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Ïøåíè÷íî-æèòí³ òðàíñëîêàö³¿ ç ó÷àñòþ ïëå÷à 1RS º 
ïîøèðåíèìè ³íòðîãðåñ³ÿìè ñåðåä êîìåðö³éíèõ ñîðò³â 
ïøåíèö³ ì’ÿêî¿: 1BL.1RS â³ä æèòà Petkus (ÿê ó ñîðòó 
Êàâêàç) òà 1AL.1RS â³ä æèòà Insave (ÿê ó Amigo). Ãå-
íîòèïè ç ðåêîìá³íàíòíèì ïëå÷åì 1RS ó ñêëàä³ òðàíñ-
ëîêàö³¿ ìîæóòü íåñòè íîâ³ ïîºäíàííÿ ãåí³â ñò³éêîñò³ 
íà õðîìîñîìí³é ä³ëÿíö³, ùî ôëàíêóºòüñÿ ëîêóñàìè Sec-
1 (Gli-R1) òà Sec-N, ðîçì³ùåíîìó äèñòàëüíî â³ä Sec-1 
íà â³äñòàí³ 10–20 ñÌ. Ìåòîþ äàíî¿ ðîáîòè áóëî äî-
ñë³äæåííÿ ÷àñòîòè ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå-
÷åì 1RS ó ñêëàä³ ïøåíè÷íî-æèòí³õ òðàíñëîêàö³é ó ã³-
áðèäíèõ ïîïóëÿö³ÿõ ïøåíèö³ ïîêîë³ííÿ F5 â³ä ñõðåùåííÿ 
íîñ³¿â òðàíñëîêàö³é 1BL.1RS ³ 1AL.1RS. Ìàòåð³àëîì 
äîñë³äæåííÿ ñëóãóâàëè âèá³ðêè çåðåí F5 ç ã³áðèäíèõ ïî-
ïóëÿö³é Ìèðîí³âñüêà 67 (Ì67) × Êîëóìá³ÿ, Êîëóìá³ÿ ×
× Ì67, Á-16 × Ñìóãëÿíêà òà Ñìóãëÿíêà × Á-16. Ñîðò 
Ì67 ³ ë³í³ÿ Á-16 – íîñ³¿ 1BL.1RS ÿê ó ñîðòó Êàâêàç; 
ñîðòè Ñìóãëÿíêà ³ Êîëóìá³ÿ – íîñ³¿ 1AL.1RS ÿê ó ñîðòó 
Amigo. Äëÿ ³äåíòèô³êàö³¿ ïðèñóòíîñò³ òðàíñëîêàö³é ç 
ó÷àñòþ 1RS òà ¿õ ïîëîæåííÿ (íà 1AL ÷è 1BL) âèêîðèñ-
òîâóâàëè åëåêòðîôîðåç ñïèðòîðîç÷èííèõ á³ëê³â çåðíà 
òà ³äåíòèô³êàö³þ àëåë³â ëîêóñ³â Gli-A1/Gli-R1, Gli-B1/
Gli-R1. Çà äîïîìîãîþ SDS-åëåêòðîôîðåçó ³äåíòèô³-
êóâàëè àëåë³ çà ëîêóñîì Sec-N. Íàÿâí³ñòü ïðîäóêò³â 
ðåêîìá³íàö³¿ ì³æ ïëå÷àìè 1RS âèçíà÷àëè çà çì³íîþ õðî-
ìîñîìíîãî ïîëîæåííÿ â³äïîâ³äíîãî àëåëÿ ëîêóñ³â Gli-R1 
(Sec-1) òà Sec-N. Ó ã³áðèäíèõ ïîïóëÿö³ÿõ F

5 ñåðåä øåñ-
òè òåîðåòè÷íî ìîæëèâèõ âàð³àíò³â ãåíîòèï³â ç ðå-
êîìá³íàíòíèì ïëå÷åì 1RS çà ñåêàë³íîâèìè ëîêóñàìè 
âèÿâëåíî ï`ÿòü. Ñóìàðíà ÷àñòîòà íîñ³¿â îäíî÷àñíî äâîõ 
òðàíñëîêàö³é ñòàíîâèëà â³ä 3,3 äî 18,0 %, à ñóìàðíà 
÷àñòîòà ãåíîòèï³â ç îäíèì ³äåíòèô³êîâàíèì ðåêîìá³-
íàíòíèì ïëå÷åì 1RS – â³ä 5,7 äî 30,5 %. Íàéá³ëüøó 
÷àñòîòó ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS âè-
ÿâëåíî â ïîïóëÿö³¿ F5 Ì67 × Êîëóìá³ÿ. 

Êëþ÷îâ³ ñëîâà: Triticum aestivum, 1BL.1RS, 1AL.1RS, 
ñåêàë³í, ãë³àäèí, åëåêòðîôîðåç á³ëê³â 

Âñòóï. Öåíòðè÷í³ ïøåíè÷íî-æèòí³ òðàíñëîêà-
ö³¿ ç ó÷àñòþ ïëå÷à 1RS: 1BL.1RS (òðàíñëîêàö³ÿ 

êîðîòêîãî ïëå÷à õðîìîñîìè 1R æèòà (Secale ce-
reale L.) íà äîâãå ïëå÷å õðîìîñîìè 1Â) òà 
1ÀL.1RS (òðàíñëîêàö³ÿ 1RS íà äîâãå ïëå÷å õðî-
ìîñîìè 1À) çàëèøàþòüñÿ øèðîêî ïîøèðåíèìè 
³íòðîãðåñ³ÿìè ñåðåä êîìåðö³éíèõ ñîðò³â ïøå-
íèö³ ì’ÿêî¿ (Purnhauser et al, 2011; Zhang et 
al. 2011; Tabibzadeh et al, 2013; Schlegel, 2016; 
Graybosch et al, 2019; Kozub et al, 2020). Ó á³ëü-
øîñò³ êîìåðö³éíèõ ñîðò³â ³ç òðàíñëîêàö³ºþ 1BL.
1RS ïëå÷å 1RS ïîõîäèòü â³ä æèòà Petkus ÷åðåç 
ë³í³þ Riebesel 47–51 (Rabinovich, 1998). Øèðî-
êîâ³äîìèìè ñîðòàìè ç òàêîþ òðàíñëîêàö³ºþ º 
ñîðòè  Àâðîðà ³ Êàâêàç. Ó òðàíñëîêàö³¿ 1AL.1RS 
æèòíº ïëå÷å ïîõîäèòü â³ä àðãåíòèíñüêîãî ñîðòó 
æèòà Insave, à ïåðøèì ñîðòîì ì’ÿêî¿ ïøåíèö³ 
ç 1AL.1RS áóâ ñîðò Amigo (Rabinovich, 1998). 

