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ÅÔÅÊÒÈÂÍ²ÑÒÜ Ð²ÇÍÈÕ ÃÅÍ²Â ÑÒ²ÉÊÎÑÒ² ÄÎ ÁÓÐÎ¯ ²ÐÆ² ÒÀ ¯ÕÍ²Õ 
ÊÎÌÁ²ÍÀÖ²É Ó Ì²ÆË²Í²ÉÍÈÕ Ã²ÁÐÈÄ²Â ÏØÅÍÈÖ² ßÐÎ¯ (TRITICUM 
AESTIVUM L.) Â ÓÌÎÂÀÕ Ï²ÂÄÍß ÓÊÐÀ¯ÍÈ 

Åôåêòèâí³ñòü ãåí³â ñò³éêîñò³ ïøåíèö³ äî áóðî¿ ³ðæ³ âèâ÷àëè â óìîâàõ 
Ï³âäíÿ Óêðà¿íè ç âèêîðèñòàííÿì ñîðòó Thatcher (Òñ) ³ éîãî 13 ìàé-
æå ³çîãåííèõ ë³í³é: TcLr9, TcLr10, TcLr14à, TcLr19, TcLr20, TcLr21, 
TcLr22a, TcLr24, TcLr26, TcLr28, TcLr34, TcLr36, TcLr37 ó ïåð³îä ç 
2013 ïî 2016 ðð. Ãåíè Lr9, Lr19, Lr24 áóëè åôåêòèâíèìè, Lr20, Lr21, 
Lr26, Lr28, Lr36, Lr37 — ñåðåäíüîåôåêòèâíèìè, Lr10, Lr14à, Lr22à, 
Lr22b — íååôåêòèâíèìè. Ãåí Lr34 º òåìïåðàòóðîçàëåæíèì ³ åôåê-
òèâíèì ëèøå ïðè ñåðåäíüîäîáîâ³é òåìïåðàòóð³ ïîâ³òðÿ íå âèùå 
20 °Ñ. Ãîëîâí³ Lr ãåíè â ð³çíèõ êîìá³íàö³ÿõ ìîæóòü ÿê ïîñèëþâàòè, 
òàê ³ ïðèãí³÷óâàòè ñò³éê³ñòü. Çàñòîñóâàííÿì ìîëåêóëÿðíèõ ìàðêåð³â 
â³ä³áðàíî 29 ãîìîçèãîòíèõ ³çîãåííèõ ë³í³é ç ð³çíèìè êîìá³íàö³ÿìè 
äâîõ ãåí³â ñò³éêîñò³ äî áóðî¿ ³ðæ³. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ ÿðà, ³çîãåíí³ ë³í³¿, áóðà ³ðæà, Lr ãåíè, ìîëå-
êóëÿðí³ ìàðêåðè. 

Âñòóï. Áóðà ³ðæà º îäíèì ç øê³äëèâèõ ³ ïîøèðåíèõ çàõâîðþâàíü 
ïøåíèö³ ì’ÿêî¿ ó ñâ³ò³. Çàâäÿêè îäíî÷àñí³é åâîëþö³¿ ðîñëèíè-ãîñïîäà-
ðÿ òà ïàòîãåíà, à òàêîæ ÷åðåç ìîæëèâå çàíåñåííÿ ³íôåêö³¿ ç ñóì³æíèõ 
ðåã³îí³â ç’ÿâëÿþòüñÿ íîâ³ ðàñè ³ á³îòèïè ãðèáà, êîòð³ äîëàþòü ñò³éê³ñòü 
ïøåíèö³ äî äàíîãî çàõâîðþâàííÿ [1]. Çâóæåííÿ ð³çíîìàí³òíîñò³ ñó÷àñ-
íèõ ñîðò³â çà ãåíàìè ñò³éêîñò³ ñòâîðþº ñïðèÿòëèâ³ óìîâè äëÿ âèíèêíåí-
íÿ åï³ô³òîò³é. Ó çâ’ÿçêó ç öèì âèíèêàº íåîáõ³äí³ñòü ó ïîñò³éíîìó ïîøóêó 
âñå íîâèõ ³ íîâèõ âèñîêîåôåêòèâíèõ ãåí³â ó ãåíîôîíä³ äèêèõ ñï³âðîäè-
÷³â. Ñòâîðåííÿ ñîðò³â ïøåíèö³ ç åôåêòèâíèìè ãåíàìè ÷óæîð³äíîãî ïî-
õîäæåííÿ ó ãåíîì³ — âèñîêîçàòðàòíèé ³ òðèâàëèé ïðîöåñ, ÿêèé ìîæíà 
çíà÷íî ïðèñêîðèòè çàñòîñóâàííÿì ìîëåêóëÿðíèõ ìàðêåð³â. Îäíàê ìàð-
êåðè äî íîâèõ ãåí³â, ùî âèçíà÷àþòü âèñîêó ñò³éê³ñòü, â³äñóòí³, ³ ÷àñòî 
íåâ³äîìî, ÿê³ ñàìå ãåíè àáî ¿õ êîìá³íàö³¿ çàáåçïå÷óþòü ñò³éê³ñòü. Òîìó 
ïàðàëåëüíî ç³ ñòâîðåííÿì âèõ³äíîãî ìàòåð³àëó äëÿ ñåëåêö³¿ òðèâàº ÷è-
ìàëà ðîáîòà ç ïîøóêó ìàðêåð³â, ç÷åïëåíèõ ç âàæëèâèìè ãåíàìè, ùî íå 
ñïðèÿº ïðèñêîðåííþ äîáîðó ïîòð³áíèõ ãåíîòèï³â. Òàêîæ äîâîë³ ð³äêî 
âäàºòüñÿ âèêîðèñòàòè íîâ³ ãåíè â³ä äèêèõ âèä³â ç êîìåðö³éíîþ ìåòîþ 
÷åðåç òå, ùî ³íòðîãðåñèâí³ ä³ëÿíêè õðîìîñîì, êð³ì êîðèñíèõ ãåí³â, ÷àñòî 
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ì³ñòÿòü ãåíåòè÷íèé ìàòåð³àë, ÿêèé ìîæå íåãàòèâíî âïëèâàòè íà ïðîÿâ 
àãðîíîì³÷íî ö³ííèõ îçíàê. 

