
60 ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2019. Ò. 53. ¹ 4

Â ñòàòò³ âèñâ³òëåíî ñó÷àñíèé ñòàí ïðîáëåìè âèâ÷åííÿ 
ãå í³â ñò³éêîñò³ äî â³âñÿíî¿ (Heterodera avenae) òà 
êîðåíåâî¿ (Pratylenchus neglectus) íåìàòîä ó ïøåíèö³ 
ì’ÿêî¿ (Triticum aestivum L.) òà ¿õ çàëó÷åííÿ äî 
ñåëåêö³éíèõ ïðîãðàì.  Íàâåäåíî ïåðåë³ê á³ëüøîñò³ 
³äåíòèô³êîâàíèõ ãåí³â ñò³éêîñò³ äî öèõ ô³òîïàòîãåí³â 
òà îõàðàêòåðèçîâàíî ¿õ õðîìîñîìíó ëîêàë³çàö³þ ³ 
ñïåöèô³êó îáóìîâëåíî¿ ñò³éêîñò³. Âêàçàíî äæåðåëà ãåí³â 
ñò³éêîñò³, ÿê³ øèðîêî âèêîðèñòîâóþòüñÿ äëÿ êîíòðîëþ 
â³âñÿíî¿ íåìàòîäè. Íàâåäåíî òàêîæ àëüòåðíàòèâí³ 
ìåòîäè ïåðåíåñåííÿ ôàêòîð³â ñò³éêîñò³ äî íåìàòîä 
ó ïøåíèöþ.

Êëþ÷îâ³ ñëîâà: â³âñÿíà íåìàòîäà, êîðåíåâà íåìàòîäà, 
ãåíè ñò³éêîñò³, ïøåíèöÿ, ìîëåêóëÿðí³ ìàðêåðè. 

Ó ïðèðîäíèõ ³ øòó÷íèõ á³îöåíîçàõ ô³òîíåìà-
òîäè çóñòð³÷àþòüñÿ, ÿê ïðàâèëî, ó âèãëÿä³ 
ñêëàäíèõ êîìïëåêñ³â ïîïóëÿö³é ð³çíèõ âèä³â, 
ùî â³äð³çíÿþòüñÿ ì³æ ñîáîþ çà ñâîºþ åêî-
ëîã³÷íîþ õàðàêòåðèñòèêîþ ³ òàêñîíîì³÷íîþ 
íàëåæí³ñòþ. Çà ñïîñîáîì æèòòÿ òà ìîðôîëî-
ã³ºþ ïàðàçèòè÷í³ íåìàòîäè ïîä³ëÿþòü íà 
ê³ëüêà ãðóï: ñåäåíòàðí³ åíäîïàðàçèòè (ðîäè 
Heterodera, Meloidogyne, Nacobbus), ì³ãðóþ÷³ êî-
ðåíåâ³ åíäîïàðàçèòè (ðîäè Pratylenchus, Dity-
lenchus) òà åêòîïàðàçèòè (ðîäè Paratylenchus, 
Helicotylenchus, Tylenchorhynchus, Longidorus, Tri-
chodorus). Á³ëüø³ñòü âèä³â ô³òîãåëüì³íò³â íàëå-
æàòü äî ðÿäó Tylenchida, äåê³ëüêà äåñÿòê³â –
äî ðÿäó Dorylaimida ³ º îáë³ãàòíèìè ïà-
ðàçèòàìè. Âîíè çäàòí³ óðàæóâàòè âñ³ îðãàíè 
ÿê íèæ÷èõ, òàê ³ âèùèõ ðîñëèí, âèêëèêàþ÷è 
¿õí³ çàõâîðþâàííÿ òà çàãèáåëü [1, 2]. Çã³äíî ç

äàíèìè ë³òåðàòóðè íàéá³ëüø åêîíîì³÷íî íå-
áåçïå÷íèìè ñåðåä íåìàòîä, ùî âðàæàþòü ïøå-
íèöþ, º öèñòîóòâîðþâàëüí³ íåìàòîäè Hetero-
dera avenae Wollenweber, H. filipjevi (Madzhidov, 
1981) Stelter, òà H. latipons Franklin [2, 3]. Íå-
áåçïåêà öèñòîóòâîðþâàëüíèõ íåìàòîä ïîëÿãàº 
íàñàìïåðåä â ¿õ çäàòíîñò³ óòâîðþâàòè öèñòè ³ 
â òàêîìó âèãëÿä³ ïåðå÷³êóâàòè íåñïðèÿòëèâ³ 
óìîâè íàâêîëèøíüîãî ñåðåäîâèùà äî äåê³ëü-
êîõ ðîê³â, çîêðåìà îáðîáêó íåìàòîöèäàìè, ùî 
º ïîòåíö³éíî íåáåçïå÷íèìè äëÿ íàâêîëèøíüî-
ãî ñåðåäîâèùà ðå÷îâèíàìè, ïðîòå íå ãàðàíòó-
þòü ïîâíîãî çíèùåííÿ íåìàòîä [3–5].

Â³âñÿíó öèñòîóòâîðþâàëüíó íåìàòîäó (H. 
avenae) ââàæàþòü íàéíåáåçïå÷í³øîþ ç³ çëà-
êîâèõ öèñòîâèõ íåìàòîä; âîíà º á³îòðîôíèì 
ô³òîïàòîãåíîì, ùî ïàðàçèòóº ÿê íà ïøåíèö³, 
òàê ³ íà ³íøèõ çëàêàõ [3]. Âòðàòè óðîæàþ ïøå-
íèö³ â³ä H. avenae â óìîâàõ ï³âí³÷íî¿ ªâðîïè 
ñêëàäàþòü ìåíøå 10 % [1], îäíàê çà á³ëüø 
æàðêèõ ³ ïîñóøëèâèõ óìîâ ìîæóòü ñÿãàòè á³ëü-
øå 50 % [6].

Óðàæåííÿ öèñòîóòâîðþâàëüíèìè íåìàòîäà-
ìè ÷óòëèâèõ ðîñëèí ïðîÿâëÿºòüñÿ ó ïðîíèê-
íåíí³ ëè÷èíîê äðóãî¿ ñòàä³¿ äî êîðåí³â ó çîíàõ 
åëîíãàö³¿ êë³òèí çà äîïîìîãîþ ðîçì³ùåíîãî â 
ãîëîâí³é ÷àñòèí³ ñòèëåòó, ÿêèé çäàòíèé ðóé-
íóâàòè êë³òèíí³ ñò³íêè, ùî ðîáèòü ìîæëèâèì 
ïðîíèêíåííÿ íåìàòîä óñåðåäèíó ðîñëèí. Äà-
ë³ íåìàòîäè ì³ãðóþòü áåçïîñåðåäíüî äî âàñêó-
ëÿðíîãî öèë³íäðó ³ ñïîíóêàþòü óòâîðåííÿ ñèñ-
òåìè õàð÷îâèõ êë³òèí – ñèíöèò³þ [7]. Îñòà-
òî÷íî íå ç’ÿñîâàíî, ÿêèì ÷èíîì íåìàòîäè 
âèçíà÷àþòü ïî÷àòêîâó ö³ëüîâó êë³òèíó, àëå 
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Ãåíåòè÷í³ ïåðåäóìîâè ñò³éêîñò³ ïøåíèö³ äî øêîäî÷èííèõ íåìàòîä