Äëÿ ðóòèííî¿ ³äåíòèô³êàö³¿ ïðèñóòíîñò³ 
òðàíñëîêàö³é 1BL.1RS òà 1AL.1RS íàéïðîñò³-
øèì òà íàéá³ëüø ³íôîðìàòèâíèì ìåòîäîì º 
åëåêòðîôîðåç ñïèðòîðîç÷èííèõ çàïàñíèõ á³ë-
ê³â çåðíà (ãë³àäèí³â ïøåíèö³ ³ ñåêàë³í³â æèòà) 
ó êèñëîìó ñåðåäîâèù³, ùî ïîêàçóº ïðèñóòí³ñòü 
õàðàêòåðíîãî áëîêó îìåãà-ñåêàë³í³â (Sozinov 
and Poperelya, 1977; Sasek and Bartos, 1980; 
Metakovsky et al, 2018). Öåé ìåòîä äîçâîëÿº 
îäíî÷àñíî âèçíà÷èòè ðîçì³ùåííÿ 1RS ó ñêëà-
ä³ òðàíñëîêàö³¿ – íà äîâãîìó ïëå÷³ õðîìîñîìè 
1A ÷è 1B áåç äîäàòêîâèõ àíàë³ç³â: çà â³äñóò-
í³ñòþ áëîê³â ãë³àäèí³â, êîäîâàíèõ Gli-A1 àáî 
Gli-B1 (Kozub et al, 2018). Íà 1RS á³ëüø³ñòü 
ñåêàë³íîâèõ ãåí³â çíàõîäÿòüñÿ ó ëîêóñ³ Sec-1 
(Gli-R1), ðîçì³ùåíîìó íà â³äñòàí³ 33,6–36,4 ñÌ 
â³ä öåíòðîìåðè (Lukashewski, 2000; Sharma et 
al, 2009). Äîñë³äæåííÿ Rogowsky et al (1991) òà 
Lukaszewski (2000) ïîêàçàëè, ùî ëîêóñè Sec-1 
òà Gli-1/Glu-3 º íåãîìåîëîã³÷íèìè òà ðîçì³ùó-
þòüñÿ â ð³çíèõ ïîçèö³ÿõ íà â³äïîâ³äíèõ êîðîò-
êèõ ïëå÷àõ õðîìîñîì 1 ãîìåîëîã³÷íî¿ ãðóïè. Ó 
íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ áóëî êàðòîâà-
íî íîâèé ñåêàë³íîâèé ëîêóñ, ïîçíà÷åíèé Sec-N, 
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²äåíòèô³êàö³ÿ ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS ó ã³áðèäíèõ ïîïóëÿö³ÿõ 

íà â³äñòàí³ 10–23 ñÌ äèñòàëüíî â³äíîñíî ëîêóñó 
Sec-1 (Kozub et al, 2014; 2018). Ñåêâåíóâàííÿ 
ïëå÷à 1RS ó ë³í³¿ ïøåíèö³ ì’ÿêî¿ Aikang58 ç 
òðàíñëîêàö³ºþ ÿê ó ñîðòó Êàâêàç, çä³éñíåíå Ru 
et al (2020) çà òåõíîëîã³ºþ Illumina Hiseq, ïî-
êàçàëî ùî êëàñòåð ãàììà-ñåêàë³íîâèõ ãåí³â ðîç-
ì³ùåíèé äèñòàëüíî íà â³äñòàí³ ìàéæå 9000 ò.ï.í 
â³ä êëàñòåðó îìåãà-ñåêàë³íîâèõ ãåí³â. Â³äñòàíü 
á³ëÿ 12000 ò.ï.í. òàêîæ âèÿâëåíî ì³æ êëàñòåðà-
ìè ãàììà-ñåêàë³íîâèõ òà îìåãà-ñåêàë³íîâèõ ãå-
í³â ïðè ñåêâåíóâàíí³ ãåíîìó êèòàéñüêîãî ñîðòó 
æèòà Weining, à êëàñòåð ãàììà ãë³àäèí³â òàêîæ 
çíàõîäèâñÿ äèñòàëüí³øå â³ä îìåãà-ãë³àäèíîâî-
ãî êëàñòåðà (Li et al, 2021). ßêùî ïðèïóñòèòè, 
ùî â³äíîøåííÿ ô³çè÷íî¿ äî ãåíåòè÷íî¿ â³äñòà-
í³ ìåíøå 1000 ò.ï.í/ñÌ, îñîáëèâî âðàõîâóþ÷è 
íàÿâí³ñòü ãåí-áàãàòèõ ä³ëÿíîê, òî ãåíåòè÷íà 
â³äñòàíü ì³æ öèìè êëàñòåðàìè ñåêàë³í³â – íå 
ìåíøå 10 ñÌ. Ñóäÿ÷è ç â³äñòàí³ ì³æ êëàñòåðà-
ìè ãàììà ³ îìåãà-ñåêàë³í³â, îäåðæàíèìè Ru et 
al (2020) òà Li et al (2021) ïðè ñåêâåíóâàíí³, ö³ 
ñåêàë³íîâ³ êëàñòåðè ðîçì³ùåí³ â îêðåìèõ ëî-
êóñàõ, îìåãà-ñåêàë³íè – â á³ëüø ïðîêñèìàëüíî 
ðîçì³ùåíîìó ëîêóñ³ Sec-1, ãàììà-ñåêàë³íè –
â îêðåìîìó äèñòàëüíîìó ëîêóñ³. Òîìó ëîêóñ 
Sec-N (Kozub et al, 2014; 2018) ìîæå çá³ãàòèñü, 
àáî áóòè ç÷åïëåíèì ç ëîêóñîì, äå çíàõîäèòüñÿ 
êëàñòåð ãàììà-ãë³àäèí³â. 