Øëÿõàìè âèð³øåííÿ äàíî¿ ïðîáëåìè º ï³ðàì³äóâàííÿ («óêëàäàííÿ ãå-
í³â»): â³äîìèõ åôåêòèâíèõ ãîëîâíèõ ãåí³â, ïîäîëàíèõ ãîëîâíèõ ãåí³â òà 
åôåêòèâíèõ ç ïîäîëàíèìè ãåíàìè. Ïðè îá’ºäíàíí³ â îäíîìó ãåíîòèï³ ïî-
äîëàíèõ ãîëîâíèõ ãåí³â ïðèéíÿòíèé ð³âåíü ñò³éêîñò³ äîñÿãàºòüñÿ çà ðàõó-
íîê çàëèøêîâèõ åôåêò³â íà ñò³éê³ñòü, ÿê³ ïðîÿâëÿþòüñÿ êîæíèì ïîäîëà-
íèì ãåíîì ³ ¿õíüîþ àäèòèâíîþ ä³ºþ [2]. Âèêîðèñòàííÿ â³äîìèõ ãîëîâíèõ 
ãåí³â ñò³éêîñò³, äî ÿêèõ ðîçðîáëåí³ ìîëåêóëÿðí³ ìàðêåðè, ïîëåãøóº ¿õíº 
êîìá³íóâàííÿ â îäíîìó ãåíîòèï³. 

Íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü ðîá³ò ç âèâ÷åííÿ ãåíåòè÷íèõ òà ìî-
ëåêóëÿðíî-ãåíåòè÷íèõ àñïåêò³â ñò³éêîñò³ äî áóðî¿ ëèñòêîâî¿ ³ðæ³, äîñèòü 
ìàëî äîñë³äæåíü ñòîñîâíî ïðîÿâó ñò³éêîñò³ ïðè âçàºìîä³¿ ð³çíèõ Lr ãå-
í³â [3–5]. Íà ñüîãîäí³ º ³íôîðìàö³ÿ ïðî 87 ãåí³â ñò³éêîñò³ òà ¿õí³õ àëåëåé 
[6]. Çà äàíèìè Ë. Áàáàÿíö òà ³íø. [7; 8], â Óêðà¿í³ åôåêòèâíèìè ãåíàìè º 
Lr9, Lr19, Lr24, Lr25, Lr29, Lr37, Lr39, Lr42, Lr47, Lr1AL/1RS, LrAc1, LrAc2, 
LrTe1, LrTe2, LrAd1, LrAd2. ²íø³ ãåíè çàáåçïå÷óþòü ïîì³ðíó ñò³éê³ñòü àáî 
âòðàòèëè ¿¿. 

Ñò³éê³ñòü ³ñíóþ÷èõ ñîðò³â ïøåíèö³ äî áóðî¿ ³ðæ³ — ðåçóëüòàò âçàºìîä³¿ 
áàãàòüîõ Lr ãåí³â ì³æ ñîáîþ ÿê åôåêòèâíèõ, òàê ³ ïîäîëàíèõ. Ïðèïóñòèëè, 
ùî ó êîìá³íàö³ÿõ åôåêòèâíèõ ãåí³â ì³æ ñîáîþ ìîæëèâå çìåíøåííÿ ð³âíÿ 
ñò³éêîñò³; ó êîìá³íàö³ÿõ ïîäîëàíèõ ãåí³â — ïîñèëåííÿ ð³âíÿ ñò³éêîñò³, à 
ïîºäíàííÿ åôåêòèâíèõ ç ïîäîëàíèìè ãåíàìè ìîæå ïðèçâåñòè ÿê äî ïî-
ñèëåííÿ, òàê ³ äî çíèæåííÿ ñò³éêîñò³ ðîñëèíè. Ùîá óíèêíóòè åôåêò³â ïðî-
ÿâó ³íøèõ Lr ãåí³â, ÿê³ íàÿâí³ â ãåíåòè÷íîìó ôîí³ ³ñíóþ÷èõ ñîðò³â ïøåíèö³, 
ó äîñë³äæåíí³ âèêîðèñòîâóâàëè ìàéæå ³çîãåíí³ ë³í³¿ ñîðòó Òåò÷åð ç â³ä-
ïîâ³äíèìè ãåíàìè ñò³éêîñò³ äî áóðî¿ ³ðæ³ äëÿ îòðèìàííÿ ¿õí³õ ì³æë³í³éíèõ 
ã³áðèä³â F

1–2
. 