â³äîìî, ùî öåé ïðîöåñ íå º âèïàäêîâèì ³ 
âîíè â³ääàþòü ïåðåâàãó ñïåöèô³÷íèì êë³òèíàì 
óñåðåäèí³ âàñêóëÿðíîãî öèë³íäðó, çîêðåìà öå
êàìá³àëüí³ òà ïðîêàìá³àëüí³ êë³òèíè äëÿ æ³-
íî÷èõ îñîáèí ³ êë³òèíè êîðåíåâîãî ïåðèöèêëó 
äëÿ ñàìö³â [8]. Ï³ñëÿ âèáîðó ö³ëüîâî¿ êë³òèíè 
íåìàòîäè ñòèìóëþþòü óòâîðåííÿ ñèíöèò³þ, 
ïî÷èíàþòü õàð÷óâàòèñü ³ ïåðåñòàþòü ðóõàòèñü. 
Ó ö³é ñòàòè÷í³é ôàç³ ñàìêè é ñàìö³ ïðîõîäÿòü 
òðè åòàïè ëèíüêè, â ðåçóëüòàò³ ÷îãî íàáóâàþòü 
äîðîñëî¿ ôîðìè. Íàçâà «öèñòîóòâîðþâàëüíèõ 
íåìàòîä» ïîõîäèòü â³ä îñîáëèâîñòåé ¿õíüîãî 
æèòòºâîãî öèêëó: ï³ñëÿ çàïë³äíåííÿ äîðîñë³ 
æ³íî÷³ îñîáèíè ïîìèðàþòü, îäíàê ¿õ ò³ëî 
óòâîðþº çàõèñíèé øàð (öèñòó) íàâêîëî ÿºöü 
[7, 9]. Îñíîâíèì äæåðåëîì ïîæèâíèõ ðå÷îâèí 
äëÿ öèñòîóòâîðþâàëüíèõ íåìàòîä º ñèíöèò³é, 
ùî óòâîðþºòüñÿ â ðåçóëüòàò³ êîíòðîëüîâàíîãî 
ðóéíóâàííÿ ñóì³æíèõ êë³òèííèõ ñò³íîê ó 
ðîñëèííèõ êë³òèíàõ áåç ¿õ îñòàòî÷íî¿ çàãèáåë³ 
òàê, ùî ïîæèâí³ ðå÷îâèíè ³ç êë³òèí, ñóì³æíèõ 
³ç ñèíöèò³ºì, ìîæóòü ïðîíèêàòè âñåðåäèíó 
íüîãî é ãîäóâàòè íåìàòîäó [7]. 

Â îñòàíí³ ðîêè â Óêðà¿í³ ñïîñòåð³ãàºòüñÿ 
ï³äâèùåííÿ ñåðåäíüîð³÷íèõ òåìïåðàòóð, ùî 
ìîæå ïðèçâîäèòè äî çì³í âèäîâîãî ñêëàäó ïà-
òîãåí³â ïøåíèö³, ³ çîêðåìà ï³äâèùåííÿ âòðàò 
óðîæàþ ñàìå â³ä H. avenae [10]. Ó âñüîìó ñâ³ò³, 
é çîêðåìà ó Àâñòðàë³¿, ÿê åôåêòèâíèé ñïîñ³á 
êîíòðîëþ ðîçïîâñþäæåííÿ â³âñÿíî¿ íåìàòîäè 
âèêîðèñòîâóþòü ñîðòè, ñò³éê³ äî öüîãî ô³òîïà-
òîãåíó [1, 3]. Äëÿ îòðèìàííÿ òàêèõ ñîðò³â ïðî-
âîäÿòü âïðîâàäæåííÿ â íàñ³ííèöòâî â³äîìèõ, à 
òàêîæ âèÿâëåííÿ ç âèêîðèñòàííÿì ìîëåêóëÿð-
íî-ãåíåòè÷íèõ ìåòîä³â íîâèõ ãåí³â ñò³éêîñò³ äî 
â³âñÿíî¿ öèñòîóòâîðþâàëüíî¿ íåìàòîäè. Íàðàç³ 
â³äîìî 8 â³äíîñíî ïîøèðåíèõ ãåí³â, ùî çàáåç-
ïå÷óþòü òàêó ñò³éê³ñòü – Cre1-Cre8, ÿê³ â³äíîñ-
íî íåùîäàâíî áóëè âïðîâàäæåí³ àáî îõàðàêòå-
ðèçîâàí³ äëÿ îêðåìèõ ñîðò³â (çàì³ñòü öèôðîâèõ 
âèêîðèñòîâóþòüñÿ ë³òåðí³ ïîçíà÷åííÿ) [11–36].

Ãåí Cre1 º âëàñíèì ãåíîì ñò³éêîñò³ ïøåíèö³ 
(éìîâ³ðíå äæåðåëî – îêðåì³ ñîðòè Triticum 
aestivum L., çîêðåìà, àâñòðàë³éñüê³ ñîðòè Sil-
verstar òà Goroke) [11–14]. Ââàæàþòü, ùî öåé 
ãåí º äîñòàòíüî ïîøèðåíèì ó ñâ³òîâîìó ãåíî-
ôîíä³ ïøåíèö³ [14]. Ãåí çàáåçïå÷óº ñò³éê³ñòü 
äî ïîøèðåíîãî â Àâñòðàë³¿ ïàòîòèïó íåìàòîä 
Ha13, à òàêîæ äî íèçêè ïàòîòèï³â, ÿê³ âðàæà-
þòü ïøåíèöþ â ªâðîï³ [11]. Ñò³éê³ñòü, îáó-

ìîâëåíà öèì ãåíîì, ïðîÿâëÿºòüñÿ ó ð³çê³é äå-
ãðàäàö³¿ ñèíöèò³þ íà 12–14 äåíü ï³ñëÿ óðàæåí-
íÿ íåìàòîäàìè [12]. Cre1 áóëî ëîêàë³çîâàíî íà 
õðîìîñîì³ 2B ïøåíèö³ [13]. 

Ãåí Cre2 ïîõîäèòü â³ä äèêîãî ðîäè÷à ïøå-
íèö³ Aegilops ventricosa Tausch òà çàáåçïå÷óº 
ñò³éê³ñòü äî ³ñïàíñüêîãî ïàòîòèïó Ha71, ôðàí-
öóçüêèõ ïàòîòèï³â Ha41 (Fr1), Ha12 (Fr2 òà 4) 
òà Ha²², øâåäñüêèõ ïàòîòèï³â HgI òà HgIII 
[15]. Íà 15-é äåíü ï³ñëÿ óðàæåííÿ íåìàòîäà-
ìè ó ë³í³é ïøåíèö³, ùî íåñëè öåé ãåí, ñïî-
ñòåð³ãàëè íåêðîç (çàõèñíà â³äïîâ³äü çà íàä-
÷óòëèâèì òèïîì) ó ì³ñöÿõ ïðîíèêíåííÿ íå-
ìàòîä â ðîñëèíè, à òàêîæ íåâåëèêó ê³ëüê³ñòü 
âàêóîë³çîâàíîãî ³ äåãðàäîâàíîãî ñèíöèò³þ [15, 
16]. Cre2 áóëî ëîêàë³çîâàíî íà òðàíñëîêîâà-
í³é õðîìîñîì³ 6Mv/2A(2D) [16]. 

Ãåíè Cre3 òà Cre4 ïîõîäÿòü â³ä äèêîãî ðî-
äè÷à ïøåíèö³ Aegilops tauschii Coss. 13, 17]. 
Îáèäâà ãåíè ëîêàë³çîâàí³ íà õðîìîñîì³ 2DL
òà çàáåçïå÷óþòü ³äåíòè÷íó äî Cre1 çà ôåíî-
òèï³÷íèì ïðîÿâîì ñò³éê³ñòü ïðîòè òèõ ñàìèõ 
ðàñ íåìàòîäè [13]. Ìîæíà ïðèïóñòèòè, ùî Cre3 
òà Cre4 º àëåëÿìè òîãî é ñàìîãî ãåíà àáî îäíèì 
³ òèì ñàìèì ãåíîì, ãîìåîëîã³÷íèì äî Cre1 [17]. 