Ç âèêîðèñòàííÿì åëåêòðîôîðåçó ãë³àäèí³â, 
çà ïðèñóòí³ñòþ ïåâíèõ áëîê³â ãë³àäèí³â òà ñå-
êàë³í³â, íàìè ðàí³øå áóëî ³äåíòèô³êîâàíî ðå-
êîìá³íàíòí³ òðàíñëîêàö³¿ 1BL.1RS òà 1AL.1RS 
ñåðåä ïîïóëÿö³¿ ðåêîìá³íàíòíî-³íáðåäíèõ ë³-
í³é (Ð²Ë) ïîêîë³ííÿ F6, ïðè÷îìó 1RS ó ñêëàä³ 
ð³çíèõ òðàíñëîêàö³é íà ïëå÷àõ 1AL ³ 1BL ðå-
êîìá³íóâàëè ç ÷àñòîòîþ â³ä 7 % (çà ìàðêåðîì 
Sec-1) äî 12 % (çà Sec-N) (Kozub et al, 2018). 
Ìåòîþ äàíî¿ ðîáîòè áóëî äîñë³äæåííÿ ÷àñòî-
òè ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS 
ó ñêëàä³ ïøåíè÷íî-æèòí³õ òðàíñëîêàö³é ó ã³-
áðèäíèõ ïîïóëÿö³ÿõ ïøåíèö³ ïîêîë³ííÿ F5 â³ä 
ñõðåùåííÿ íîñ³¿â ç òðàíñëîêàö³ÿìè 1BL.1RS 
(òèïó Êàâêàç) ³ 1AL.1RS (òèïó Amigo).

Ìàòåð³àëè ³ ìåòîäè. Ìàòåð³àëîì äîñë³äæåí-
íÿ ñëóãóâàëè ã³áðèäí³ ïîïóëÿö³¿ ïîêîë³ííÿ F5 
(çåðíî F5 ç ïîïóëÿö³¿ ðîñëèí F4) â³ä ñõðåùåííÿ 
ñîðò³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ ç ð³çíèìè ïøå-
íè÷íî-æèòí³ìè òðàíñëîêàö³ÿìè – 1AL.1RS òè-
ïó Amigo òà 1BL.1RS òèïó Êàâêàç: Ìèðîí³âñüêà 
67 (Ì67) × Êîëóìá³ÿ, Êîëóìá³ÿ × Ì67, Á-16 ×

× Ñìóãëÿíêà òà Ñìóãëÿíêà × Á-16. Ñîðò Ì67 
³ ë³í³ÿ Á-16 – íîñ³¿ òðàíñëîêàö³¿ 1BL.1RS ÿê ó 
ñîðòó Êàâêàç; ñîðòè Ñìóãëÿíêà ³ Êîëóìá³ÿ – 
íîñ³¿ òðàíñëîêàö³¿ 1AL.1RS ÿê ó ñîðòó Amigo. 
Ïîïóëÿö³þ çåðåí F2 â³ä òàêèõ ñõðåùåíü áóëî 
ïîïåðåäíüî ïåðåñ³ÿíî íà äîñë³äí³é ä³ëÿíö³ (ñ. 
Ãàòíå, Êè¿âñüêà îáë.) âïðîäîâæ äâîõ ðîê³â äî 
îòðèìàííÿ ðîñëèí F4. Ïðîàíàë³çîâàíî 128 çåð-
í³âîê ïîïóëÿö³¿ Ì67 × Êîëóìá³ÿ, 213 – Êîëóì-
á³ÿ × Ì67, 225 – Á-16 × Ñìóãëÿíêà òà 185 –
Ñìóãëÿíêà × Á-16. 

Ñïèðòîðîç÷èíí³ á³ëêè çåðíà àíàë³çóâàëè
åëåêòðîôîðåçîì ó êèñëîìó ñåðåäîâèù³ â 10%-
âîìó ïîë³àêðèëàì³äíîìó ãåë³ çà ðîçðîáëåíîþ 
íàìè ìåòîäèêîþ (Kozub et al, 2009). Åëåêòðî-
ôîðåç ó ïðèñóòíîñò³ äîäåöèëñóëüôàòó íàòð³þ 
(SDS-åëåêòðîôîðåç) çàãàëüíîãî á³ëêó çåðíà
ïðîâîäèëè çà ìåòîäèêîþ Laemmli â 10%-âîìó 
ðîçä³ëÿþ÷îìó ãåë³ (Laemmli, 1970). Íà SDS-
åëåêòðîôîðåãðàì³ â³äì³÷àëè ïðèñóòí³ñòü-â³äñóò-
í³ñòü êîìïîíåíòà ï³ä y-ñóáîäèíèöåþ, êîäîâà-
íîþ ëîêóñîì Glu-D1: ïðèñóòí³ñòü ïîçíà÷àëè
‘a’ (ÿê ó íîñ³¿â òðàíñëîêàö³¿ òèïó Amigo – 
Ñìóãëÿíêà, Êîëóìá³ÿ), â³äñóòí³ñòü – ‘î’ (ÿê 
ó Á-16 ³ Ì67). Êîìïîíåíò ‘a’ êîäóºòüñÿ àëå-
ëåì a ëîêóñó Sec-N (Kozub et al, 2018). Àëåë³ 
áàòüê³âñüêèõ ñîðò³â òà ë³í³é çà äîñë³äæóâàíèìè 
ïðîëàì³íîâèìè ëîêóñàìè íàâåäåíî â òàáë. 1. 
Ìàðêåðîì ïøåíè÷íî-æèòí³õ òðàíñëîêàö³é º 
ïðèñóòí³ñòü íà åëåêòðîôîðåãðàì³ ñïèðòîðîç-
÷èííèõ á³ëê³â çåðíà ñåêàë³íîâèõ êîìïîíåíò³â, 
êîäîâàíèõ ãåíàìè ëîêóñó Gli-R1 (Sec-1). Åëåê-
òðîôîðåãðàìè ãë³àäèí³â Á-16 ³ Ì67 ç òðàíñëî-
êàö³ºþ 1BL.1RS òèïó Êàâêàç ì³ñòÿòü áëîê ñå-
êàë³í³â, êîäîâàíèõ àëåëåì, ïîçíà÷åíèì Gli-R1lK 
(áëîê Gld 1B3). Ñîðòè Ñìóãëÿíêà ³ Êîëóìá³ÿ 
ç òðàíñëîêàö³ºþ 1AL.1RS òèïó Amigo ìàþòü 
áëîê ñåêàë³í³â, êîäîâàíèõ àëåëåì, ïîçíà÷åíèì 
Gli-R1wA (áëîê Gld 1A17). Áëîêè ñåêàë³í³â íà 
åëåêòðîôîðåãðàìàõ íàâåäåíî â ïîïåðåäí³é ïóá-

Òàáëèöÿ 1. Àëåë³ çà äîñë³äæóâàíèìè ìàðêåðíèìè ëî-
êóñàìè áàòüê³âñüêèõ ôîðì äëÿ ñòâîðåííÿ ã³áðèäíèõ 
ïîïóëÿö³é F5

Ëîêóñ Ñìóãëÿíêà Êîëóìá³ÿ Ì67 Á-16

Gli-A1/Gli-R1
Gli-B1/Gli-R1
Sec-N

wA

b
a

wA

b
a

f
lK

o

x
lK

o



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

Í.Î. Êîçóá, ².Î. Ñîç³íîâ, Ã.ß. Á³äíèê òà ³í.