Ìåòîþ äàíîãî äîñë³äæåííÿ º âèâ÷åííÿ åôåêò³â ãîëîâíèõ Lr ãåí³â òà 
îñîáëèâîñòåé ¿õíüî¿ âçàºìîä³¿ ó ì³æë³í³éíèõ ã³áðèä³â F

1–2 
ïøåíèö³ ÿðî¿ â 

óìîâàõ Ï³âäíÿ Óêðà¿íè. 
Ìàòåð³àëè ³ ìåòîäè. Îá’ºêòàìè äîñë³äæåíü ñëóãóâàëè çðàçêè ïøå-

íèö³ ÿðî¿ Triticum aestivum L., ñîðò Thatcher (Òñ) ç ãåíîì ñò³éêîñò³ Lr22b, 
ìàéæå ³çîãåíí³ ë³í³¿ ñîðòó Thatcher TcLr9, TcLr10, TcLr14à, TcLr19, TcLr20, 
TcLr21, TcLr22a, TcLr24, TcLr26, TcLr28, TcLr34, TcLr36, TcLr37 (òàáë. 1) òà 
29 ã³áðèäíèõ êîìá³íàö³é F

1–2
 â³ä ñõðåùóâàííÿ ³çîãåííèõ ë³í³é. Ñîðò Òåò÷åð 

òà ³çîãåíí³ ë³í³¿ íàäàí³ USDA, Germplasm Resources Information Network 
(http://www.ars-grin.gov). 

ÄÍÊ âèä³ëÿëè ç 5-äåííèõ ïàðîñòê³â, çåëåíîãî ëèñòÿ àáî ñóõîãî 
çåðíà ç çàñòîñóâàííÿì ÑÒÀÂ-áóôåðà [9]. Ïðèñóòí³ñòü Lr ãåí³â ó áàòü-
ê³âñüêèõ ë³í³ÿõ TcLr òà ã³áðèäàõ F

1–2
 êîíòðîëþâàëè çà ìîëåêóëÿðíî-ãå-

íåòè÷íèìè ìàðêåðàìè (òàáë. 2). Óìîâè ÏËÐ-àíàë³çó ç ìîëåêóëÿðíè-
ìè ìàðêåðàìè äî Lr ãåí³â íàâåäåíî â ðîáîòàõ Î. Â. Ãàëàºâà òà ³íø. 
[10; 11]. 
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Òàáëèöÿ 1 

Ðîñëèííèé ìàòåð³àë äîñë³äæåííÿ 

Ãåí Êîä Pîäîâ³ä
Ëîêàë³çàö³ÿ 

â ãåíîì³ T. aestivum L.
Lr9 GSTR 409 Thatcher*6/Aegilops umbellulata T6BS. 6BL-6U#1L 
Lr10 GSTR 410 Thatcher*6/Lee 1AS 
Lr14a GSTR 414 Thatcher*6/Hope 7BL 

Lr19 GSTR 420 Thatcher*6/Agropyron elongatum 
7DL = T7DS-7DL-7Ae#1L 
7AL = T7AS-7AL-7Ae#1L 

Lr20 GSTR 421 Thatcher*6/Thew 7AL 
Lr21 GSTR 422 Thatcher*6/Aegilops tauschii 1DS
Lr22a GSTR 423 Thatcher*6/Aegilops tauschii 2DS 
Lr24 GSTR 425 Thatcher*6/Agropyron elongatum 3DS-3DL-3Ae#lL
Lr26 GSTR 427 Thatcher*6/Imperial (rye) T1BL. 1RS 
Lr28 GSTR 428 Thatcher*6/Aegilops speltoides 4AL = T4AS. 4AL-7S#2S 
Lr34 GSTR 433 Thatcher*6/Terenzio 7DS 
Lr36 GSTR 435 Neepawa*5/ Aegilops speltoides 6BS 
Lr37 GSTR 436 Thatcher*6/Aegilops ventricosa 2NS-2AS
Lr22b GSTR 10202 Thatcher 2DS

Ðîçâèòîê áóðî¿ ³ðæ³ ïøåíèö³ â ïîëüîâèõ óìîâàõ âèâ÷àëè íà äîðîñëèõ 
ðîñëèíàõ ó ïðèðîäíîìó ³íôåêö³éíîìó ôîí³ íà Ï³âäí³ Óêðà¿íè (ì. Îäå-
ñà, ïîëÿ ÑÃ²–ÍÖÍÑ) ó 2013, 2014, 2015 òà 2016 ðð. (³çîãåíí³ ë³í³¿ òà ñîðò 
Òåò÷åð), ó 2014 ð. (ã³áðèäè F

1
), ó 2015 ð. (ã³áðèäí³ ïîïóëÿö³¿ F

2
), ó 2016 ð. 