Ãåí Cre5 áóëî ïåðåíåñåíî íà õðîìîñîìó 
2AS ïøåíèö³ â³ä Ae. ventricosa ðàçîì ³ç ãåíàìè 
ñò³éêîñò³ äî ³ðæàñòèõ ãðèá³â Yr17, Lr37 òà Sr38, 
â ðåçóëüòàò³ ÷îãî áóëî îòðèìàíî ë³í³þ VPM1 
[18]. Ãåí íàäàº ÷àñòêîâó ñò³éê³ñòü ïøåíèö³ äî 
äåê³ëüêîõ ðàñ H. avenae, çîêðåìà äî Ha41 òà 
Ha12, çàáåçïå÷óþ÷è çìåíøåííÿ ê³ëüêîñò³ öèñò 
íà 85% òà 95% â³äïîâ³äíî íà ðîñëèíó àáî íà 
âàãó ´ðóíòó ïîð³âíÿíî ç ÷óòëèâèìè çðàçêàìè 
[19]. Ë³í³¿ òà ñîðòè ³ç ãåíîì Yr17/Lr37/Sr38 òà 
Cre5 øèðîêî âèêîðèñòîâóþòüñÿ ó ñåëåêö³éíèõ 
ïðîãðàìàõ Àâñòðàë³¿, ªâðîïè òà Ï³âí³÷íî¿ Àìå-
ðèêè [19]. 

Ãåí Cre6 òàêîæ ïîõîäèòü â³ä Ae. ventricosa òà 
íàäàº ñò³éê³ñòü äî ðàñè Ha12 â³âñÿíî¿ íåìàòîäè 
[16]. Ãåí áóëî ëîêàë³çîâàíî íà òðàíñëîêàö³¿ 
5NV/5A ³ 5NV/5A ³ âèçíà÷åíî, ùî â³í º äîñòî-
â³ðíî â³äì³ííèì â³ä Cre2 [16]. Ð³âåíü ñò³éêîñ-
ò³, ÿêó çàáåçïå÷óº ñàìå öåé ãåí, âèÿâëåíî íå 
áóëî, îñê³ëüêè çàçâè÷àé ñïîñòåð³ãàþòüñÿ ìíî-
æèíí³ òðàíñëîêàö³¿ ôðàãìåíò³â õðîìîñîì Ae. 
ventricosa, ÿê³ íåñóòü öåé òà ³íø³ ãåíè ñò³éêîñ-
ò³ é çàáåçïå÷óþòü ïðàêòè÷íî ïîâíèé ³ìóí³òåò 
ðîñëèí ïøåíèö³ äî H. avenae [16]. 
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Ãåí Cre7, ïåðåíåñåíîèé â³ä Aegilops triuncia-
lis L., çàáåçïå÷óº ñò³éê³ñòü äî ðàñ Ha11, Ha41, 
Ha12, Ha71, HgI, HgIII [20]. Ââàæàþòü, ùî 
åôåêòèâí³ñòü äåÿêèõ ³ç íàâåäåíèõ âèùå ãåí³â 
ïî â³äíîøåííþ äî ³ñïàíñüêîãî ïàòîòèïà Ha71 
ìîæå áóòè ïðèáëèçíî âèçíà÷åíà íàñòóïíèì 
ðÿäîì Cre1 � Cre4 � Cre5 � Cre2 � Cre7... [20]. 

Ãåí Cre8 áóëî âïåðøå âèçíà÷åíî â àâñ-
òðàë³éñüêîãî ñîðòó ïøåíèö³ Festiguay òà éîãî 
ïîì³ðíî ñò³éêèõ íàùàäê³â Molineux, Barunga 
òà Frame ÿê ìîæëèâèé ãåí-êàíäèäàò äëÿ Cre3 
[21]. Ïîò³ì ñò³éê³ñòü, îáóìîâëåíó öèì ãåíîì, 
çâ’ÿçàëè ç õðîìîñîìîþ 6Â, ³ ãåí îòðèìàâ ñâîº 
÷èñåëüíå ïîçíà÷åííÿ [22]. Çã³äíî ç îäíèìè
äîñë³äæåííÿìè ãåí íàäàº ñóòòºâî íèæ÷ó ñò³é-
ê³ñòü äî â³âñÿíî¿ íåìàòîäè, í³æ ãåíè Cre1 ³ Cre3 
(Cre3 > Cre1 >> Cre8) [23], çã³äíî ç ³íøèìè, 
ñò³éê³ñòü, ÿêó öåé ãåí íàäàº ïðîòè ðàñè Ha71 
ñóòòºâî âèùà, í³æ äëÿ Cre3 (...Cre7 >> Cre8 > 
Cre3 > Cre6) [20]. Òàêîæ ³ñíóþòü ïîâ³äîìëåííÿ, 
ùî ³ç Cre8 àñîö³þºòüñÿ òîëåðàíòí³ñòü ïøåíèö³ 
äî íåìàòîä: ðîñëèíè ç öèì ãåíîì çäàòí³ êðàùå 
ïåðåíîñèòè çíà÷íå ³íôåêö³éíå íàâàíòàæåííÿ ó 
ïîë³ áåç ïîì³òíèõ ïðîÿâ³â ñò³éêîñò³ [23]. 

Ãåí CreR ëîêàë³çîâàíî íà æèòí³é 6RL/6DL
òðàíñëîêàö³¿ [24]. Ð³âåíü ñò³éêîñò³ òà ðàñî-
ñïåöèô³÷í³ñòü öüîãî ãåíà äîñë³äæåíî ñëàáî, 
îäíàê â³äîìî, ùî â³í îäèí ç íåáàãàòüîõ çà-
áåçïå÷óº ñò³éê³ñòü äî àâñòðàë³éñüêîãî ïàòîòè-
ïó Ha13 [25]. 

Íåùîäàâíî áóëî âèÿâëåíî òàêîæ ãåí ñò³é-
êîñò³ CreV, ³íòðîãðåñîâàíèé â³ä Dasypyrum vil-
losum (L.) Borbas íà òðàíñëîêàö³ÿõ 6V#4L#6AS 
òà 6V#4L-4BL#4BS; â³äîìî, ùî ãåí çàáåçïå÷óº 
çàäîâ³ëüíó ñò³éê³ñòü çà íàä÷óòëèâèì òèïîì ïðî-
òè íåìàòîäè Heterodera humuli Filipjev, 1934, òà, 
éìîâ³ðíî, ñò³éê³ñòü äî H. avenae [26]. 

Ó ë³í³ÿõ, îäåðæàíèõ â³ä ñõðåùóâàííÿ ñîðòó 
Lutin (T. aestivum) ³ç ë³í³ºþ Ae. variabilis, áóëî 
âèÿâëåíî ãåí CreZ, êîòðèé çàáåçïå÷óº ñò³é-
ê³ñòü çà íàä÷óòëèâèì òèïîì äî íåìàòîä âèäó 
H. avenae, îäíàê àâòîðè äîñë³äæåííÿ íå ïî-
â³äîìëÿþòü í³ ïðî õðîìîñîìíó ëîêàö³þ, í³ 
ïðî ðàñîâó ñïåöèô³÷í³ñòü öüîãî ãåíà [27].Òà-
êîæ äîñë³äíèêè ñõîäÿòüñÿ íà òâåðäæåíí³, 
ùî ï³ðàì³äóâàííÿ ãåí³â ñò³éêîñò³ äî â³âñÿíî¿ 
öèñòîóòâîðþâàëüíî¿ íåìàòîäè ñóòòºâî çá³ëü-
øóº ñò³éê³ñòü ðîñëèí ïøåíèö³ äî öüîãî ïàòî-
ãåíó – àæ äî ïîâíîãî ³ìóí³òåòó äî âñ³õ â³äîìèõ 
ïàòîòèï³â [23, 28].