ë³êàö³¿ (Kozub et al, 2018). Ðåøòó àëåë³â ïî-
çíà÷åíî çà Metakovsky et al (2018), Kozub et al 
(2009).

Ïîëîæåííÿ ïëå÷à 1RS – íà õðîìîñîì³ 1A 
÷è 1B, âèçíà÷àëè çà íàÿâí³ñòþ ïðîäóêò³â åêñ-
ïðåñ³¿ àëåë³â ëîêóñó Gli-A1 ÷è Gli-B1: ó ãë³à-
äèíîâîìó ñïåêòð³ íîñ³¿â òðàíñëîêàö³¿ 1AL.1RS 
ïðèñóòí³é áëîê îìåãà-ñåêàë³í³â, â³äñóòí³ ãë³à-
äèíîâ³ êîìïîíåíòè, êîäîâàí³ àëåëåì ëîêóñó 
Gli-A1, òà ïðèñóòí³ ãë³àäèíè, êîäîâàí³ Gli-B1; 
ó ãë³àäèíîâîìó ñïåêòð³ íîñ³¿â òðàíñëîêàö³¿ 
1BL.1RS ïðèñóòí³é áëîê îìåãà-ñåêàë³í³â, â³ä-
ñóòí³ ãë³àäèíîâ³ êîìïîíåíòè, êîäîâàí³ Gli-B1, 
òà ïðèñóòí³ ãë³àäèíè, êîäîâàí³ Gli-A1. Íàÿâ-
í³ñòü ïðîäóêò³â ðåêîìá³íàö³¿ ì³æ ïëå÷àìè 1RS 
âèçíà÷àëè çà çì³íîþ õðîìîñîìíîãî ïîëîæåí-
íÿ â³äïîâ³äíîãî àëåëÿ ëîêóñ³â Gli-R1 (Sec-1) òà 
Sec-N.

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Ñåðåä çåðí³âîê 
ïîïóëÿö³é íà îñíîâ³ åëåêòðîôîðåãðàì çàïàñ-
íèõ á³ëê³â ìîæíà ³äåíòèô³êóâàòè ãåíîòèïè
¹ 1–16 (òàáë. 2, 3). Çîêðåìà, âèÿâëåíî ãåíî-
òèïè ç ðåêîìá³íàíòíèì ïëå÷åì 1RS (ãåíîòèïè
¹ 1–6, 11, 12, 14–16). Ãë³àäèíîâ³ åëåêòðîôî-
ðåãðàìè ð³çíèõ ãåíîòèï³â çà GliA1/Gli-R1 òà 
Gli-B1/Gli-R1, ó òîìó ÷èñë³ ³ ðåêîìá³íàíòí³ âà-

ð³àíòè, ïîêàçàíî íà ðèñ. 1. Ñåðåä íîñ³¿â îäíî-
÷àñíî äâîõ òðàíñëîêàö³é ðåêîìá³íàíòíå ïëå-
÷å ìàþòü íîñ³¿ äâîõ îäíàêîâèõ àëåë³â ëîêóñó 
Gli-R1 (Sec-1). Ó âèïàäêó íàÿâíîñò³ äâîõ ð³çíèõ 
àëåë³â íà îñíîâ³ ëèøå öüîãî ìàðêåðà òàêîãî âè-
ñíîâêó çðîáèòè íå ìîæíà. Îêðåìèì âèïàäêîì 
º ãåíîòèï ¹ 16 (ðèñ. 1, äîð³æêà 13), ç îäíî-
÷àñíîþ åêñïðåñ³ºþ áëîê³â, êîäîâàíèõ àëåëÿ-
ìè Gli-B1b, Gli-R1wA òà Gli-R1lK. Öåé ãåíîòèï 
áóëî âèÿâëåíî ëèøå â ïîïóëÿö³¿ Ì67 × Êî-
ëóìá³ÿ. Ó ãë³àäèíîâîìó ñïåêòð³ öüîãî ãåíîòèïó 
â³äñóòí³ ãë³àäèíè, êîäîâàí³ Gli-A1, òîìó ìîæíà 
ãîâîðèòè ïðî íàÿâí³ñòü òðàíñëîêàö³¿ 1AL.1RS. 
²íøèé ñåêàë³íîâèé àëåëü, ìîæëèâî, êîäóºòü-
ñÿ ëîêóñîì íà ïëå÷³ 1RS, òðàíñëîêîâàíîìó íà 
³íøó õðîìîñîìó, â³äì³ííó â³ä 1B ³ 1D, îñê³ëüêè 
áëîêè ãë³àäèí³â, êîäîâàí³ Gli-B1 òà Gli-D1, ïðè-
ñóòí³ íà åëåêòðîôîðåãðàìàõ. Â³äíîñíî âèñîêà 
÷àñòîòà òàêîãî ãåíîòèïà ó ïîïóëÿö³¿ çåðí³âîê F5 
M67 × Êîëóìá³ÿ (7 %) (òàáë. 3, ðèñ. 2) ñâ³ä÷èòü 
ïðî éîãî äîñòàòíüî âèñîêó ïðèñòîñîâàí³ñòü, à, 
îòæå ³ ïðîäóêòèâí³ñòü. Äëÿ âèâ÷åííÿ ëîêàë³-
çàö³¿ 1RS òàêîãî ðåêîìá³íàíòà òðåáà ïðîâåñòè 
äîäàòêîâèé ãåíåòè÷íèé àíàë³ç. 

Äëÿ ïîøóêó ðåêîìá³íàíò³â çà á³ëüø äèñ-
òàëüíî ðîçì³ùåíèì ëîêóñîì Sec-N ïðîâîäè-

Òàáëèöÿ 2. Ê³ëüêîñò³ çåðåí F5 ç ð³çíèìè ãåíîòèïàìè çà òðüîìà ïðîëàì³íîâèìè ëîêóñàìè â äîñë³äæóâàíèõ 
ïîïóëÿö³ÿõ 