(ðîäèíè F
3
). Ðîçâèòîê õâîðîáè âèâ÷àëè ç ÷àñó ïîÿâè ïóñòóë (òðàâåíü) äî 

â³äìèðàííÿ ëèñòÿ (ëèïåíü). Âïëèâ òåìïåðàòóðè íà ä³þ ãåí³â ñò³éêîñò³ äî-
ñë³äæóâàëè â 2014 ³ 2015 ðð. Îáë³êè ïðîâîäèëè â äèíàì³ö³ ç ³íòåðâàëîì 
7 ä³á. Äëÿ êîæíîãî âàð³àíòà äîñë³äó îö³íþâàëè ñòóï³íü óðàæåííÿ 10 ðîñ-
ëèí. Äëÿ ïîáóäîâè êðèâèõ ç ðîçâèòêó õâîðîáè âèêîðèñòîâóâàëè ñåðåäí³ 
çíà÷åííÿ çà âàð³àíòàìè. ²íòåíñèâí³ñòü óðàæåííÿ âèçíà÷àëè çà ³íòåãðî-
âàíîþ 9-áàëüíîþ øêàëîþ îö³íîê ñò³éêîñò³ çåðíîâèõ êîëîñîâèõ êóëüòóð 
çáóäíèêàìè ³ðæ³: 1 — äóæå âèñîêà ÷óòëèâ³ñòü; 2 — âèñîêà ÷óòëèâ³ñòü; 
3–4 — ÷óòëèâ³ñòü; 5 — ïîì³ðíà ÷óòëèâ³ñòü; 6 — ïîì³ðíà ñò³éê³ñòü; 7 — ñò³é-
ê³ñòü; 8 — âèñîêà ñò³éê³ñòü; 9 — äóæå âèñîêà ñò³éê³ñòü [8]. Êîíòðîëåì ÷óò-
ëèâîñò³ áóâ ñîðò Thatcher. 

Ðåçóëüòàòè äîñë³äæåíü. Ïðèñóòí³ñòü Lr ãåí³â ó áàòüê³âñüêèõ ë³í³ÿõ 
TcLr òà ã³áðèäàõ F

1–2
 êîíòðîëþâàëè ìîëåêóëÿðíî-ãåíåòè÷íèìè ìàðêåðà-

ìè (òàáë. 2). Ç íàÿâíèõ ó íàóêîâ³é ë³òåðàòóð³ ïîñë³äîâíîñòåé ïðàéìåð³â, 
ðåêîìåíäîâàíèõ àâòîðàìè ÿê ìàðêåðè äëÿ ³äåíòèô³êàö³¿ Lr ãåí³â, â³ä³áðà-
ëè ò³, ùî â³äïîâ³äàëè äâîì êðèòåð³ÿì: 

1) íàÿâí³ñòü çàÿâëåíîãî ìàðêåðíîãî ôðàãìåíòà àìïë³ô³êàö³¿, ùî 
ñâ³ä÷èòü ïðî ïðèñóòí³ñòü ãåíà (òàáë. 2); 

2) ñïåöèô³÷í³ñòü ìàðêåðà — ³äåíòèô³êàö³ÿ Lr ãåíà ò³ëüêè ó â³äïîâ³äíî¿ 
³çîãåííî¿ ë³í³¿ (òàáë. 3). 
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Òàáëèöÿ 2 

ÏËÐ-ìàðêåðè, ÿê³ âèêîðèñòàí³ äëÿ ³äåíòèô³êàö³¿ Lr-ãåí³â

Ãåí 
ñò³éêîñò³ 

Ïðàéìåð 
Ïîñë³äîâí³ñòü 

ïðàéìåðà 5’ — 3’ 

Ïðîäóêò 
àìïë³ô³êàö³¿, 

ï. í. 

Ë³òåðàòóðí³ 
äæåðåëà 

Lr9 
SCS5F 
SCS5R 

tgcgcccttcaaaggaag 
tgcgcccttctgaactgtat 

550 12

Lr10 
F1.2245 
Lr10–6/r2 

gaagcccttcgtctcatctg 
ttgattcattgcagatgagatcacg 

282 13

Lr14a 
Xgwm344F 
Xgwm344R 

caaggaaataggcggtaact 
atttgagtctgaagtttgca 

110 14

Lr19 
Xwmc221F 
Xwmc221R 

acgataatgcagcggggaat 
gctgggatcaagggatcaat 

200 15

Lr20 
C320–1 
C320–2 

ccggcatagatcgagaatag 
ccggcatagaactttaagcg 

420 16

Lr21 
Xgdm33F 
Xgdm33R 

cgctcaaattcaaccgttctt 
tacgttctggtggctgctc 

130 17

Lr22a 
Xgwm296F 
Xgwm296R 

aattcaacctaccaatctctg 
gcctaataaactgaaaacgag 

121 18

Lr24 
Sr24/Lr24.1 
Sr24/Lr24.2 

cacccgtgacatgctcgta 
aacaggaaatgagcaacgatgt 

500 19

Lr26 
Xscm9F 
Xscm9R 

tgacaaccccctttccctcgt 
tcatcgacgctaaggaggaccc 

212 20

Lr28 
Lr 28–01 
Lr 28–02 

cccggcataagtctatggtt 
caatgaatgagatacgtgaa 

400 21

Lr34 
csLV34F 
csLV34R 

gttggttaagactggtgatgg 
tgcttgctattgctgaatagt 

150 22

Lr36 
36F 
36R 

gctgcatgagctctgcaat 
tctgtgaggcattgacagaa 

282 23

Lr37 
Ventriup 
LN2

aggggctactgaccaaggct 
tgcagctacagcagtatgtaca-
caaaa 

259 24

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â — çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè [25]. 