Ìîëåêóëÿðíî-ãåíåòè÷í³ ìåõàí³çìè ñò³éêî-
ñò³, ÿêó çàáåçïå÷óþòü á³ëüø³ñòü íàâåäåíèõ ãå-
í³â ñò³éêîñò³ äî â³âñÿíî¿ öèñòîóòâîðþâàëüíî¿ 
íåìàòîäè, ïîâ’ÿçóþòü ³ç íàä÷óòëèâîþ â³äïî-
â³ääþ çà òèïîì «ãåí-íà-ãåí». Òàê, ñèêâåíîâà-
íî òà âèÿâëåíî ãîìåîëîã³þ ãåí³â Cre1 òà Cre3. 
Îáèäâà ö³ ãåíè ìàþòü ñòðóêòóðó, ïîä³áíó äî 
êëàñó R ãåí³â, à, ñàìå, ìàþòü áàãàòèé íà ëåé-
öèí äîìåí, ê³íàçíèé äîìåí, äîìåí çâ’ÿçóâàííÿ 
ç íóêëåîòèäîì òà íàäñï³ðàë³çîâàíèé äîìåí [13]. 

Ó ïðîöåñ³ äîñë³äæåííÿ ãåí³â Cre6, CreZ òà 
CreV áóëî âèÿâëåíî âèñîêó ãîìîëîã³þ ¿õ ïî-
ñë³äîâíîñòåé ³ç ïîñë³äîâíîñòÿìè ãåí³â Cre1 òà 
Cre3 [16, 27, 28]. Îêð³ì öüîãî, ñò³éê³ñòü äî H. 
avenae àñîö³þþòü ³ç ï³äâèùåíîþ åêñïðåñ³ºþ 
ãåí³â àñêîðáàòïåðîêñèäàç [28], íèçêè ïðîòå¿í-
ê³íàç, ôàêòîð³â òðàíñêðèïö³¿, áàãàòèõ íà ã³äðî-
êñèïðîë³í ãë³êîïðîòå¿í³â, ùå íå îõàðàêòåðèçî-
âàíèõ ïðîòå¿í³â, ïîä³áíèõ äî ïðîäóêò³â R-ãåí³â 
òà ïðîòå¿í³â ñò³éêîñò³ òèïó RGA2 (âñüîãî 606 
ãåí³â-êàíäèäàò³â íà ôàêòîðè ñò³éêîñò³ çã³äíî 
äæåðåëà [29]).

Äëÿ îêðåìèõ ãåí³â ñò³éêîñò³ äî H. avenae âè-
çíà÷åíî íàéáëèæ÷å ç÷åïëåí³ ç íèìè ìàðêåðè, 
ÿê³, ïðîòå, íå º íàäòî òî÷íèìè, àáî äîñòóï äî
ÿêèõ çàêðèòî [11, 13, 30]. Íåùîäàâíî áóëî îïóá-
ë³êîâàíî ðåçóëüòàòè ìîëåêóëÿðíî-ãåíåòè÷íèõ 
äîñë³äæåíü ñò³éêîñò³, îáóìîâëåíî¿ ãåíîì Cre8, 
òà ³íôîðìàö³þ ïðî ìîëåêóëÿðíî-ãåíåòè÷í³ ìàð-
êåðè, ÿê³ êîñåãðåãóþòü ³ç öèì ãåíîì [22].

Îêð³ì öèñòîóòâîðþâàëüíèõ íåìàòîä, ïøå-
íèöþ ì’ÿêó âðàæàº òàêîæ êîðåíåâà íåìàòîäà 
Pratylenchus neglectus (Rensch, 1924) Filipjev and 
Schuurmans Stekhoven, 1941 [31]. Âòðàòè óðî-
æàþ ïøåíèö³ â³ä öüîãî ô³òîïàòîãåíà ìîæóòü 
ñòàíîâèòè äî 85 % [32]. Ïàòîãåíåç ³ ïîâåä³íêó 
êîðåíåâèõ íåìàòîä äîñòàòíüî äîáðå âèâ÷åíî 
[33]. Â³äîìî, ùî ïðåäñòàâíèêè öèõ íåìàòîä 
õàð÷óþòüñÿ â ðåçóëüòàò³ àáî êîðîòêî÷àñíîãî 
³ íåãëèáîêîãî ïðîíèêíåííÿ, àáî ïîâ³ëüíîãî 
³ òðèâàëîãî ââåäåííÿ ñòèëåòó íà ãëèáèíó äî 
2 ìêì [33]. Íåìàòîäè íà ñòàä³ÿõ ðîçâèòêó J2 òà 
J3 çäåá³ëüøîãî õàð÷óþòüñÿ íà êîðåíåâèõ âî-
ëîñèíêàõ, òîä³ ÿê á³ëüø äîðîñë³ îñîáèíè ì³-
ãðóþòü äî êîðåíåâîãî êîðòåêñó é õàð÷óþòüñÿ ç 
éîãî êë³òèí [7]. Ðîñëèíí³ êë³òèíè ìîæóòü æèòè 
ïðîòÿãîì äåê³ëüêîõ ãîäèí ï³ñëÿ êîðîòêî÷àñíî¿ 
âçàºìîä³¿ ç íåìàòîäîþ, â ðåçóëüòàò³ á³ëüø 
òðèâàëî¿ âçàºìîä³¿ âîíè çàçâè÷àé ïîìèðàþòü 
øâèäøå [32]. ²íâàç³ÿ êîðåíÿ äîñÿãàºòüñÿ ÿê 
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øëÿõîì ìåõàí³÷íîãî ïðîíèêíåííÿ, òàê ³ ñå-
êðåö³¿ ïåâíèõ ôåðìåíò³â [33]. Ï³ñëÿ ïåðâèí-
íîãî ïðîíèêíåííÿ îäí³º¿ íåìàòîäè ³íø³ òàêîæ 
ìîæóòü ³íô³êóâàòè òó ñàìó ä³ëÿíêó [8]. Îñîáëè-
â³ñòþ, ÿêà äàëà öèì íåìàòîäàì ¿õíþ íàçâó, º 
óòâîðåííÿ êîðè÷íåâîãî ÷è ÷åðâîíóâàòîãî ïî-
øêîäæåííÿ ó ì³ñöÿõ ïðîíèêíåííÿ, ì³ãðàö³¿, 
õàð÷óâàííÿ ÷è âèõîäó [7, 31–33]. Ïðè íèçüê³é 
ù³ëüíîñò³ ïîïóëÿö³¿ êîðåíåâèõ íåìàòîä óðà-
æåííÿ îäèíè÷í³, îäíàê îñê³ëüêè âðàæàþòüñÿ 

êîðåíåâ³ âîëîñèíêè òà õàð÷îâ³ êîð³íö³, çìåí-
øóºòüñÿ çäàòí³ñòü ðîñëèí ïîãëèíàòè ïîæèâí³ 
ðå÷îâèíè òà âîäó [31]. Ïðè âèñîê³é ù³ëüíîñ-
ò³ ïîïóëÿö³¿ íåìàòîä òà ¿õ ³íòåíñèâí³é ì³ãðà-
ö³¿ ïîðóøóºòüñÿ ð³ñò êîðåíåâî¿ ñèñòåìè, ùî 
ïðèçâîäèòü äî íèçüêîðîñëîñò³, âèêðèâëåííÿ 
êîðåí³â, íåñòà÷³ ëàòåðàëüíèõ êîðåí³â [33]. Òà-
êîæ ïîøêîäæåííÿ ìîæóòü ñëóãóâàòè ñàéòàìè 
ïðîíèêíåííÿ äëÿ ³íøèõ ïàòîãåí³â, òàêèõ ÿê 
ïðåäñòàâíèêè âèä³â Fusarium òà Verticillium [33].