¹ ãåíîòèïà GliA1/Gli-R1
Gli-B1/
Gli-R1

Sec-N/–
Êîëóìá³ÿ ×

× M67
M67 × 

× Êîëóìá³ÿ
Ñìóãëÿíêà ×

× Á-16
Á-16 × 

× Ñìóãëÿíêà

1*
2*
3*
4*
5*
6*
7
8
9

11*
12*
13
14*
15*
16*

lK

lK

x
x
x
wA

wA

x
x
lK

lK

wA

wA

wA

wA ?+lK

b
b
wA

wA

lÊ

b
b
lK

b
lK

lK

lK

lK

wA

b

o
a
a
o
a
o
a
o
–
a
o
a
o
a
o

13
0
4
1
4
9
25
76
49
2
4
20
1
5
0

7
0
18
0
4
10
31
21
14
0
1
11
2
0
9

17
0
8
6
3
5
54
34
52
0
0
6
0
0
0

0
0
5
1
1
6

101
11
71
0
1
17
0
11
0

Ïðèì³òêè. * – ç ðåêîìá³íàíòíèì ïëå÷åì 1RS.
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²äåíòèô³êàö³ÿ ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS ó ã³áðèäíèõ ïîïóëÿö³ÿõ  

ëè SDS-åëåêòðîôîðåç çàãàëüíîãî á³ëêó öèõ æå 
çåðí³âîê òà â³äì³÷àëè ðåêîìá³íàíòí³ ãåíîòèïè 
ç ïîºäíàííÿìè Gli-R1lKSec-Na (åêñïðåñ³ÿ ñåêà-
ë³íà ‘a’) òà Gli-R1wASec-No (â³äñóòí³ñòü åêñïðåñ³¿ 
ñåêàë³íà ‘a’) ó ïîëîæåííÿõ 1À àáî 1Â. Ïðèêëàä 
SDS-åëåêòðîôîðåãðàìè ïîêàçàíî íà ðèñ. 3.

×àñòîòè ãåíîòèï³â çà ïðîëàì³íîâèìè ëîêó-
ñàìè Gli-A1/Gli-R1, Gli-B1/Gli-R1, Sec-N ó âè-
á³ðêàõ çåðí³âîê ïîïóëÿö³é F5 â³ä äîñë³äæåíèõ 
ñõðåùåíü íàâåäåíî â òàáë. 3. Ïðè ïðîàíàë³-
çîâàíîìó ðîçì³ð³ âèá³ðîê (äî 225 çåðåí) ó æîä-
í³é ïîïóëÿö³¿ íå âèÿâëåíî ðåêîìá³íàíòíîãî ãå-
íîòèïà ¹ 2, ùî ìàº òðàíñëîêàö³þ 1AL.1RS ç 
ñåêàë³íîâèìè àëåëÿìè Gli-R1lKSec-Na. Îäíàê, 
òàêèé ãåíîòèï áóëî âèÿâëåíî â ïîïåðåäí³õ äî-
ñë³äæåííÿõ ïðè àíàë³ç³ ïîïóëÿö³¿ Ð²Ë ïøåíèö³ 
ì`ÿêî¿ îçèìî¿ ïîêîë³ííÿ F6, ñòâîðåíî¿ â³ä ðå-
öèïðîêíîãî ñõðåùåííÿ ë³í³é ç ïøåíè÷íî-æèò-
í³ìè òðàíñëîêàö³ÿìè 1BL.1RS (òèïó Êàâêàç) ³ 
1ÀL.1RS (òèïó Amigo) Á-16 × 7086 AR, äå 7086 
AR – íîñ³é 1AL.1RS òðàíñëîêàö³¿ òèïó Amigo 
(Kozub et al, 2018). Ñåðåä 391 ãîìîçèãîòíî¿ 
çà ìàðêåðíèìè ëîêóñàìè Ð²Ë áóëî òðè ë³í³¿ ç 
òàêèì ãåíîòèïîì, òîáòî ÷àñòîòà òàêîãî ãåíîòè-
ïó ñòàíîâèëà 0,77 %. Íå âèêëþ÷åíî, ùî òàêèé 
ãåíîòèï ìîæíà çíàéòè ³ â ã³áðèäíèõ ïîïóëÿö³-

ÿõ F5 ïðè çá³ëüøåíí³ äîñë³äæóâàíî¿ âèá³ðêè äî 
450–500 îñîáèí.

Ðåøòà ðåêîìá³íàíòíèõ ãåíîòèï³â çóñòð³÷à-
ëèñü ó á³ëüøîñò³ äîñë³äæåíèõ ïîïóëÿö³é F5. 
Íàéìåíøó ñóìàðíó ÷àñòîòó ãåíîòèï³â ç îäíèì 
ðåêîìá³íàíòíèì ïëå÷åì 1RS (5,8 %) áóëî âèÿâ-
ëåíî ó ïîïóëÿö³¿ Á-16 × Ñìóãëÿíêà. Ó çâîðîòí³é 
ïîïóëÿö³¿ áóëî 21,2 % òàêèõ ãåíîòèï³â. Ó êîìá³-
íàö³¿ Êîëóìá³ÿ × M67 ñóìàðíà ÷àñòêà ãåíîòèï³â 
ç îäíèì ðåêîìá³íàíòíèì ïëå÷åì 1RS – 14,6 %. 
Íàéá³ëüøå òàêèõ ðåêîìá³íàíò³â áóëî â ïîïó-
ëÿö³¿ M67 × Êîëóìá³ÿ – 30,5 %. Öÿ êîìá³íàö³ÿ 
âèäàºòüñÿ íàéá³ëüø ïåðñïåêòèâíîþ ç òî÷êè ïî-
øóêó ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS â 
ïîïóëÿö³ÿõ, ñòâîðåíèõ ïåðåñ³âîì ñóìàðíî¿ âè-
á³ðêè çåðåí F2. 

Îäí³ºþ ç ïðè÷èí ïîøèðåíîñò³ ñîðò³â ç òðàí-
ñëîêàö³ºþ 1BL.1RS, âî÷åâèäü, º íàÿâí³ñòü íà 
ïëå÷³ 1RS ãåí³â ñò³éêîñò³ äî çáóäíèê³â õâîðîá 
ïøåíèö³. Ïëå÷å 1RS â³ä æèòà Petkus ó ñêëà-
ä³ 1BL.1RS íåñå ãåí ñò³éêîñò³ äî áîðîøíèñòî¿ 
ðîñè Pm8 òà ãåíè ñò³éêîñò³ äî çáóäíèê³â ³ðæàñ-
òèõ õâîðîá Sr31, Lr26 òà Yr9 (McIntosh, 2013) 
Ïëå÷å 1RS ó ñêëàä³ òðàíñëîêàö³¿ 1AL.1RS â³ä 
æèòà Insave ÿê ó ñîðòó Amigo ì³ñòèòü ãåí ñò³é-
êîñò³ äî á³îòèï³â ïîïåëèö³ Schizaphis graminum 