Îö³íêè ñò³éêîñò³ ñîðòó Òåò÷åð (Òñ) òà 13 éîãî ³çîãåííèõ ë³í³é äî áóðî¿ 
³ðæ³ ó 2013–2016 ðð. áóëè ñõîæ³ ó ïîð³âíÿíí³ ç êîíòðîëåì ÷óòëèâîñò³ — 
ñîðò Thatcher (òàáë. 4). Äîñë³äæåí³ ³çîãåíí³ ë³í³¿ ïîä³ëåí³ íà ãðóïè çà ñòó-
ïåíåì ñò³éêîñò³ òà ÷óòëèâîñò³ äî çáóäíèêà áóðî¿ ³ðæ³: 1) âèñîêîñò³éê³ (íîñ³¿ 
ãåí³â Lr9, Lr19, Lr24); 2) ñò³éê³ (íîñ³¿ ãåí³â Lr26, Lr28, Lr36, Lr37); 3) ñëà-
áî÷óòëèâ³ (íîñ³¿ ãåí³â Lr20, Lr21, Lr34); 4) ÷óòëèâ³ (íîñ³¿ ãåí³â Lr10, Lr14à, 
Lr22à, Lr22b). Çàëåæí³ñòü ä³¿ ãåí³â, ÿê³ íå çàáåçïå÷óþòü âèñîêî¿ ñò³éêîñò³ â 
óìîâàõ Ï³âäíÿ Óêðà¿íè, â³ä òåìïåðàòóðè âèâ÷àëè â ïåð³îä ç ïî÷àòêó òðàâ-
íÿ (âèõ³ä ó òðóáêó) äî ñåðåäèíè ÷åðâíÿ (öâ³ò³ííÿ) â 2014, 2015 ðð. 

Ñåðåäíüîäîáîâ³ çíà÷åííÿ òåìïåðàòóðè â ì. Îäåñà ó ðîêè äîñë³-
äæåííÿ ñóòòºâî íå âàð³þâàëè (ðèñ., à). Êðèâ³ ðîçâèòêó áóðî¿ ³ðæ³ íà ñîðò³ 
Thatcher ³ éîãî ³çîãåííèõ ë³í³é ç ãåíàìè ñò³éêîñò³ â 2014 òà 2015 ðð. áóëè 
ïîä³áí³ (ðèñ., á–â). Ñåðåä âèâ÷åíèõ ³çîãåííèõ ë³í³é ò³ëüêè ó ë³í³¿ TcLr34 âè-
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ÿâëåíî óïîâ³ëüíåííÿ ðîçâèòêó çàõâîðþâàííÿ ó ïåð³îä, êîëè òåìïåðàòóðà 
ïîâ³òðÿ íå ïåðåâèùóâàëà 20 °Ñ. Ïðè ï³äâèùåíí³ òåìïåðàòóðè óðàæåííÿ 
áóðîþ ³ðæåþ ð³çêî çá³ëüøóâàëîñü — ç 5 äî 50–65 % (ðèñ., á–â). Öå ñâ³ä-
÷èòü ïðî çàëåæí³ñòü ä³¿ ãåíà Lr34 â³ä òåìïåðàòóðè òà çíèæåííÿ éîãî åôåê-
òèâíîñò³ ïðè âèñîê³é òåìïåðàòóð³, ùî â³äïîâ³äàº äàíèì ë³òåðàòóðè [26; 
27]. Ãåíè Lr20, Lr21, Lr26, Lr28, Lr36, Lr37 çàáåçïå÷óþòü ñò³éê³ñòü äî ³ðæ³ 
íåçàëåæíî â³ä óìîâ äîâê³ëëÿ. 

Òàáëèöÿ 3 

²äåíòèô³êàö³ÿ Lr ãåí³â ó íàáîð³ ³çîãåííèõ ë³í³é òà ñîðòó Thatcher çà ìîëåêóëÿð-
íèìè ìàðêåðàìè

Ë³í³ÿ
Ãåíè

Lr
9

Lr
10

Lr
14

a

Lr
19

Lr
20

Lr
21

Lr
22

a

Lr
24

Lr
26

Lr
28

Lr
34

Lr
36

Lr
37

Thatcher (Lr22b) – – – – – – – – – – – – –
TcLr9 + – – – – – – – – – – – –

TcLr10 – + – – – – – – – – – – –
TcLr14a – – + – – – – – – – – – –
TcLr19 – – – + – – – – – – – – –
TcLr20 – – – – + – – – – – – – –
TcLr21 – – – – – + – – – – – – –

TcLr22a – – – – – – + – – – – – –
TcLr24 – – – – – – – + – – – – –
TcLr26 – – – – – – – – + – – – –
TcLr28 – – – – – – – – – + – – –
TcLr34 – – – – – – – – – – + – –
NpLr36 – – – – – – – – – – – + –
TcLr37 – – – – – – – – – – – – + 

Ïðèì³òêà : «+» — ïðèñóòí³ñòü ìàðêåðíîãî ôðàãìåíòà àìïë³ô³êàö³¿, «–» — â³äñóòí³ñòü 
ìàðêåðíîãî ôðàãìåíòà àìïë³ô³êàö³¿. 