Ãåíè ñò³éêîñò³ ïøåíèö³ äî íåìàòîä: ïîõîäæåííÿ, ëîêàë³çàö³ÿ, ñïåöèô³êà

Ãåí
Õðîìîñîìíà 
ëîêàë³çàö³ÿ

Ïîõîäæåííÿ

Âèä ìîëå-
êóëÿðíèõ 
ìàðêåð³â, 
ç÷åïëåíèõ 
ç ãåíîì

Ñîðòè ïøåíèö³, 
ÿê³ ìîæóòü áóòè 

äæåðåëàìè

Âèä íåìà-
òîä, äî ÿêèõ 
çàáåçïå÷óº 
ñò³éê³ñòü

Ïàòîòèïè, 
äî ÿêèõ 

çàáåçïå÷óº 
ñò³éê³ñòü

Òèï ñò³éêîñò³

Cre1

Cre2

Cre3
Cre4
Cre5

Cre6

Cre7

Cre8

CreR

CreZ
CreV

Rlnn1

2BL

6Mv/2A(2D)

2DL
2DL
2AS

5NV/5A òà 
5NV/5A

–

6BL

6RL/6DL

?
6V#4L#6AS 
òà 6V#4L–
4BL#4BS

7AL

T. aestivum

Ae. ventricosa

Ae. tauschii 
Ae. tauschii 
Ae. ventricosa

Ae. ventricosa

Ae. triuncialis

T. aestivum

S. cereale

Ae. variabilis
D. villosum

T. aestivum

STS*

RFLP

STS
–

SSR

ISSR 

–

KASP

SCAR

STS
STS

STS

Silverstar, 
Goroke

–

–
–
–

–

–

Chinese Spring 
(CHN), 
Molineux 
(AUS) 

–

–
–

Bowie (AUS), 
Waylkatchem 

(AUS), 
Cascadess 

(AUS), Yenda 
(AUS)

H. avenae

H. avenae

H. avenae
H. avenae
H. avenae

H. avenae

H. avenae

H. avenae

H. avenae, 
H. humuli

H. humuli

P. neglectus

Ha11, Ha12,
Ha13

Ha71, Ha41, 
Ha12, Ha²², 
HgI, HgIII
Ha13
Ha13
Ha12, Ha41,
Ha13 (÷àñò-
êîâî)
Ha12

Ha11, Ha41,
Ha12, Ha71,
 HgI, HgIII
Ha41, Ha71,
ìîæëèâî ³í-
ø³

Ha13

–

Íàä÷óòëèâà, 
ðàñîñïåöè-
ô³÷íà

«

«
«

×àñòêîâà

Íàä÷óòëèâà, 
ðàñîñïåöè-
ô³÷íà

«

Ïîì³ðíà, ð³-
âåíü âàð³þº 
çàëåæíî â³ä 
ðàñè
Íàä÷óòëèâà, 
ðàñîñïåöè-
ô³÷íà

«
«

Ïîì³ðíà

Ïðèì³òêà. * – ïîñë³äîâíîñò³ ïðàéìåð³â, ùî ôëàíêóþòü ìàðêåð, º çàêðèòèìè ³ º êîìåðö³éíîþ âëàñí³ñòþ.
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À.Â. Êàðåëîâ, Ë.À. Ïèëèïåíêî, Í.Î. Êîçóá òà ³í.

Äîñ³ â Óêðà¿í³ íå ñïîñòåð³ãàëîñü øèðîêîãî 
ðîçïîâñþäæåííÿ P. neglectus, îäíàê ó çâ’ÿçêó ç³ 
çì³íàìè êë³ìàòó òà ñïîñîá³â ãîñïîäàðþâàííÿ 
äîñèòü â³ðîã³äíèìè º âðàæåííÿ ïøåíèö³ ö³ºþ 
íåìàòîäîþ â ïîäàëüøîìó, çîêðåìà, íà ï³âäí³ 
Óêðà¿íè. ²ñíóþòü ïîâ³äîìëåííÿ ïðî àäàïòà-
ö³þ öèõ íåìàòîä ³ äî á³ëüø ïîì³ðíèõ øèðîò – 
òàê, áóëî çàô³êñîâàíî ïîÿâó öüîãî ô³òîïàòî-
ãåíà â øòàò³ Ï³âí³÷íà Äàêîòà, ÑØÀ [34].

Ó âèïàäêó P. neglectus áóëî âèÿâëåíî äå-
ê³ëüêà ëîêóñ³â ê³ëüê³ñíèõ îçíàê, ÿê³ âïëèâàþòü 
íà óðàæåííÿ ðîñëèí ïøåíèö³ ö³ºþ íåìàòîäîþ: 
ê³ëüê³ñíèé ôàêòîð QRlnn.lrc-6D.1 íà õðîìî-
ñîìàõ 6DS â³ä ñèíòåòè÷íî¿ ë³í³¿ ïøåíèö³ 
W-7984 [35], QRlnn.lrc-4D.1 íà õðîìîñîì³ 4DS 
â³ä ñîðòó Janz òà QRlnn.lrc4B.1 íà õðîìîñîì³ 
4BS â³ä ë³í³¿ CPI133872 [36]. Îäíàê ëèøå îäèí 
ôàêòîð ñò³éêîñò³, Rlnn1, âèçíà÷åíî ÿê ãåí [37].
Ãåí Rlnn1 – âëàñíèé ãåí ïøåíèö³, ùî ïîõî-
äèòü â³ä ñîðòó Excalibur òà ëîêàë³çîâàíèé íà 
õðîìîñîì³ 7A [38]. Â³í, äî òîãî æ, éìîâ³ðíî, 
êîñåãðåãóº ç ãåíîì Lr20/Sr15 ðàñîñïåöèô³÷-
íî¿ ñò³éêîñò³ äî áóðî¿ òà ñòåáëîâî¿ ³ðæ³ [38]. 
Äëÿ ñîðò³â ïøåíèö³ ³ç àëåëåì ñò³éêîñò³ öüîãî 
ãåíà ñïîñòåð³ãàºòüñÿ ñóòòºâå çíèæåííÿ ð³âíÿ 
ïðîíèêíåííÿ òà ðîçìíîæåííÿ íåìàòîä (â ë³-
òåðàòóð³ âèçíà÷àºòüñÿ çà âì³ñòîì ÄÍÊ ³ç íå-
ìàòîä, îòðèìàíèõ ç³ øòó÷íî çàðàæåíèõ ðîñ-
ëèí) [38].