Òàáëèöÿ 3. ×àñòîòè ð³çíèõ ãåíîòèï³â çà òðüîìà ïðîëàì³íîâèìè ëîêóñàìè
â äîñë³äæóâàíèõ ïîïóëÿö³ÿõ F5 òà â ïîïóëÿö³¿ Ð²Ë F6 (Kozub et al, 2018)

¹ 
ãåíîòèïà

GliA1/Gli-R1 Gli-B1/Gli-R1 Sec-N/–
Êîëóìá³ÿ ×

× M67
M67 × 

× Êîëóìá³ÿ
Ñìóãëÿíêà ×

× Á-16
Á-16 × 

× Ñìóãëÿíêà
Ð²Ë

1*
2*
3*
4*
5*
6*
7
8
9

11*
12*
13
14*
15*
16*

lK

lK

x
x
x
wA

wA

x
x
lK

lK

wA

wA

wA

wA ?+lK

b
b
wA

wA

lÊ

b
b
lK

b
lK

lK

lK

lK

wA

b

o
a
a
o
a
o
a
o
–
a
o
a
o
a
o

6,10
0,00
1,88
0,47
1,88
4,23
11,74
35,68
23,00
0,94
1,88
9,39
0,47
2,35
0,00

5,47
0,00
14,06
0,00
3,13
7,81
24,22
16,41
10,94
0,00
0,78
8,59
1,56
0,00
7,03

9,24
0,00
4,35
3,26
1,63
2,72
29,35
18,48
28,26
0,00
0,00
3,26
0,00
0,00
0,00

0,00
0,00
2,22
0,44
0,44
2,67
44,89
4,89
31,56
0,00
0,44
7,56
0,00
4,89
0,00

6,89
0,77
3,83
0,26
3,57
3,32
27,55
20,92
27,81
Í1
Í
Í
Í
Í
Í

Ïðèì³òêà. * – ç ðåêîìá³íàíòíèì ïëå÷åì 1RS; 1Í – äàí³ íå íàâåäåíî.
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Í.Î. Êîçóá, ².Î. Ñîç³íîâ, Ã.ß. Á³äíèê òà ³í.

(Rondani) B òà C Gb2, ãåí ñò³éêîñò³ äî êë³ùà 
Aceria tosicheilla (Keifer) Cm3, òà ãåíè Pm17 ³  
Sr1RSAmigo (McIntosh, 2013). Íå äèâëÿ÷èñü íà ïî-
ÿâó ðàñ ñòåáëîâî¿ ³ðæ³, ùî äîëàþòü ãåí ñò³éêîñò³ 
Sr31 (Pretorius, 2000; Singh et al, 2015; Olivera et 
al, 2022), â³í çàëèøàºòüñÿ âàæëèâèì, îñê³ëüêè 

º åôåêòèâíèì ïðîòè íîâèõ âèñîêîïàòîãåííèõ 
ðàñ, òàêèõ ÿê ðàñà TTRTF (Olivera et al, 2019) 
òà ðàñè, âèÿâëåí³ â îñòàíí³ ðîêè â Í³ìå÷÷èí³ 
(Olivera Firpo et al, 2017). TTRTF – ðàñà ñòåáëî-
âî¿ ³ðæ³, âïåðøå âèÿâëåíà â 2014 ð ó Ãðóç³¿, ÿêà 
ìàº øèðîêèé ñïåêòð â³ðóëåíòíîñò³, ó òîìó ÷èñë³ 

Ðèñ. 1. Åëåêòðîôîðåãðàìà ñïèðòîðîç÷èííèõ á³ëê³â îêðåìèõ çåðí³âîê F5 äîñë³äæóâàíèõ ïîïóëÿö³é: 1, 4 – 
ãåíîòèï ç äâîìà òðàíñëîêàö³ÿìè ç àëåëåì Gli-R1wA; 2, 6, 8 – ç òðàíñëîêàö³ºþ 1AL.1RS ç àëåëåì Gli-R1wA; 3, 
14 – ç äâîìà òðàíñëîêàö³ÿìè ç àëåëåì Gli-R1wA òà Gli-R1lK; 5 – ç òðàíñëîêàö³ºþ 1BL.1RS ç àëåëåì Gli-R1wA; 
7, 10 – ç òðàíñëîêàö³ºþ 1AL.1RS ç àëåëåì Gli-R1lK; 9, 12 – ç òðàíñëîêàö³ºþ 1BL.1RS ç àëåëåì Gli-R1lK; 
11 – ç äâîìà òðàíñëîêàö³ÿìè ç àëåëåì Gli-R1lK; 13 – ç îäíî÷àñíîþ åêñïðåñ³ºþ áëîê³â, êîäîâàíèõ àëåëÿìè 
Gli-B1b, Gli-R1wA òà Gli-R1lK. Ãåíîòèïè ç ðåêîìá³íàíòíèìè 1RS, ³äåíòèô³êîâàíèìè íà îñíîâ³ åëåêòðîôî-
ðåçó â êèñëîìó ñåðåäîâèù³: äîð³æêè 1, 4, 5, 7, 10, 11, 13, 14. Äóæêàìè ïîêàçàíî çîíó ç îìåãà-ñåêàë³íàìè, 
êîäîâàíèìè Gli-R1

Ðèñ. 2. Åëåêòðîôîðåãðàìà ñïèðòîðîç÷èííèõ á³ëê³â îêðåìèõ çåðí³âîê F5 ïîïóëÿö³¿ M67 × Êîëóìá³ÿ. Ñòð³ëêîþ 
â³äì³÷åíî ðåêîìá³íàíòí³ ãåíîòèïè ¹ 16



57ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

²äåíòèô³êàö³ÿ ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS ó ã³áðèäíèõ ïîïóëÿö³ÿõ 