Âèêëèêàº ³íòåðåñ âèâ÷åííÿ åôåêò³â âçàºìîä³¿ ãåíà Lr34 ç ³íøèìè 
ãåíàìè ñò³éêîñò³ äî áóðî¿ ³ðæ³ â çàëåæíîñò³ â³ä òåìïåðàòóðè. Ïðè äîñë³-
äæåíí³ ã³áðèä³â F

1
, îäåðæàíèõ â³ä ñõðåùóâàííÿ TcLr34 õ TcLr10, TcLr34 

õ TcLr20, TcLr34 õ TcLr21, TcLr34 õ TcLr26 òà TcLr34 õ TcLr28, âèÿâëåíî, 
ùî ãåí Lr34 óïîâ³ëüíþº óðàæåííÿ ³ðæåþ ïðè íèçüêèõ òåìïåðàòóðàõ, à ó 
âèïàäêó â êîìá³íàö³¿ ç ãåíîì Lr26 ïîñèëþº ñò³éê³ñòü ó ïîð³âíÿíí³ ç ë³í³-
ºþ TcLr26 (ðèñ., ã). Ó ì³æë³í³éíèõ ã³áðèä³â F

1 
TcLr34 õ TcLr36 òà TcLr34 õ 

TcLr37 íå âèÿâëåíî ïîñèëåííÿ ñò³éêîñò³, à ó ã³áðèä³â F
1
 TcLr34 õ TcLr14à 

ñïîñòåð³ãàëàñü ñóïðåñ³ÿ ä³¿ ãåíà Lr34 ãåíîì Lr14à. Ñóïðåñóþ÷èé âïëèâ 
ãåíà Lr14à ñë³ä âðàõîâóâàòè ñåëåêö³îíåðàì, îñê³ëüêè öåé ãåí ïîøèðåíèé 
ñåðåä ñîðò³â óêðà¿íñüêî¿ ñåëåêö³¿ [8]. Ãåí Lr34 øèðîêî âèêîðèñòîâóºòüñÿ 
â ñåëåêö³¿ íà òðèâàëó ñò³éê³ñòü ó ïðèñóòíîñò³ ãîëîâíèõ ãåí³â, à òàêîæ ÿêùî 
â îäíîìó ãåíîòèï³ îá’ºäíóþòü 4 àáî á³ëüøå ìàëèõ ãåí³â, ÿê áóëî ïîêàçàíî 
â CIMMYT. Áëèçüêî 55 % ºâðîïåéñüêèõ ñîðò³â ïøåíèö³ ìàëè â³êîâó ñò³é-
ê³ñòü, çóìîâëåíó ê³ëüê³ñíèìè ãåíàìè (QTLs) ³ (àáî) Lr34 [28]. 
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Ðåçóëüòàòè ÏËÐ-àíàë³çó ã³áðèäíèõ ïîïóëÿö³é F
2
 çà ä³áðàíèìè ìî-

ëåêóëÿðíèìè ìàðêåðàìè íàâåäåíî â òàáëèö³ 5. Ñï³ââ³äíîøåííÿ êëàñ³â 
ðîçùåïëåííÿ ó 24 ïîïóëÿö³é F

2
 çà ìîëåêóëÿðíèìè ìàðêåðàìè â³äïî-

â³äàº î÷³êóâàíîìó, îêð³ì ï’ÿòè êîìá³íàö³é, â ÿêèõ îäíèì ³ç áàòüê³â áóëà 
âèêîðèñòàíà ³çîãåííà ë³í³ÿ TcLr26. Öå ÿâèùå ìîæíà ïîÿñíèòè â³äîìèì 
ôàêòîì çíèæåííÿ ÷àñòîòè ïåðåäà÷³ ÷åðåç ïèëêîâ³ çåðíà òðàíñëîêàö³¿ 
1BL/1RS [29; 30]. 

Òàáëèöÿ 4 

Ñò³éê³ñòü ³çîãåííèõ ë³í³é íà ïðèðîäíîìó ôîí³ ì³ñöåâèõ ïîïóëÿö³é çáóäíèêà 
áóðî¿ ³ðæ³ ó ð³çí³ ðîêè, áàë, ïî ðîêàõ 

Ë³í³ÿ 2013 2014 2015 2016 
Thatcher (Lr22b) 2 4 3 4

TcLr9 8 9 9 9
TcLr10 2 4 4 4

TcLr14a 2 3 4 3
TcLr19 9 9 9 9
TcLr20 2 6 4 6
TcLr21 5 4 6 6

TcLr22a 6 4 4 4
TcLr24 8 8 8 9
TcLr26 4 6 6 6
TcLr28 5 6 6 7
TcLr34 5 4 4 5
NpLr36 6 6 7 7
TcLr37 5 6 6 6