Ó áàãàòüîõ äæåðåëàõ ïðîïîíóþòü âèêîðèñ-
òîâóâàòè ìåòîäè ãåííî¿ ³íæåíåð³¿ ÿê çàñ³á ï³ä-
âèùåííÿ ñò³éêîñò³ ïøåíèö³ òà ³íøèõ ñ³ëüñüêî-
ãîñïîäàðñüêèõ êóëüòóð â³ä íåìàòîä. Çîêðåìà, 
ó ïðåäñòàâíèê³â íåñïîð³äíåíèõ ³ç ïøåíèöåþ 
âèä³â áóëî âèÿâëåíî ãåíè, ùî òàêîæ êîäóþòü 
á³ëêè ³ç áàãàòèì íà ëåéöèí òà íóêëåîòèä-çâ’ÿ-
çóþ÷èì äîìåíàìè ³ âèñîêîþ ãîìîëîã³ºþ ³ç 
ãåíîì Cre3 [39]. Ïåðåíåñåííÿ öèõ ãåí³â çà äî-
ïîìîãîþ ìåòîä³â ãåíåòè÷íî¿ ìîäèô³êàö³¿ ìîæå 
áóòè á³ëüø çðó÷íèì, à ñò³éê³ñòü, îòðèìàíà â 
ðåçóëüòàò³ öüîãî – åôåêòèâí³øîþ. Òàêîæ ïðî-
ïîíóþòü ââîäèòè ó ðîñëèíè ãåíè, ÿê³ á êîäó-
âàëè äâîëàíöþãîâ³ ÐÍÊ òà ³íôîðìàö³éí³ ÐÍÊ-
ñàéëåíñåðè, êîòð³ á ïðèãí³÷óâàëè åêñïðåñ³þ 
ãåí³â â³ðóëåíòíîñò³, ñïåöèô³÷íèõ äëÿ òèõ ÷è 
³íøèõ íåìàòîä; ïîä³áíèé ï³äõ³ä ââàæàþòü 
á³ëüø áåçïå÷íèì, îñê³ëüêè ââåäåí³ ïîñë³äîâ-
íîñò³ íå º ãåíàìè ³íøèõ îðãàí³çì³â [29, 39].

Â Óêðà¿í³ äîñë³äæåííÿ, ïðèñâÿ÷åí³ ñò³éêîñ-
ò³ äî íåìàòîä ïøåíèö³, ñèëüíî îáìåæåí³. Òàê, 

áóëî ïðîâåäåíå äîñë³äæåííÿ âèá³ðêè ñîðò³â 
ïøåíèö³ ì’ÿêî¿ óêðà¿íñüêî¿ ñåëåêö³¿ íà ìîëå-
êóëÿðíî-ãåíåòè÷í³ ïåðåäóìîâè ñò³éêîñò³, ÿêó 
çàáåçïå÷óþòü ãåíè Cre8 òà Rlnn1; çîêðåìà, íà-
ìè áóëè âèçíà÷åí³ îçèì³ ñîðòè Ìèðëåíà, Ìè-
ðîí³âñüêà 66 òà Ìèðîí³âñüêà 68, ÿê³, éìîâ³ðíî, 
ìàþòü ñò³éê³ñòü, îáóìîâëåíó ãåíîì Cre8 [40]. 
Íàì íå âäàëîñü çíàéòè ïóáë³êàö³é, ïðèñâÿ÷å-
íèõ ³íòðîãðåñ³¿ ãåí³â ñò³éêîñò³ äî íåìàòîä ó 
ñîðòè ïøåíèö³ óêðà¿íñüêî¿ ñåëåêö³¿ â³ä äèêèõ 
ðîäè÷³â, àáî ðîáîòè ïî äîñë³äæåííþ ñò³éêîñò³ 
óêðà¿íñüêèõ ñîðò³â äî íåìàòîä (çà ðåçóëüòàòà-
ìè ïîëüîâèõ ñïîñòåðåæåíü ÷è ñïîñòåðåæåíü 
ó òåïëèö³). Òîìó ïåðñïåêòèâíèì çàâäàííÿì º 
çàëó÷åííÿ â ñåëåêö³éí³ ïðîãðàìè â³äîìèõ äæå-
ðåë ãåí³â ñò³éêîñò³ äî íåìàòîä òà çàñòîñóâàííÿ 
ìàðêåðíîãî äîáîðó.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü ç âèêîðèñòàííÿì 
òâàðèí ³ ëþäåé â ÿêîñò³ îá’ºêò³â.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü í³ÿêîãî 
êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ-
÷èõ óñòàíîâ â äåðæàâíîìó, êîìåðö³éíîìó àáî 
íåêîìåðö³éíîìó ñåêòîðàõ.

GENETIC BACKGROUND OF THE RESISTANCE 
AGAINST PLANT PARASITIC NEMATODES 
IN WHEAT

A.V. Karelov, L.A. Pylypenko, N.A. Kozub,
I.A. Sozinov, Ya.B. Blume

Institute of Plant Protection of the National Academy
of Agrarian Sciences of Ukraine, 03022,
33 Vasylkivska St., Kyiv
SI «Insitute of Food Biotechnology and Genomics 
of NAS of Ukraine», 04123, 2a Osypovskogo St., Kyiv 

E-mail: tolikkarelov@meta.ua, office.ifbg@nas.gov.ua

The article describes the state of the art in research 
on resistance genes in wheat (Triticum aestivum L.) 
against cereal cyst nematode (Heterodera avenae) and 
root lesion nematode (Pratylenchus neglectus) and 
their use in breeding programs. Most of the genes 
responsible for this resistance are listed and their 
chromosomal location and their resistance specificity 
are described. The sources of the genes that are 
widely used in resistance breeding with the aim of 
cyst nematode control, are mentioned as well. Finally 
alternative ways to transfer nematode resistance genes 
into wheat are indicated.
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ÃÅÍÅÒÈ×ÅÑÊÈÅ ÏÐÅÄÏÎÑÛËÊÈ 
ÓÑÒÎÉ×ÈÂÎÑÒÈ ÏØÅÍÈÖÛ 
Ê ÂÐÅÄÎÍÎÑÍÛÌ ÍÅÌÀÒÎÄÀÌ

À.Â. Êàðåëîâ, Ë.À. Ïèëèïåíêî, Í.À. Êîçóá,
È.À. Ñîçèíîâ, ß.Á. Áëþì

Â ñòàòüå îïèñàí ñîâðåìåííîå ñîñòîÿíèå ïðîáëåìû 
èññëåäîâàíèå ãåíîâ óñòîé÷èâîñòè â îâñÿíîé (Hete-
rodera avenae) è êîðíåâîé (Pratylenchus neglectus) 
íåìàòîä ó ïøåíèöû ìÿãêîé (Triticum aestivum L.)
è èõ èñïîëüçîâàíèå â ñåëåêöèîííûõ ïðîãðàììàõ.
Ïðèâåäåí ïåðå÷åíü áîëüøèíñòâà èäåíòèôèöèðî-
âàííûõ ãåíîâ óñòîé÷èâîñòè ê ýòèì ôèòîïàòîãåíàì 
è îõàðàêòåðèçîâàíà èõ õðîìîñîìíàÿ ëîêàëèçàöèÿ è 
ñïåöèôèêà îáóñëîâëåííîé óñòîé÷èâîñòè. Óêàçàíû 
èñòî÷íèêè ãåíîâ, øèðîêî èñïîëüçîâàííûõ â êîíò-
ðîëå îâñÿíîé íåìàòîäû. Ïðèâåäåíû òàêæå àëüòåð-
íàòèâíûå ìåòîäû ïåðåíåñåíèÿ ôàêòîðîâ óñòîé÷è-
âîñòè ê íåìàòîäàì â ïøåíèöó.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Bernard, G., Egnin, M. and Bonsi, C. The impact of
plant-parasitic nematodes on agriculture and met-
hods of control, Nematology – Concepts, Diagnosis and
Control, 2017, vol. 7, pp. 121–51. doi: 10.5772/
intechopen.68958.

2. Jones, J.T., Haegeman, A., Danchin, E.G., Gaur, H.S.,
Helder, J., Jones, M.G., Kikuchi, T., Manzanilla-
López, R., Palomares-Rius, J.E., Wesemael, W.M. 
and Perry, R.N., Top 10 plant-parasitic nematodes in 
molecular plant pathology, Mol. Plant Pathol., 2013, 
vol. 14, no. 9, pp. 946–61. doi: 10.1111/mpp.12057.

