííà ³íòðîãðåñ³ÿ Wtk1 ó ê³ëüêà ãåíåòè÷íèõ 
ôîí³â ó ñâ³é ÷àñ ïðèçâåëà äî çì³ííèõ ôåíî-
òèï³÷íèõ â³äïîâ³äåé. Ïðè ïðîâåäåíí³ òîíêîãî 
êàðòóâàííÿ áóëî çàñâ³ä÷åíî, ùî ö³ òðè ëîêóñè 
ðåçèñòåíòíîñò³ êî-ñåãðåãóþòüñÿ ³ ìàþòü ³äåí-
òè÷íó ãåíîìíó ïîñë³äîâí³ñòü ôóíêö³îíàëüíîãî
Wtk1. Çðîáëåíî âèñíîâîê, ùî Wtk1-îïîñåðåä-
êîâàíà ðåçèñòåíòí³ñòü º ÷àñòèíîþ ñêëàäíî¿ 
ìåðåæ³ ³ìóííî¿ â³äïîâ³ä³.

Ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ çàðîäêîâî¿ 
ïëàçìè çðàçê³â ç äèêèõ âèä³â ïøåíèö³ Òóðå÷÷è-
íè, ÿê³ âèÿâèëèñü íîñ³ÿìè ãåíà Yr15, áóëà ï³ä-
òâåðäæåíà çà äîïîìîãîþ ïðàéìåð³â Y15K1_F2/
uhw30_1R. ²íòðîãðåñ³þ ãåíà øèðîêîãî ñïåêòðó 
Yr15 ³ç âèÿâëåíèõ äæåðåë ó êîìåðö³éí³ ñîðòè 
àâòîðè ââàæàþòü ïåðñïåêòèâíîþ äëÿ áîðîòü-
áè ç ïàòîãåíîì Pst (Baloch et al, 2023). Ãåí 
ñò³éêîñò³ Yr24 áóâ ïåðåíåñåíèé ó ïøåíèöþ â³ä 
Ae. tauschii òà ëîêàë³çîâàíèé íà õðîìîñîì³ 1Â. 
Áëèçüêå ðîçòàøóâàííÿ ãåí³â Yr24 òà Yr15 íà 
â³äñòàí³ 4ñÌ ìîæå âêàçóâàòè íà ¿õ ëîêàë³çà-
ö³þ ó êîðîòêîìó ïëå÷³ õðîìîñîìè 1Â (McIntosh 
and Lagudah, 2000).

Ïîøóê åôåêòèâíèõ ãåí³â ñò³éêîñò³ äîçâî-
ëèâ âèÿâèòè ãåíè APR Yr29 òà Yr78 (äæåðåëî –  
Triticum aestivum) ó ñêëàä³ QTL ó ë³í³¿ ïøåíèö³ 
Changwu 357-9 (Huang et al, 2022). Áóëî ³äåí-

òèô³êîâàíî ÷îòèðè ñòàá³ëüíèõ QTL íà ïëå÷àõ 
õðîìîñîì 1BL, 2AL, 3DS, 6BS. Íàéåôåêòèâ-
í³øèé ëîêóñ QYRCW357-1BL áóâ âèçíà÷åíèé 
ÿê ãåí Yr29, ëîêóñ 6BSQTL áóâ ãåíîì Yr78. 
Îáèäâà ãåíè áóëè ïðèñóòí³ìè ó áàãàòüîõ ñîð-
òàõ òà ë³í³ÿõ ïøåíèö³. QTL íà õðîìîñîì³ 2AL 
ïðîäåìîíñòðóâàâ åï³ñòàòè÷íó âçàºìîä³þ ç Yr29. 
Ðåçóëüòàòè ðîáîòè çàñâ³ä÷èëè åôåêòèâí³ñòü âè-
êîðèñòàíèõ ìàðêåð³â äëÿ ³äåíòèô³êàö³¿ QTL, à 
òàêîæ ¿õ ìîæëèâîñò³ ïðè ñòâîðåíí³ êîìåðö³é-
íèõ ñîðò³â ïøåíèö³ (Huang et al, 2022).