Ïðè ïîð³âíÿíí³ äàíèõ ãåíîòèïóâàííÿ ã³áðèä³â F
1–2

 ³ ôåíîòèïîâîãî 
ïðîÿâó ñò³éêîñò³ äî áóðî¿ ëèñòêîâî¿ ³ðæ³ âèçíà÷èëè, ùî ãîëîâí³ Lr ãåíè 
â ð³çíèõ êîìá³íàö³ÿõ ìîæóòü ÿê ïîñèëþâàòè, òàê ³ ïðèãí³÷óâàòè ñò³éê³ñòü 
(òàáë. 5). Òàê, íàÿâí³ñòü ãåí³â Lr36 òà Lr37 ïðèçâîäèëà äî ñóòòºâîãî çìåí-
øåííÿ ñò³éêîñò³ ðîñëèí ïðè ¿õíüîìó êîìá³íóâàíí³ ç ãåíàìè Lr9, Lr19, Lr24, 
Lr26. Ó ðîñëèí ã³áðèä³â TcLr20õTcLr10 òà TcLr20õTcLr21 òàêîæ ñïîñòåð³-
ãàëîñÿ ïîñèëåííÿ ñò³éêîñò³ äî áóðî¿ ëèñòêîâî¿ ³ðæ³. Êîìá³íàö³¿ ãåí³â Lr9, 
Lr19, Lr24, Lr26, Lr34 ì³æ ñîáîþ íå ïðèçâîäèëè äî çíèæåííÿ ñò³éêîñò³, 
òîìó çàçíà÷åí³ ãåíè ìîæóòü áóòè îá’ºäíàí³ â ãåíîòèïàõ çà äîïîìîãîþ 
MAS-òåõíîëîã³é äëÿ çàáåçïå÷åííÿ ãàðàíòîâàíî¿ äîâãîòðèâàëî¿ ñò³éêîñ-
ò³. Îòðèìàíó ³íôîðìàö³þ ïðî âçàºìîä³þ Lr ãåí³â ó ð³çíèõ êîìá³íàö³ÿõ ïî-
òð³áíî âðàõîâóâàòè ñåëåêö³îíåðàì ïðè ñòâîðåíí³ ñîðò³â ç òðèâàëîþ ñò³é-
ê³ñòþ äî áóðî¿ ³ðæ³. 

Óíàñë³äîê äîñë³äæåííÿ â F
2
 ïîïóëÿö³ÿõ â³ä ñõðåùóâàííÿ ë³í³é-íîñ³¿â 

ð³çíèõ Lr ãåí³â çà ìîëåêóëÿðíî-ãåíåòè÷íèìè ìàðêåðàìè â³ä³áðàíî 29 ãî-
ìîçèãîòíèõ ³çîãåííèõ ë³í³é ç ð³çíèìè êîìá³íàö³ÿìè äâîõ ãåí³â ñò³éêîñò³ äî 
áóðî¿ ëèñòêîâî¿ ³ðæ³. 
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Âèñíîâêè. 
1. Ïîêàçàíî, ùî â óìîâàõ Ï³âäíÿ Óêðà¿íè ãåíè Lr9, Lr19, Lr24 áóëè 

åôåêòèâíèìè, Lr20, Lr21, Lr26, Lr28, Lr36, Lr37 — ñåðåäíüîåôåêòèâíè-
ìè, Lr10, Lr14à, Lr22à, Lr22b — íååôåêòèâíèìè. Ãåí Lr34 º òåìïåðàòóðî-
çàëåæíèì ³ åôåêòèâíèì, êîëè ñåðåäíüîäîáîâà òåìïåðàòóðà ïîâ³òðÿ íå 
ïåðåâèùóº 20 °Ñ. 

2. Ãîëîâí³ Lr ãåíè â ð³çíèõ êîìá³íàö³ÿõ ìîæóòü ÿê ïîñèëþâàòè, òàê ³ 
ïðèãí³÷óâàòè ñò³éê³ñòü. Ïðèñóòí³ñòü ãåí³â Lr36 òà Lr37 ïðèçâîäèëà äî ñóò-
òºâîãî çìåíøåííÿ ñò³éêîñò³ ðîñëèí ïðè ¿õ êîìá³íàö³¿ ç ãåíàìè Lr9, Lr19, 
Lr24, Lr20. Ó ðîñëèí ã³áðèä³â F

1
 TcLr20õTcLr10 òà TcLr20õTcLr21 ñïîñòå-

ð³ãàëîñÿ ïîñèëåííÿ ñò³éêîñò³ äî áóðî¿ ëèñòêîâî¿ ³ðæ³. Ïðèñóòí³ñòü ãåíà 
Lr34 â êîìá³íàö³ÿõ ç ãåíàìè Lr10, Lr20, Lr26, Lr28 ï³äâèùóâàëà ñò³éê³ñòü 
ðîñëèí ïðè òåìïåðàòóð³ 13–20 0Ñ. Ó êîìá³íàö³¿ Lr34+Lr14à ä³ÿ ãåíà Lr34 
ñóïðåñóºòüñÿ ãåíîì Lr14à. Êîìá³íàö³¿ ãåí³â Lr9, Lr19, Lr24, Lr26, Lr34 ì³æ 
ñîáîþ íå ïðèçâîäèëè äî çìåíøåííÿ ñò³éêîñò³, òîìó çàçíà÷åí³ ãåíè ìî-
æóòü áóòè îá’ºäíàí³ â ãåíîòèïàõ çà äîïîìîãîþ MAS-òåõíîëîã³é äëÿ çà-
áåçïå÷åííÿ ãàðàíòîâàíî¿ äîâãîòðèâàëî¿ ñò³éêîñò³. 