3. Toumi, F., Waeyenberge, L., Viaene, N., Dababat, A.A.,
Nicol, J.M., and Ogbonnaya, F., Cereal cyst nema-
todes: importance, distribution, identification, quanti-
fication, and control, Eur. J. Plant Pathol., 2018, 
vol. 150, no. 1. doi: 10.1007/s10658-017-1263-0.

4. Caboni, P., Ntalli, N.G., Botanical nematicides, re-
cent findings, Biopesticides: State of the Art and 
Future Opportunities, ch. 11, pp. 145–57. doi: 
10.1021/bk-2014-1172.ch011.

5. Mokrini, F., Viaene, N. Lieven Waeyenberge, L., Da-
babat, A.A., and Moens, M., Characterization of ce-
real cyst nematodes (Heterodera spp.) in Morocco 
based on morphology, morphometrics and rDNA-ITS
sequence analysis, J. Plant Protec. Res., 2017, vol. 
57, no. 3, pp. 219–27. doi: 10.1515/jppr-2017-0031.

6. Mustafa �mren, M., and Elekcio�lu, I.H., Effect of 
cereal cyst nematode Heterodera avenae (Tylenchida: 
Heteroderidae) on yield of some spring wheat varieties 
in Adana Province, Turkey, Turk. J. Agric. For., 
2014, vol. 38, pp. 820–23. doi:10.3906/tar-1312-91.

7. Hewezi, T., Baum, T., Manipulation of plant cells 
by cyst and root-knot nematode effectors. Molecular 

Plant-Microbe Interactions, 2013, vol. 26, pp. 9–16. 
doi: 10.1094/MPMI-05-12-0106-FI.

8. Kyndt, T., Vieira, P., Gheysen, G., and de Almeida-
Engler J., Nematode feeding sites: unique organs in 
plant roots, Planta, 2013, vol. 238, no. 5, pp. 807–
18. doi: 10.1007/s00425-013-1923-z.

9. Absmanner, B., Stadler, R. and Hammes, U.Z., 
Phloem development in nematode-induced feeding 
sites: the implications of auxin and cytokinin, Front. 
Plant Sci., 2013. doi: 10.3389/fpls.2013.00241.

10. Okulewicz, A., The impact of global climate change 
on the spread of parasitic nematodes, Ann. Para-
sitol., 2017, vol. 63, no. 1, pp. 15–20. doi: 10.17420/
ap6301.79.

11. Williams, K.J., Fisher, J.M., and Langridg, R., 
Identification of RFLP markers linked to the cereal 
cyst nematode resistance gene (Cre) in wheat, Theor. 
Appl. Genet., 1994, vol. 89, pp. 927–30. doi: 10.1007/
BF00224519.

12. Ogbonnaya, F.C., Subrahmanyam, N.C., Moullet, 
O., de Majnik, J., Eagles, H.A., Brown, J.S., East-
wood, R.F., Kollmorgen, J., Appels. R., and Lagu-
dah, E.S., Diagnostic DNA markers for cereal cyst 
nematode resistance in bread wheat, Aust. J. Agric. 
Res., 2001, vol. 52, pp. 1367–74. doi: 10.1071/
AR01031.

13. de Majnik, J., Ogbonnaya, F.C., Moullet, O., and
Lagudah, E.S., The Cre1 and Cre3 nematode re-
sistance genes are located at homeologous loci in 
the wheat genome, MPMI, 2003, vol. 16, no. 12, 
pp. 1129–34. doi: 10.1094/MPMI.2003.16.12.1129.

14. Çali�kan, M., Uranbey, S., Nicol, J., Akar, T., Elek-
cio�lu, H., and Kaya, G., Indirect selection of Cre1 
gene in winter wheat populations, 2011, Arch. Biol. 
Sci. vol. 63, pp. 49–53. doi: 10.2298/ABS1101049C.

15. Delibes, A., Romero, D., Aguaded, S., Duce, A., 
Mena, M., Lopez-Braña, I., Andrés, M.-F., Martin-
Sanchez, J.-A., and García-Olmedo, F., Resistance 
to the cereal cyst nematode (Heterodera avenae Woll.) 
transferred from the wild grass Aegilops ventricosa to 
hexaploid wheat by a «stepping-stone» procedure, 
Theor. Appl. Genet., 1993, vol. 87, pp. 402–8. doi: 
10.1007/BF01184930.

16. Ogbonnaya, F.C., Seah, S., Delibes, A., Jahier, J., Ló-
pez-Braña, I., Eastwood, R.F., and Lagudah, E.S., Mo-
lecular-genetic characterisation of a new nematode 
resistance gene in wheat, Theor. Appl. Genet., 2001, 
vol. 102, pp. 623–9. doi: 10.1007/s001220051689.

17. Eastwood, R.F., Lagudah, E.S., and Appels, R., A 
directed search for DNA sequences tightly linked to 
cereal cyst nematode resistance genes in Triticum 
tauschii, Genome, 1994, vol. 37, pp. 311–9. doi: 
10.1139/g94-043.

18. Jahier, J., Tanguy, A.M., Abelard, P., Dedryver, F., 



66 ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2019. Ò. 53. ¹ 4

À.Â. Êàðåëîâ, Ë.À. Ïèëèïåíêî, Í.Î. Êîçóá òà ³í.

Rivoal, R., Khatkar, S., Bariana, H.S., and Koeb-
ner, R., The Aegilops ventricosa segment on chro-
mosome 2AS of the wheat cultivar ‘VPM1’ carries 
the cereal cyst nematode resistance gene Cre5, Plant
Breed., 2001, vol. 120, pp. 125–8. doi: 10.1046/j.1439-
0523.2001.00585.x.

19. Jahier, J., Tanguy, A.M., Abelard, P., and Rioal, R.,
Utilization of deletions to localize a gene for re-
sistance to the cereal cyst nematode, Heterodera 
avenae, on an Aegilops ventricosa chromosome, Plant 
Breed., 1996, vol. 115, pp. 282–4. doi: 10.1111/
j.1439-0523.1996.tb00919.x.

20. Montes M.J., Andres M.F., Sin, E., López-Braña, I., 
Martín-Sánchez, J.A., Romero, M.D, and Delibes, 
A., Cereal cyst nematode resistance conferred by the
Cre7 gene from Aegilops triuncialis and its relationship 
with Cre genes from Australian wheat cultivars. Ge-
nome, 2008, vol. 51, pp. 315–9. doi: 10.1139/G08-
015.

21. Paull, J.G., Chalmers, K.J., Karakousis, A., Kretsch-
mer, J.M., Manning, S., and Langridge, P., Gene-
tic diversity in Australian wheat varieties and bre-
eding material based on RFLP data, Theor. Appl. 
Genet., 2001, vol, 102, pp. 623–9. doi: 10.1007/
s001220050760.

22. Jayatilake, D.V., Tucker, E.J., Brueggemann, J., Le-
wis, J., Garcia, M., Dreisigacker, S., Hayden, M.J., 
Chalmers, K., and Mather, D.E., Genetic mapping 
of the Cre8 locus for resistance against cereal cyst 
nematode (Heterodera avenae Woll.) in wheat, Mol. 
Breed., 2015, vol. 35, no. 66, 12 p. doi: 10.1007/
s11032-015-0235-3.

23. Safari, E., Gororo, N.N., Eastwood, R.F., Lewis, J.,
Eagles, H.A., and Ogbonnaya, F.C., Impact of Cre1,
Cre8 and Cre3 genes on cereal cyst nematode re-
sistance in wheat, Theor. Appl. Genet., 2005., vol. 110,
pp. 567–72. doi: 10.1007/s00122-004-1873-8.