Ñò³éê³ñòü äî øèðîêîãî ñïåêòðó ðàñ Pst ç 
Àâñòðàë³¿, Àç³¿, Àìåðèêè, Àôðèêè òà ªâðîïè 
çàáåçïå÷óº ãåí YR63. Â³í áóâ îõàðàêòåðèçîâà-
íèé ç âèêîðèñòàííÿì ³íòåãðîâàíîãî ï³äõîäó, 
ÿêèé âêëþ÷àâ ö³ëüîâå ãåíîòèïóâàííÿ øëÿõîì 
ñåêâåíóâàííÿ (tGBS), ñåêâåíóâàííÿ ÐÍÊ ³ ïî-
ð³âíÿëüíèé ãåíîìíèé àíàë³ç ç òåòðàïëî¿äíîþ ³ 
ãåêñàïëî¿äíîþ ïøåíèöåþ. Ãåí ³äåíòèô³êîâàíî 
íà êîðîòêîìó ïëå÷³ õðîìîñîìè 7Â ì³æ äâîìà 
îäíîíóêëåîòèäíèìè ïîë³ìîðôíèìè ìàðêåðà-
ìè sunCS_YR63 òà sunCS_67, ÿê³ çà äîïîìî-
ãîþ ÌÀÑ-ñåëåêö³¿ ìîæóòü ñïðèÿòè ïîÿâ³ ãåíà 
YR63 â åë³òíèõ ñîðòàõ áàãàòüîõ êðà¿í (Macken-
zie et al, 2023). 

Êð³ì ïîøóêó ó ñîðòàõ âæå â³äîìèõ åôåêòèâ-
íèõ ãåí³â ñò³éêîñò³, íà òåïåð³øí³é ÷àñ éäå àê-
òèâíà ðîáîòà ïî ³äåíòèô³êàö³¿ íîâèõ äæåðåë ó 
ì³ñöåâîìó ñåëåêö³éíîìó ìàòåð³àë³. Òàê, íà õðî-
ìîñîì³ 5BL êèòàéñüêîãî ì³ñöåâîãî ñîðòó ïøå-
íèö³ ‘Anyuehong’ áóëî êàðòîâàíî òà ñõàðàêòå-
ðèçîâàíî ãåí ñò³éêîñò³ äî ñìóãàñòî¿ ³ðæ³ íà âñ³õ 
ñòàä³ÿõ YrAYH, ÿêèé ïðîäåìîíñòðóâàâ âèñîêèé 
ñòóï³íü ñò³éêîñò³ ó ïîëüîâèõ óìîâàõ (Long et al, 
2021). Íàñòóïí³ äîñë³äæåííÿ âèÿâëåíîãî QTL 
ç âèêîðèñòàííÿì ñåãðåãîâàíî¿ ïîïóëÿö³¿ ðîñ-
ëèí ïøåíèö³ äîçâîëèëè â àíàë³çîâàíîìó ëî-
êóñ³ âèÿâèòè áëèçüêî 60 àíîòîâàíèõ ãåí³â. 
Ï³äòâåðäæåíî, ùî YrAYH º ðàñîñïåöèô³÷íèì 
ÀSR ãåíîì ñò³éêîñò³ äî ðàñè Pst CYR34 (Long 
et al, 2024).