3. Çà ìîëåêóëÿðíèìè ìàðêåðàìè â³ä³áðàíî 29 ãîìîçèãîòíèõ ³çîãåí-
íèõ ë³í³é ç ð³çíèìè êîìá³íàö³ÿìè äâîõ ãåí³â ñò³éêîñò³ äî áóðî¿ ëèñòêîâî¿ 
³ðæ³. 
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Galaev A. V. Plant Breeding and Genetics Institute — National Center of 
Seed and Cultivar Investigations 

EFFECTIVENESS OF DIFFERENT RESISTANCE GENES TO LEAF RUST 
AND THEIR COMBINATIONS IN INTERLINE HYBRIDS OF SPRING 

BREAD WHEAT (TRITICUM AESTIVUM L.) IN SOUTH UKRAINE 

The effect of genes for resistance to leaf rust has been explored in South 
Ukraine by the examples of common wheat cv. Thatcher (Tc) and its near-iso-
genic lines TcLr9, TcLr10, TcLr14à, TcLr19, TcLr20, TcLr21, TcLr22a, TcLr24, 
TcLr26, TcLr28, TcLr34, TcLr36, TcLr37 in the period from 2013 to 2016. 
Genes Lr9, Lr19, Lr24 are effective, Lr20, Lr21, Lr26, Lr28, Lr36, Lr37 — mod-
erately effective, Lr10, Lr14a, Lr22a, Lr22b — ineffective. Gene Lr34 is tem-
perature dependent and effective only at a mean daily temperature not above 
20 °Ñ. The main Lr genes in different combinations can both enhance and 
suppress resistance. 29 homozygous isogenic line with different combina-
tions of two genes for resistance to leaf rust selected by molecular markers. 
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Ãàëàåâ À. Â. Ñåëåêöèîííî-ãåíåòè÷åñêèé èíñòèòóò — Íàöèîíàëüíûé 
öåíòð ñåìåíîâåäåíèÿ è ñîðòîèçó÷åíèÿ 

ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÐÀÇÍÛÕ ÃÅÍÎÂ ÓÑÒÎÉ×ÈÂÎÑÒÈ Ê ÁÓÐÎÉ 
ÐÆÀÂ×ÈÍÅ È ÈÕ ÊÎÌÁÈÍÀÖÈÉ Â ÌÅÆËÈÍÅÉÍÛÕ ÃÈÁÐÈÄÀÕ 

ÏØÅÍÈÖÛ ßÐÎÂÎÉ (TRITICUM AESTIVUM L.) Â ÓÑËÎÂÈßÕ 
ÞÃÀ ÓÊÐÀÈÍÛ 

Ýôôåêòèâíîñòü ãåíîâ óñòîé÷èâîñòè ïøåíèöû ê áóðîé ðæàâ÷èíå èç-
ó÷àëè â óñëîâèÿõ Þãà Óêðàèíû ñ èñïîëüçîâàíèåì ñîðòà Thatcher (Òñ) 
è åãî 13 ïî÷òè èçîãåííûõ ëèíèé TcLr9, TcLr10, TcLr14à, TcLr19, TcLr20, 
TcLr21, TcLr22a, TcLr24, TcLr26, TcLr28, TcLr34, TcLr36, TcLr37 â ïåðè-
îä ñ 2013 ïî 2016 ãã. Ãåíû Lr9, Lr19, Lr24 áûëè ýôôåêòèâíûìè, Lr20, 
Lr21, Lr26, Lr28, Lr36, Lr37 — ñðåäíåýôôåêòèâíûìè, Lr10, Lr14à, Lr22à, 
Lr22b — íåýôôåêòèâíûìè. Ãåí Lr34 ÿâëÿåòñÿ òåìïåðàòóðíîçàâèñèìûì è 
ýôôåêòèâíûì òîëüêî ïðè ñðåäíåñóòî÷íîé òåìïåðàòóðå âîçäóõà íå âûøå 
20 °Ñ. Ãëàâíûå Lr ãåíû â ðàçëè÷íûõ êîìáèíàöèÿõ ìîãóò êàê óñèëèâàòü, òàê 
è ïîäàâëÿòü óñòîé÷èâîñòü. Ñ ïîìîùüþ ìîëåêóëÿðíûõ ìàðêåðîâ îòîáðà-
íî 29 ãîìîçèãîòíûõ èçîãåííûõ ëèíèé ñ ðàçëè÷íûìè êîìáèíàöèÿìè äâóõ 
ãåíîâ óñòîé÷èâîñòè ê áóðîé ðæàâ÷èíå. 