³ äî òàêèõ âàæëèâèõ ãåí³â ñò³éêîñò³ äî Ug99, 
ÿê Sr13b, Sr35 òà Sr37, òà ïîì³ðíó â³ðóëåíòí³ñòü 
íàâ³òü äî Sr50 (Olivera et al, 2019). Öÿ ðàñà (òîä³ 
¿¿ íàçèâàëè TTTTF) âèêëèêàëà åï³ô³òîò³þ ñòå-
áëîâî¿ ³ðæ³ â Ñèöèë³¿ â 2016 ð. (Bhattacharya, 
2017); TTRTF òàêîæ áóëî âèÿâëåíî â Åðèòðå¿ 
â 2016 ð., â Åô³îï³¿ â 2017 ð. òà íà ï³âäí³ ²ðàíó 
â 2019 ð. (Patpour et al, 2020). Ãåí Sr1RSAmigo º 
òàêîæ âàæëèâèì, îñê³ëüêè â³í º åôåêòèâíèì 
ïðîòè âñ³õ â³äîìèõ á³îòèï³â ðàñè ñòåáëîâî¿ ³ðæ³ 
Ug99 (Singh et al, 2015), õî÷à ³ äîëàºòüñÿ äåÿêè-
ìè ³íøèìè ðàñàìè (Mago et al, 2015). Ãåí Pm8 
áóëî ïðîêàðòîâàíî äèñòàëüíî â³ä Sec-1 íà â³ä-
ñòàí³ 13,2 ñÌ, à ãåíè Sr31, Lr26 òà Yr9 – òàêîæ 
äèñòàëüíî íà â³äñòàí³ 6,6 ñÌ â³ä Sec-1 (Sharma 
et al, 2009). Çã³äíî ç êàðòîþ, íàâåäåíîþ â ñòàòò³ 
Liu et al (2014), ãåí Cmc3 çíàõîäèòüñÿ íà â³äñòà-
í³ 7 ñÌ äèñòàëüíî â³ä Sec-1, à ãåí Gb2 – íà â³ä-
ñòàí³ 4 ñÌ ïðîêñèìàëüíî â³ä Sec-1. Îòðèìàííÿ 
ãåíîòèï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS ìîæå 
äàòè íîâ³ ïîºäíàííÿ ãåí³â ñò³éêîñò³, çîêðåìà 
ïîºäíàííÿ ãåí³â Sr31 òà Sr1RSAmigo ó âèïàäêó ¿õ 
íåàëåëüíîñò³. Ðîçì³ùåííÿ ãåí³â ñò³éêîñò³ ïðîòè 
çáóäíèê³â õâîðîá ³ øê³äíèê³â â³äíîñíî ñåêàë³-
íîâèõ ëîêóñ³â íà 1RS íà îñíîâ³ äàíèõ Singh et al 
(1990; 2018), Hsam et al (2000), Mago et al (2002; 
2005), Mater et al (2004), Sharma et al. (2009), à 
òàêîæ ëîêóñ³â Sec-1 òà Sec-N (Kozub et al, 2014; 
2018), ñõåìàòè÷íî ïîêàçàíî íà ðèñ. 4. Àíàë³ç 
öüîãî ðîçì³ùåííÿ âêàçóº íà òå, ùî íîâ³ êîìá³-
íàö³¿ ãåí³â ñò³éêîñò³ ïðîòè õâîðîá ³ øê³äíèê³â 
ìîæíà, â ïåðøó ÷åðãó, î÷³êóâàòè ó ãåíîòèï³â, 
ÿê³ ìàþòü ðåêîìá³íàíòí³ ãåíîòèïè çà ëîêóñàìè 
Gli-R1 i Sec-N: Gli-R1lK Sec-Na òà Gli-R1wA

 Sec-

No. Òîìó ç òî÷êè çîðó ïîøóêó íîâèõ êîìá³íàö³é 
ãåí³â ñò³éêîñò³ ïðîòè çáóäíèê³â õâîðîá ³ øê³äíè-
ê³â íà 1RS íàéá³ëüø ïåðñïåêòèâíèìè º ãåíîòèïè 
¹ 2, 4, 5, 6 (òàáë. 3).

Ïîð³âíÿííÿ ÷àñòîò çóñòð³÷àííÿ ãåíîòèï³â ç 
ðåêîìá³íàíòíèì ïëå÷åì 1RS ó äîñë³äæåíèõ ïî-
ïóëÿö³ÿõ F5 òà ñåðåä ïîïóëÿö³¿ Ð²Ë F6 (Kozub et 
al, 2018) ïîêàçóº áëèçüê³ ÷àñòîòè ð³çíèõ ãåíîòè-
ï³â ç ðåêîìá³íàíòíèì ïëå÷åì 1RS (òàáë. 3). Îä-

Ðèñ. 3. SDS-åëåêòðîôîðåãðàìà â³äíîâëåíèõ á³ëê³â 
îêðåìèõ çåðí³âîê F5 äîñë³äæóâàíèõ ïîïóëÿö³é: 1,
2 – ãåíîòèïè ç àëåëåì Sec-Na; 3, 4 – ãåíîòèïè ç 
àëåëåì Sec-No. Ñòð³ëêîþ â³äì³÷åíî ñåêàë³í, êîäî-
âàíèé Sec-Na

Ðèñ. 4. Ñõåìà ðîçì³ùåííÿ ñåêàë³íîâèõ ëîêóñ³â ³ ãåí³â ñò³éêîñò³ ïðîòè õâîðîá ³ øê³äíèê³â íà ïëå÷³ 1RS. Ïî-
êàçàíî â³äñòàí³ â³ä ëîêóñó Sec-1. ×îðíèì îâàëîì ïîçíà÷åíî öåíòðîìåðó; lK òà wA

 – àëåë³ Sec-1; a òà o – àëåë³ 
Sec-N
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íàê, òðåáà âðàõîâóâàòè, ùî ïðè ñòâîðåíí³ Ð²Ë 
çíà÷íîþ ì³ðîþ âèêëþ÷àºòüñÿ òàêèé ôàêòîð ÿê 
ïðèðîäí³é äîá³ð ó éîãî êëàñè÷íîìó âèçíà÷åíí³, 
ïîçàÿê äëÿ ïåðåñ³âó áåðåòüñÿ çåðíî ç êîæíî¿ 
ðîñëèíè, íåçàëåæíî â³ä ð³âíÿ ïðîäóêòèâíîñò³ 
(ê³ëüêîñò³ íàùàäê³â). Ïðè ïåðåñ³â³ ñóìàðíî¿ 
âèá³ðêè ã³áðèäíèõ çåðåí ôàêòîð ïðèðîäíüîãî 
äîáîðó ìàº ³ñòîòíèé âïëèâ íà ãåíåòè÷íó ñòðóê-
òóðó ïîïóëÿö³¿, îñê³ëüêè ãåíîòèïè ç á³ëüøîþ 
ïðîäóêòèâí³ñòþ ðîáëÿòü á³ëüøèé âíåñîê â íà-
ñòóïíå ïîêîë³ííÿ ³, â³äïîâ³äíî, ÷àñòêà òàêèõ 
ãåíîòèï³â çá³ëüøóºòüñÿ. Êð³ì òîãî, âèõîäÿ÷è ç 
ëîã³êè ñòâîðåííÿ Ð²Ë, ð³çíîìàí³òí³ñòü íîñ³¿â 
ïåâíîãî ïîºäíàííÿ ìàðêåð³â âèçíà÷àºòüñÿ ê³ëü-
ê³ñòþ â³ä³áðàíèõ ë³í³é. Âîäíî÷àñ, ñåðåä ïîïó-
ëÿö³é, ùî ïåðåñ³âàþòüñÿ ñóö³ëüíîþ âèá³ðêîþ, 
ð³çíîìàí³òí³ñòü âñåðåäèí³ òàêèõ ãåíîòèï³â çà 
ìàðêåðíèìè ëîêóñàìè ìîæå áóòè îáìåæåíîþ, 
³ ÷àñòîòà çóñòð³÷àííÿ òàêîãî ãåíîòèïà ìîæå âè-
çíà÷àòèñü ïðèñòîñîâàí³ñòþ îêðåìèõ (ïîîäèíî-
êèõ) ë³í³é. Âîäíî÷àñ, ñóö³ëüíèé ïåðåñ³â çà óìîâ 
âèñîêî¿ êîíêóðåíö³¿ ðîñëèí ìîæå äàòè ìîæ-
ëèâ³ñòü âèä³ëèòè íàéá³ëüø àäàïòîâàí³ (ïðî-
äóêòèâí³) âàð³àíòè ãåíîòèï³â ç ðåêîìá³íàíòíè-
ìè 1RS. 

