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Äîñë³äæåíî îðãàí³çàö³þ ïðîìîòîð³â ãåí³â-îðòîëîã³â 
ÒÔ DREB2B, ùî çàëó÷åí³ äî â³äïîâ³ä³ íà àá³îòè÷í³ 
ñòðåñè, ó ðîñëèíè-åêñòðåìîô³ëà D. antarctica E. Desv.
òà ùå 12 âèä³â çëàê³â ³ç ð³çíîþ õîëîäî- òà ïîñóõî-
ñò³éê³ñòþ. Åâîëþö³éí³ äèñòàíö³¿ ì³æ ïîñë³äîâíîñòÿ-
ìè ïðîìîòîð³â ó ñåðåäíüîìó ñòàíîâèëè 0,621, ì³æ 
êîäóâàëüíèìè ïîñë³äîâíîñòÿìè, âêëþ÷íî ç ³íòðîíà-
ìè, – 0,442, çíà÷åííÿ íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³ 
(�) öèõ ä³ëÿíîê ñòàíîâèëè 0,410 ³ 0,274, â³äïîâ³äíî. 
Êëàñòåðèçàö³ÿ ïîñë³äîâíîñòåé çàãàëîì â³äïîâ³äàëà 
ïðèéíÿòîìó ñèñòåìàòè÷íîìó ïîä³ëó ðîäèíè Poaceae 
íà ï³äðîäèíè. Âèÿâëåíî 54 öèñ-åëåìåíòè, çàëó÷åí³ äî 
â³äïîâ³ä³ íà ä³þ àá³îòè÷íèõ òà á³îòè÷íèõ ñòðåñ³â, 
ñâ³òëà, ãîðìîí³â, çîêðåìà àáñöèçîâî¿ êèñëîòè, àóê-
ñèíó, ìåòèëæàñìîíàòó, åòèëåíó, ã³áåðåë³íó òà ñàë³-
öèëîâî¿ êèñëîòè, òêàíèíîñïåöèô³÷í³ öèñ-åëåìåíòè. 
Âåëèêà ÷àñòêà çíàéäåíèõ öèñ-åëåìåíò³â áóëè ïîâ’ÿ-
çàí³ ³ç â³äïîâ³ääþ íà àá³îòè÷íèé ñòðåñ, ùî óçãîäæó-
ºòüñÿ ç äàíèìè ïðî ôóíêö³¿ ÒÔ DREB2B. Çà âèêëþ-
÷åííÿì îäèíè÷íèõ îñîáëèâîñòåé, ïðåäñòàâíèêè ð³çíèõ 
ï³äðîäèí çëàê³â òà D. antarctica áóëè ïîä³áíèìè çà çà-
ãàëüíèì íàáîðîì öèñ-åëåìåíò³â ó ñêëàä³ ïðîìîòîðà 
DREB2B, ùî ñâ³ä÷èòü ïðî ïîä³áí³ñòü ðåãóëÿö³¿ åêñïðå-
ñ³¿ öüîãî ãåíà ³ éîãî ïîòåíö³éíèõ ôóíêö³é ó â³äïîâ³ä³ íà 
ñòðåñ ó äîñë³äæåíèõ âèä³â.

Êëþ÷îâ³ ñëîâà: àá³îòè÷íèé òà á³îòè÷íèé ñòðåñ, 
òðàíñêðèïö³éí³ ôàêòîðè DREB2B, öèñ-åëåìåíòè, 
çëàêè.

Âñòóï. Ó ïðîöåñ³ åâîëþö³¿ ó ðîñëèí, ÿê³ âåäóòü 
ïðèêð³ïëåíèé ñïîñ³á æèòòÿ, ñôîðìóâàëèñÿ ð³ç-
íîìàí³òí³ ìîëåêóëÿðí³, êë³òèíí³ òà ô³ç³îëîã³÷-
í³ ìåõàí³çìè àäàïòàö³¿ äî âèæèâàííÿ ó íå-
ñïðèÿòëèâèõ óìîâàõ. Íàðàç³ íàêîïè÷åíî ³í-
ôîðìàö³þ ïðî âåëèêó ê³ëüê³ñòü ãåí³â, ÿê³ ³í-
äóêóþòüñÿ àá³îòè÷íèìè ñòðåñàìè òà çàáåçïå÷ó-

þòü ä³þ öèõ ìåõàí³çì³â (VanWallendael et al, 
2019). Ïîêàçàíî, ùî ö³ ãåíè êîíòðîëþº ñêëàä-
íà ìåðåæà òðàíñêðèïö³éíèõ ôàêòîð³â (ÒÔ). 
Ðåãóëÿö³ÿ åêñïðåñ³¿ ãåí³â â³äáóâàºòüñÿ øëÿõîì 
çâ’ÿçóâàííÿ ÒÔ ³ç öèñ-ðåãóëÿòîðíèìè åëåìåí-
òàìè – ñïåöèô³÷íèìè êîðîòêèìè ìîòèâàìè 
ÄÍÊ äîâæèíîþ 5–25 ï.í., ùî çíàõîäÿòüñÿ ó 
ïðîìîòîðíèõ ä³ëÿíêàõ ãåí³â. Âèâ÷åííÿ öèñ-
åëåìåíò³â äîçâîëÿº âèçíà÷èòè, ÿê³ ñàìå ðî-
äèíè ÒÔ çàëó÷åí³ äî ðåãóëÿö³¿ îêðåìèõ ãåí³â, 
à ïðè êîìïëåêñíîìó àíàë³ç³ íàáëèçèòèñÿ äî 
ðîçóì³ííÿ ñêëàäíî¿ ìåðåæ³ ðåàêö³é ðîñëèí íà 
ñòðåñ, òà âçàºìîä³¿ ð³çíèõ ñèãíàëüíèõ øëÿõ³â 
ï³ä ÷àñ àäàïòàö³¿ äî íåñïðèÿòëèâîãî ñåðåäîâèùà 
(Yamaguchi-Shinozaki and Shinozaki, 2005).

