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Methylation of DNA promoter sequences at the CpG islands 
has become a molecular tool for gene regulation. NAC6D 
gene is induced by different biotic and abiotic stimuli. The 
proximal promoter sequence of NAC6D was investigated 
for the impact of CpG methylation on its expression in re-
sponse to high temperature in wheat. Gene expression was 
estimated by real time PCR and methylation of NAC6D 
promoter sequence was investigated by bisulfite sequencing. 
Results showed that NAC6D was highly induced by high 
temperature, whereas DNA methylatransferase 3 (Met3) 
was highly reduced by high temperature. Close investiga-
tion of NAC6D promoter methylation revealed that high 
temperature caused hypomehtylation of the proximal pro-
moter sequence. Twelve CpGsites showed low difference in 
methylation compared to the control (normal temperature, 
25 °C), while 3 CpGs(–59, –169, –204) were extremely 
hypomethylated in response to high temperature compared 
to their methylation status under the normal condition. The 
induction of NAC6D was negatively correlated with Met3 
suppression and methylation level at the CpG sites in the 
promoter region. Results prove that methylation greatly 
contribute to the regulation of NAC6D in response to high 
temperature. This will improve our current understanding of 
how plants respond to abiotic stresses at the molecular level 
and the integration of DNA methylation and epigenetics in 
the next generation plant breeding.

Key words: NAC6D, promoter, methylation, CpG, Wheat, 
epigenetic, DNA methyltransferases, epialleles.

ÐÅÃÓËßÖ²ß ÅÊÑÏÐÅÑ²¯ ÃÅÍÓ NAC6D 
Ó ÏØÅÍÈÖ² (TRITICUM AESTIVUM) 
ØËßÕÎÌ ÌÅÒÈËÞÂÀÍÍß CPG Ä²ËßÍÊÈ 
ÏÐÎÊÑÈÌÀËÜÍÎÃÎ ÏÐÎÌÎÒÅÐÀ ßÊ 
ÐÅÀÊÖ²ß ÍÀ ÂÈÑÎÊ² ÒÅÌÏÅÐÀÒÓÐÈ

Ìåòèëþâàííÿ ïðîìîòîðíèõ ïîñë³äîâíîñòåé ÄÍÊ ó
CpG îñòð³âöÿõ ñòàëî ìîëåêóëÿðíèì ³íñòðóìåíòîì 
ãåííî¿ ðåãóëÿö³¿. Ãåí NAC6D çàçíàº âïëèâó ð³çíèõ 
á³îòè÷íèõ òà àá³îòè÷íèõ ôàêòîð³â. Ïîñë³äîâí³ñòü 
ïðîêñèìàëüíîãî ïðîìîòåðà NAC6D âèâ÷àëè äëÿ
âñòàíîâëåííÿ âïëèâó ìåòèëþâàííÿ CpG íà éîãî
åêñïðåñ³þ ÿê ðåàêö³þ ïøåíèö³ íà âèñîê³ òåìïå-
ðàòóðè. Åêñïðåñ³þ ãåí³â îö³íþâàëè çà äîïîìîãîþ 
ÏËÐ ó ðåàëüíîìó ÷àñ³, à ìåòèëþâàííÿ ïîñë³äîâ-
íîñò³ ïðîìîòåðà NAC6D äîñë³äæóâàëè çà âèêîðèñ-
òàííÿ á³ñóëüô³òíîãî ñåêâåíóâàííÿ. Ðåçóëüòàòè ïðî-
äåìîíñòðóâàëè, ùî çà âïëèâó âèñîêî¿ òåìïåðàòóðè 
â³äáóâàëàñü çíà÷íà ³íäóêö³ÿ NAC6D òà ñóòòºâå 
çìåíøåííÿ ÄÍÊ-ìåòèëòðàíñôåðàçè 3 (Met3). Äå-
òàëüíå âèâ÷åííÿ ìåòèëþâàííÿ ïðîìîòåðà NAC6D
ïîêàçàëî, ùî âèñîêà òåìïåðàòóðà ñïðè÷èíÿëà ã³ïî-
ìåòèëþâàííÿ ïîñë³äîâíîñò³ ïðîêñèìàëüíîãî ïðîìî-
òåðà. Äâàíàäöÿòü ä³ëÿíîê CpG ïðîäåìîíñòðóâàëè 
ìåíøó ð³çíèöþ ùîäî ìåòèëþâàííÿ ïîð³âíÿíî ç 
êîíòðîëåì (íîðìàëüíà òåìïåðàòóðà, 25 °C), à 3 CpG 
(–59, –169, –204) áóëè ñóòòºâî ã³ïîìåòèëüîâàíèìè 
ó â³äïîâ³äü íà âèñîê³ òåìïåðàòóðè ïîð³âíÿíî ç ¿õ-
í³ì ñòàòóñîì ìåòèëþâàííÿ çà íîðìàëüíèõ óìîâ. 
²íäóêö³ÿ NAC6D ìàëà íåãàòèâíó êîðåëÿö³þ ç ð³â-
íåì ïðèãí³÷åííÿ òà ìåòèëþâàííÿ Met3 â CpG 
îñòð³âöÿõ ó ä³ëÿíö³ ïðîìîòåðà. Ðåçóëüòàòè äîâî-
äÿòü, ùî ìåòèëþâàííÿ çä³éñíþº çíà÷íèé âïëèâ íà 
ðåãóëÿö³þ NAC6D ó â³äïîâ³äü íà âèñîê³ òåìïåðà-
òóðè. Ö³ äàí³ ïîãëèáëÿòü íàø³ ïîòî÷í³ çíàííÿ ïðî 
òå, ÿê ðîñëèíè ðåàãóþòü íà àá³îòè÷í³ ñòðåñè íà 
ìîëåêóëÿðíîìó ð³âí³ òà íà ³íòåãðàö³þ ìåòèëþâàííÿ 
ÄÍÊ ³ åï³ãåíåòèêè ó ñåëåêö³þ ðîñëèí íàñòóïíîãî 
ïîêîë³ííÿ.

Êëþ÷îâ³ ñëîâà: NAC6D, ïðîìîòåð, ìåòèëþâàííÿ, 
CpG, ïøåíèöÿ, åï³ãåíåòè÷íèé, ìåòèëòðàíñôåðàçè 
ÄÍÊ, åï³àëåë³.
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