Ëîêàë³çàö³ÿ ãåí³â Yr. 
Ïëåéîòðîïí³ ãåíí³ êîìïëåêñè 

ñò³éêîñò³ çëàê³â

²äåíòèô³êàö³ÿ ãåí³â ñò³éêîñò³ äî æîâòî¿ ³ðæ³ 
íà õðîìîñîìàõ ãåíîì³â À, B ³ D (òàáë. 2) çà-
ñâ³ä÷óº, ùî íàéá³ëüøà ê³ëüê³ñòü åôåêòèâíèõ 
ãåí³â Yr, çîêðåìà ãåíè Yr5, Yr10, Yr15, ðîçòà-
øîâàíà íà õðîìîñîìàõ ãåíîìó Â (Bulli et al, 
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2016; Liu Cheng et al, 2020; Bariana et al, 2022). 
Íå çâàæàþ÷è íà âèñîêèé ñòóï³íü äîñë³äæåíîñ-
ò³ áàãàòî â³äîìèõ ãåí³â Yr ùå íå âêëþ÷åí³ äî 
ñîðò³â ïøåíèö³. Äåÿê³ âèÿâëÿþòüñÿ íåäîñòàò-
íüî åôåêòèâíèìè ïðîòè íîâèõ ìóòàíòíèõ ðàñ  
Pst. Öå ñâ³ä÷èòü ïðî íåîáõ³äí³ñòü ïîäàëüøèõ 
ïîøóê³â íîâèõ ãåí³â ñò³éêîñò³ ³ âèêîðèñòàííÿ 
óñ³õ â³äîìèõ äæåðåë ðåçèñòåíòíîñò³ äî âèñîêî-
â³ðóëåíòíèõ ðàñ ³ðæ³ (McIntosh et al, 2018; Jia 
et al, 2020; Wu, 2022).

Ãåíîòèïè ç êîìïëåêñîì ãåí³â, ÿê³ êîíòðî-
ëþþòü ñò³éê³ñòü äî äåê³ëüêîõ õâîðîá, ââàæà-
þòüñÿ îñîáëèâî ö³ííèìè, àäæå åôåêòèâíà òðè-
âàëà ñò³éê³ñòü äî õâîðîá º âàæëèâîþ ìåòîþ 
ñåëåêö³¿ ïøåíèö³. Ðîçðîáêà ³ âèêîðèñòàííÿ ìî-
ëåêóëÿðíèõ ï³äõîä³â äëÿ àíàë³çó òà ³äåíòèô³-
êàö³¿ ãåí³â çíà÷íî ïðèñêîðèëà âèçíà÷åííÿ òî÷-
íîãî ãåíîìíîãî ³ õðîìîñîìíîãî ðîçòàøóâàí-
íÿ òà çâ’ÿçêè ãåí³â, ùî êîíòðîëþþòü ñò³éê³ñòü 
ðîñëèí äî ð³çíèõ õâîðîá. Òàê, îá’ºäíàíèé ñå-
ãðåãàíòíèé àíàë³ç ³ êàðòóâàííÿ ç÷åïëåííÿ ç 
âèêîðèñòàííÿì àìïë³ô³êîâàíèõ ïîë³ìîðôíèõ 
ôðàãìåíò³â çàñâ³ä÷èëè ò³ñíèé çâ’ÿçîê ãåíà ñò³é-
êîñò³ äî ëèñòêîâî¿ ³ðæ³ Lr46, ÿêèé ðîçòàøîâà-
íèé íà äèñòàëüíîìó ê³íö³ äîâãîãî ïëå÷à õðîìî-
ñîìè 1Â, ç ãåíîì ñò³éêîñò³ äîðîñëèõ ðîñëèí äî 
ñìóãàñòî¿ ³ðæ³, ³äåíòèô³êîâàíèì ÿê Yr29 (Wil-
liam  et al, 2003). Äî îäíîãî ãåííîãî ëîêóñó íà 
õðîìîñîì³ 7DS ó êîìïëåêñ³ ç ãåíàìè ñò³éêîñò³ 
ùå äî ê³ëüêîõ ð³çíèõ ïàòîãåí³â áóëè â³äíåñåí³ 
ãåí Lr34 òà ãåí Yr18. Îñòàíí³é º åôåêòèâíèì 

ïðîòè ñìóãàñòî¿ ³ðæ³ íà ñòàä³¿ äîðîñëî¿ ðîñëè-
íè (Spielmeyer et al, 2005). 