24. Taylor, C., Shepherd, K.W., and Langridge, P., A
molecular genetic map of the long arm of chromoso-
me 6R of rye incorporating the cereal cyst nematode 
resistance gene, CreR, Theor. Appl. Genet., 1998, 
vol. 97, pp. 1000–12. doi: 10.1007/s001220050984.

25. Dababat, A. A., Erg�nba�-Orakci, G., Toktay, H., 
�mren, M., Akin, B., Braun, H.-J., Dreisigacker, S., 
Elekcio�lu, I.H., and Morgounov, A., Resistance of
winter wheat to Heterodera filipjevi in Turkey, 
Turk. J. Agric. Forest., 2014, vol. 38, pp. 180–6. doi: 
10.3906/tar-1305-47. 

26. Zhang, R., Feng, Y., Li, H., Yuan, H., Dai, J., 
Cao, A., Xing, L., and Li, H., Cereal cyst nematode 
resistance gene CreV effective against Heterodera 
filipjevi transferred from chromosome 6VL of Da-
sypyrum villosum to bread wheat, Mol. Breed., 2016, 
vol. 36, pp. 122. doi: 10.1007/s11032-016-0549-9.

27. Zhai X.G., Zhao T., Liu Y.H., Long, H., Deng, G.B.,
Pan, Z.F., and Yu, M.Q., Characterization and ex-
pression profiling of a novel cereal cyst nematode 
resistance gene analog in wheat, Mol. Biol., 2008,
vol. 42, no. 6, pp. 960–5. doi: 10.1134/S002689330-
8060186.

28. Kong, L.A., Wu, D.Q., Huang, W.K., Peng, H., 
Wang, G.-F., Cui, J.-K., Liu, S.-M., Li, Z.-G., 
Yang, J., and Peng, De-L., Large-scale identification 
of wheat genes resistant to cereal cyst nematode 
Heterodera avenae using comparative transcriptomic 
analysis, BMC Genomics, 2015, vol. 801, 18 p. doi: 
10.1186/s12864-015-2037-8.

29. Simonetti, E., Alba, E., Montes, M.J., Delibes, A., 
and López-Braña, I., Analysis of ascorbate peroxidase 
genes expressed in resistant and susceptible wheat 
lines infected by the cereal cyst nematode, Heterodera 
avenae, Plant Cell Rep., 2010, vol. 29, pp. 1169–78. 
doi: 10.1007/s00299-010-0903-z.

30. Moatamedi, M., Bazgir, E., Esfahani, M.N., and Dar-
vishnia, M., Genetic variation of bread wheat ac-
cessions in response to the cereal cyst nematode, 
Heterodera filipjevi, 2018, vol. 20, no. 9. doi: 10.
1163/15685411-00003181.

31. Yu, Y., Liu, H., Zhu, A., Zhang, G., Zeng, L., and
Xue, S., A Review of root lesion nematode: iden-
tification and plant resistance, Adv. Microbiol., 2012, 
vol. 2, no. 4, pp. 411–6. doi: 10.4236/aim.2012.24052. 

32. Smiley, R.W., Root-lesion nematodes: biology and 
management in pacific northwest wheat cropping 
systems, PNW Extension Bulletin, 2010, vol. 617, 
pp. 9. doi: 10.1146/annurev-phyto-080615-100257.

33. Fosu-Nyarko, J., Jones, M.G.K., Advances in under-
standing the molecular mechanisms of root lesion 
nematode host interactions, Annu. Rev. Phytopathol., 
2016, vol. 54, pp. 253–78. doi: 10.1146/annurev-
phyto-080615-100257.

34. Yan, G.P., Plaisance, A., Huang, D., Chowdhury, 
I.A., and Handoo, Z.A., First report of the new 
root-lesion nematode Pratylenchus sp. on soybean in 
North Dakota, Plant Disease, 2017, vol. 101, no. 8, 
pp. 1554. doi: 10.1094/PDIS-04-17-0594-PDN.

35. Zwart, R.S., Thompson, J.P., Sheedy, J.G., and Nel-
son, J.C., Mapping quantitative trait loci for resistance 
to Pratylenchus thornei from synthetic hexaploid 
wheat in the international Triticeae mapping initiative 
(ITMI) population, Austral. J. Agricult. Res., 2006, 
vol. 57, pp. 525–30. doi: 10.1071/AR05177.

36. Zwart, R.S., Thompson, P.J, Milgate, A.W., Bansal 
U.,K., Williamson, P.M., Raman, H., and Bariana, 
H.S., QTL mapping of multiple foliar disease and 
root-lesion nematode resistances in wheat. Mol. 
Breed., 2010, vol. 26, pp. 107–124. doi: 10.1007/
s11032-009-9381-9.



67ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2019. Ò. 53. ¹ 4

Ãåíåòè÷í³ ïåðåäóìîâè ñò³éêîñò³ ïøåíèö³ äî øêîäî÷èííèõ íåìàòîä

37. Williams, K., Taylor, S., Bogacki, P., Pallotta, M., 
Bariana, S., and Wallwork, H., Mapping of the root 
lesion nematode (Pratylenchus neglectus) resistance 
gene Rlnn1 in wheat, Theor. Appl. Genet., 2002, 
vol. 104, pp. 874–9. doi: 10.1007/s00122-001-0839-3.

38. Jayatilake, D.V., Tucker, E.J., Bariana, H., Kuchel, 
H., Edwards, J., McKay, A.C., Chalmers, K., and
Mather, D.E., Genetic mapping and marker deve-
lopment for resistance of wheat against the root 
lesion nematode Pratylenchus neglectus, BMC Plant 
Biol., 2013, vo. 13, pp. 230. doi: 10.1186/1471-2229-
13-230.

39. Ali, M.A., Azeem, F., Abbas, A., Joyia, F.A., Li, H.,
and Dababat, A.A., Transgenic strategies for enhan-
cement of nematode resistance in plants, Front. Plant
Sci., 2017. vol. 750, no 2. doi: 10.3389/fpls.2017.
00750.

40. Karelov, A.V., Kozub, N.A., Sozinov, I.A., Pyly-
penko, L.A., and Blume, Ya.B., Allelic state of the 
Cre8 gene conferring resistance to the nematode 
Heterodera avenae Woll. in common wheat cultivars 

of Ukrainian breeding, Factors in experimental evo-
lution of organisms, 2016. vol. 18, pp. 89–92. (in Uk-
rainian) 

Íàä³éøëà â ðåäàêö³þ 30.11.18
Ï³ñëÿ äîîïðàöþâàííÿ 12.01.19

Ïðèéíÿòà äî äðóêó 18.07.19

ÏÅÐÅË²Ê ÑÊÎÐÎ×ÅÍÜ

ISSR – inter simple sequence repeat – ðîçì³ùåíèé ì³æ 
ïðîñòèõ ïîâòîðþâàíèõ ïîñë³äîâíîñòåé (îáìåæåíèé 
ì³êðîñàòåë³òàìè)
RFLP – restriction fragment length polymorphism –
ïîë³ìîðô³çì íà îñíîâ³ äîâæèí ðåñòðèêö³éíèõ ôðàã-
ìåíò³â
SCAR – sequence characterized amplified region – 
õàðàêòåðíèé äëÿ ïîñë³äîâíîñò³ àìïë³ô³êîâàíèé ðå-
ã³îí
SSR – short sequence repeat – ïðîñòà ïîâòîðþâàíà 
ïîñë³äîâí³ñòü (ì³êðîñàòåë³ò)
STS – sequence-tagged site – ñàéò óí³êàëüíèé çà ïî-
ñë³äîâí³ñòþ
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