Âèñíîâêè. Çà äîïîìîãîþ ³äåíòèô³êàö³¿ àëå-
ë³â ëîêóñ³â Gli-A1/Gli-R1, Gli-B1/Gli-R1, Sec-N 
ó âèá³ðêàõ çåðí³âîê F5 ïîïóëÿö³é â³ä ñõðåùåííÿ 
ãåíîòèï³â ç äâîìà ð³çíèìè ïøåíè÷íî-æèòí³ìè 
òðàíñëîêàö³ÿìè âèÿâëåíî ãåíîòèïè ç ðåêîìá³-
íàíòíèì ïëå÷åì 1RS. Ñåðåä øåñòè òåîðåòè÷íî 
ìîæëèâèõ âàð³àíò³â ðåêîìá³íàíòíèõ ãåíîòè-
ï³â çà öèìè ëîêóñàìè âèÿâëåíî ï’ÿòü. ×àñòîòà 
ãåíîòèï³â ç îäíèì ³äåíòèô³êîâàíèì ðåêîìá³-
íàíòíèì ïëå÷åì 1RS â ïîïóëÿö³ÿõ F5 ñêëàäàëà 
â³ä 5,7 äî 30,5 %. Íàéá³ëüøó ÷àñòîòó ãåíîòèï³â 
ç ðåêîìá³íàíòíèìè 1RS âèÿâëåíî â ïîïóëÿö³¿ 
Ì67 × Êîëóìá³ÿ. ×àñòîòà ðåêîìá³íàíòíèõ ãåíî-
òèï³â ó ã³áðèäíèõ ïîïóëÿö³ÿõ F5 º áëèçüêîþ äî  
÷àñòîòè ó ðàí³øå äîñë³äæåí³é ïîïóëÿö³¿ Ð²Ë F6.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü çà ó÷àñòþ ëþäåé 
³ òâàðèí â ÿêîñò³ îá’ºêò³â äîñë³äæåííÿ. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ ïðîâîäèëèñü çà ðà-
õóíîê êîøò³â íàóêîâîãî ïðîºêòó ÍÀÀÍ «Ìàð-
êåðíèé â³äá³ð íîñ³¿â ðåêîìá³íàíòíîãî ïëå÷à 

1RS ç ãåíàìè ñò³éêîñò³ äî õâîðîá ³ øê³äíèê³â 
ïøåíèö³ ì’ÿêî¿» (0120U000127).

IDENTIFICATION OF GENOTYPES
WITH RECOMBINANT ARM 1RS
IN BREAD WHEAT SEGREGATING F5 
POPULATIONS FROM CROSSES BETWEEN 
CARRIERS OF 1BL.1RS AND 1AL.1RS

N.O. Kozub 1, 2, I.O. Sozinov 1, H.Ya. Bidnyk 1, 2,
N.O. Demianova 1, 2, O.I. Sozinova 1, 2,
A.V. Karelov 1, 2, O.I. Borzykh 1, Ya. Blume 2

1 Institute of Plant Protection
of the National Academy of Agrarian
Sciences of Ukraine, 03022, 33, Vasylkivska St., Kyiv

2 Institute of Food Biotechnology and Genomics 
of the National Academy of Sciences of Ukraine,
04123, 2 a, Osypovskogo St., Kyiv 

E-mail: natalkozub@gmail.com

Wheat-rye translocations involving arm 1RS are wide-
spread introgressions among commercial bread wheat
cultivars: 1BL.1RS from the rye Petkus (as in the 
cultivar Kavkaz) and 1AL.1RS from the rye Insave 
(as in Amigo). Genotypes with recombinant arm 1RS
involved in the translocation can carry new combinations 
of resistance genes in the chromosome region flanked 
by the loci Sec-1 (Gli-R1) and Sec-N, which is located 
distal to Sec-1 at a distance of 10–20 cM. The aim 
of this investigation was to study the frequency of 
genotypes with recombinant 1RS arms involved in 
wheat-rye translocations in segregating F5 populations 
from crossing bread wheat carriers of translocations 
1BL.1RS and 1AL.1RS. Samples of F5 seeds from the 
crosses Myronivska 67 (M67) × Kolumbiia, Kolumbiia ×
× M67, B-16 × Smuhlianka, and Smuhlyanka × B-16 
served as the material for the investigation. The cultivar 
M67 and the line B-16 carry 1BL.1RS as in the cultivar 
Kavkaz; Smuhlianka and Kolumbiia carry 1AL.1RS 
as in the cultivar Amigo. Electrophoresis of alcohol-
soluble grain proteins and identification of alleles at 
the Gli-A1/Gli-R1, Gli-B1/Gli-R1 loci were used to 
identify translocations involving 1RS and their position 
(on 1AL or 1BL). Sec-N alleles were identified by SDS 
electrophoresis. The presence of recombination products 
between the 1RS arms was determined based on the 
change of the chromosomal position of the respective 
allele at Gli-R1 (Sec-1) and Sec-N. In the segregating 
populations, there were five of six theoretically possible 
variants of genotypes with recombinant arm 1RS 
with respect to the secalin loci. The total frequency 
of genotypes with the simultaneous presence of two 
translocations ranged from 3.3 to 18.0 %, and the total 
frequency of genotypes with one identified recombinant 
arm 1RS was 5.7–30.5 %. The highest frequency of 
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genotypes with recombinant arm 1RS was found in the 
population M67 × Kolumbiia.
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