Ðåçóëüòàòè ³äåíòèô³êàö³¿ ³íòðîãðåñîâàíèõ â 
õë³áíó ïøåíèöþ ãåí³â ñò³éêîñò³ Lr53 òà Yr35 ³ç 
Ae. longissimà àáî ç Ae. sharonensis, àáî ç ³íøèõ 
ñïîð³äíåíèõ âèä³â, ùî ì³ñòÿòü S-ãåíîì, çàñâ³ä-
÷èëè, ùî çàçíà÷åí³ ãåíè ñò³éêîñò³ ðîçòàøîâà-
í³ â òåëîìåðí³é îáëàñò³ ïëå÷à õðîìîñîìè 6ÂS. 
Ñïîñòåðåæåííÿ êî-ñåãðåãàö³¿ ì³æ ãåíàìè Lr53 
³ Yr35 â ìåæàõ äîñë³äæóâàíîãî ðåã³îíó äîçâî-
ëèëè âèçíà÷èòè ìàðêåð, àñîö³éîâàíèé ç îáîìà 
ãåíàìè, ÿêèé óìîæëèâèâ ïåðåäáà÷àòè ó 87 ïðî-
òåñòîâàíèõ òåòðàïëî¿äíèõ ³ 149 ãåêñàïëî¿äíèõ 
ãåíîòèïàõ ïøåíèö³ ïðèñóòí³ñòü àáî â³äñóòí³ñòü 
÷óæîð³äíîãî ñåãìåíòó, ùî ì³ñòèòü Lr53 ³ Yr35 
(Xu et al, 2024).

Íàòåïåð äîáðå âèâ÷åíî ïëåéîòðîïí³ ãåíí³ 
êîìïëåêñè ïøåíè÷íîãî ïîõîäæåííÿ, ÿê³ ôîð-
ìóâàëèñÿ â ïðîöåñ³ ïðèðîäíîãî òà øòó÷íîãî 
äîáîðó, êîíòðîëþþòü ñò³éê³ñòü äî ðÿäó õâîðîá 
³ óñïàäêîâóþòüñÿ ÿê îäèí ìåíäåëåâñüêèé ãåí. 
Öå, çîêðåìà, ãåíè Lr34/Yr18/Sr57/Pm38/Ltn1, 
Lr46/Yr29/Sr58/Pm39/Ltn2, Lr67/Yr46/Sr55/Pm46/
Ltn3 òà Sr2/Yr30/Lr27/Pbc1, ÿê³ îáóìîâëþþòü 
äîâãîòðèâàëó ñò³éê³ñòü äî ð³çíèõ õâîðîá: Lr 
(leaf rust) – äî ëèñòîâî¿ (áóðî¿) ³ðæ³, Yr (yellow 
rust) – æîâòî¿ (ñìóãàñòî¿) ³ðæ³, Sr (stem rust) – 
ñòåáëîâî¿ (÷îðíî¿) ³ðæ³, Pm (powdery mildew) –
ìó÷íèñòî¿ ðîñè, Ltn (leaf tip necrosis) – íåêðîçó 
âåðõ³âêè ëèñòÿ, Pbc (pseudo-black-chaff) – ïî-
÷îðí³ííÿ ëóñîê êîëîñà. Çàçíà÷åí³ ãåíí³ êîìï-

Òàáëèöÿ 2. Ëîêàë³çàö³ÿ ãåí³â Yr íà õðîìîñîìàõ ãåíîì³â À, B, D T. aestivum (https://wheat.pw.usda.gov/GG3/WGC)

Õðîìî-
ñîìè

Ãåíîìè

À Â D

1

2

3

4

5

6

7

Yr1,Yr17, Yr32, Yr56, Yr69, Yr86

Yr76

Yr60

Yr34/Yr48, Yr51

Yr26, Yr38, Yr42, Yr81, Yr83

Yr61, Yr75 

Yr3à, Yr3c, Yr9, Yr10, Yr15, Yr21, Yr24, 
Yr26, Yr29, Yr64, Yr65 

Yr3, Yr5, Yr7, Yr13, Yr27, Yr31, Yr41, Yr43,
Yr44, Yr53 

Yr4, Yr30, Yr57, Yr58, Yr80, Yr82

Yr50, Yr62, Yr68

Yr19, Yr47, Yr74

Yr4a, Yr4b, Yr35, Yr36, Yr78

Yr2, Yr6, Yr39, Yr52, Yr59, Yr63, Yr67, 
Yr79

Yr25

Yr8, Yr16, Yr37, Yr54, Yr55 

Yr45,Yr49,Yr66, Yr71, Yr73

Yr22, Yr28, Yr46,

Yr40, Yr70

Yr20, Yr23, Yr77

Yr18,Yr33 
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ëåêñè çàáåçïå÷óþòü äîñòàòíüî âèñîêèé ð³âåíü 
ïîëüîâî¿ ñò³éêîñò³ äî áàãàòüîõ õâîðîá, ùî ðî-
áèòü ¿õ ïðèâàáëèâèìè ³ êîðèñíèìè ïðè ñòâî-
ðåíí³ ñîðò³â â óìîâàõ ñó÷àñíèõ êë³ìàòè÷íèõ 
çì³í (Kolmer et al, 2008; Lillemo et al, 2008; Krat-
tinger et al, 2009; Herrera-Foessel et al, 2014; Lan  
et al, 2015; Mahmood et al, 2022; Li et al, 2023). 
Êð³ì òîãî, ³ñíóþòü ñâ³ä÷åííÿ ïðî ìîæëèâ³ñòü 
îòðèìàííÿ á³ëüø ðåçèñòåíòíèõ äî õâîðîá ñîð-
ò³â êóëüòóðíèõ çëàê³â øëÿõîì ï³ðàì³äóâàííÿ ãå-
í³â Lr34/Yr18/Sr57/Pm38/Bdv1/Ltn1+Lr46/Yr29/
Sr58/Pm39/Ltn2+Sr2/Yr30/Lr27/Pbc1 (Hussain et
al, 2015), Lr34/Yr18/Sr57/Pm38/Bdv1/Ltn1 + Sr2/
Yr30/Lr27/Pbc1 + Lr68 (Silva et al, 2015).

Òàêèì ÷èíîì, àíàë³ç ðåçóëüòàò³â ïðîâåäåíèõ 
äîñë³äæåíü çàñâ³ä÷óº âàæëèâ³ñòü ñ³íåðã³¿ òðà-
äèö³éíèõ êëàñè÷íèõ ³ ñó÷àñíèõ ìîëåêóëÿðíèõ 
ìåòîä³â ìàðêóâàííÿ ãåí³â äëÿ âèêîðèñòàííÿ ó  
ïðîãðàìàõ ñåëåêö³¿ íà ï³äâèùåííÿ ðåçèñòåíò-
íîñò³ äî ³ðæ³ ïøåíèö³. 

Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â ó áóäü-ÿê³é ôîðì³; 
ñòàòòÿ íå áóëà ³ íå áóäå ïðåäìåòîì êîìåðö³éíî-
ãî ³íòåðåñó ÷è âèíàãîðîäè.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ-
÷èõ óñòàíîâ ó äåðæàâíîìó, êîìåðö³éíîìó àáî 
íåêîìåðö³éíîìó ñåêòîðàõ.
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Yellow (stripe) rust, the agent of which is a biotrophic 
fungus, Puccinia striiformis West. f. sp. tritici (Pst), is 
one of the most harmful diseases of wheat. Creating 
resistant genotypes is considered ecologically safe and 
economically profitable technology for plant protection. 
At present, there are over 80 known and officially 
recognized genes of resistance to stripe rust (Yr), as well as 
dozens of genes with temporary labeling. Some Yr genes 
were characterized, and the corresponding molecular 
markers to them were selected. An urgent direction of 
studies is the search for effective quantitative trait loci 

(QTL) to be used in breeding programs for resistance to 
yellow rust. In current views, the genetic resistance of 
wheat to yellow rust is divided into the adult seedling 
resistance (ASR) and the adult plant resistance (APR). 
Most identified genes of resistance to yellow rust are 
considered race-specific ASR-genes. At present, the 
unification and systematization of all races were performed 
using the global pathogen collections, which allowed for 
the practical application of about 20 identified genetic 
groups of Pst. Triticum aestivum L. is believed to be the 
source of most genes of resistance to yellow rust – more 
than 50 Yr genes originate from bread wheat. Relevant 
sources of resistance genes can also be found in wild and 
cultivated Triticum species and genetically related plants, 
including different species of goat grass. The localization 
of Yr genes of the chromosomes of genomes À, B, and 
D of T. aestivum L. demonstrated their highest number 
in genome Â. The genotypes with a complex of genes, 
controlling resistance to several diseases, are considered 
especially valuable and widely used in breeding programs 
worldwide.
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