DREB (dehydration-responsive element-bin-
ding protein) º îäí³ºþ ç êëþ÷îâèõ ï³äðîäèí 
òðàíñêðèïö³éíèõ ôàêòîð³â (ÒÔ) ðîñëèí, ÿê³ 
ðåãóëþþòü åêñïðåñ³þ áàãàòüîõ ãåí³â â³äïîâ³ä³ 
íà àá³îòè÷íèé ñòðåñ. Öÿ ï³äðîäèíà íàëåæèòü 
äî ðîäèíè ÒÔ AP2/ERF (APETALA2/ethylene-
responsive element binding factor) òà ðîçä³ëåíà
íà 6 ãðóï íà îñíîâ³ ïîä³áíîñò³ ÄÍÊ-çâ’ÿçó-
âàëüíîãî äîìåíó. Êëþ÷îâèìè ãðóïàìè ÒÔ, ùî 
çàä³ÿí³ ó â³äïîâ³ä³ íà ñòðåñè, º DREB2, CBF/
DREB1 ³ DREB4. Çàãàëîì â³äîìî, ùî ãåíè ÒÔ 
ç ãðóï CBF/DREB1 ³ DREB4 ³íäóêóþòüñÿ õî-
ëîäîì, â òîé ÷àñ ÿê àêòèâàö³ÿ ãåí³â DREB2 â³ä-
áóâàºòüñÿ ï³ä âïëèâîì çíåâîäíåííÿ ³ çàñîëåí-
íÿ ãðóíòó. Âîäíî÷àñ äîñë³äæåííÿ ðåãóëÿòîðíèõ 
ìåðåæ ïîêàçóþòü, ùî áàãàòî ç öèõ ñèãíàëüíèõ 
øëÿõ³â ïåðåêðèâàþòüñÿ, òàêîæ º ïîâ³äîìëåííÿ 
ïðî ³íäóêö³þ îêðåìèõ ãåí³â ³ç ãðóïè DREB2, 
ãîëîâíèì ÷èíîì îðòîëîã³â DREB2B, ï³ä âïëè-
âîì õîëîäîâîãî ³ òåïëîâîãî ñòðåñó (Nakashima 
et al, 2009). ÒÔ DREB òà ¿õ ôóíêö³¿ áóëè øèðîêî 
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âèâ÷åí³ ó ð³çíèõ âèä³â ðîñëèí (Erpen et al, 
2018; Singh et al, 2021; Feng et al, 2020), îä-
íàê ¿õ ðåãóëÿö³ÿ òà öèñ-åëåìåíòè ïðîìîòîð³â, à 
òàêîæ íóêëåîòèäíà ð³çíîìàí³òí³ñòü äîñë³äæåí³ 
íåäîñòàòíüî.

Äîñë³äæåííÿ ïðîìîòîð³â ìàº íå ëèøå ôóí-
äàìåíòàëüíå çíà÷åííÿ äëÿ ðîçóì³ííÿ ðåãóëÿö³¿ 
åêñïðåñ³¿ ãåí³â ó ðîñëèí, àëå ³ çíàõîäèòü ïðè-
êëàäíå çàñòîñóâàííÿ ó ãåíí³é ³íæåíåð³¿. Êîíñ-
òèòóòèâíà åêñïðåñ³ÿ ãåí³â â³äïîâ³ä³ íà ñòðåñ 
ìîæå ïðèçâåñòè äî ïðèãí³÷åííÿ ðîñòó òà àíî-
ìàëüíî¿ ìîðôîëîã³¿. Íàòîì³ñòü åêñïðåñ³ÿ öèõ 
ãåí³â ó òðàíñãåííèõ ðîñëèí ï³ä êîíòðîëåì ñòðåñ-
³íäóêîâàíèõ ïðîìîòîð³â çíà÷íî ïîêðàùóº ñò³é-
ê³ñòü áåç çàòðèìêè ðîçâèòêó, ùî çîêðåìà ïî-
êàçàíî ³ äëÿ ÒÔ DREB (Kovalchuk et al, 2013).

Ðàí³øå ìè ïåðåäáà÷èëè in silico òà ïðîàíà-
ë³çóâàëè íóêëåîòèäí³ ïîñë³äîâíîñò³ äâîõ ãåí³â 
ÒÔ ç ãðóïè DREB2 Deschampsia antarctica Å. Desv. 
(Poaceae) – DaDREB2A ³ DaDREB2B. Çîêðåìà 
â äðóãîìó åêçîí³ ãåíà DaDREB2B ìè âèÿâèëè 
òî÷êîâó ìóòàö³þ, íàñë³äêîì ÿêî¿ º óòâîðåííÿ 
íîâîãî ñòàðò-êîäîíó, ùî ñòâîðþº ïåðåäóìîâè 
äëÿ êîìïåíñàö³¿ ìåõàí³çìó ðåãóëþâàííÿ åêñïðå-
ñ³¿ øëÿõîì àëüòåðíàòèâíîãî ñïëàéñèíãó, ÿêèé
º êîíñåðâàòèâíèì äëÿ áàãàòüîõ ãåí³â-îðòîëîã³â 
³íøèõ çëàê³â (Bublyk et al, 2016).

D. antarctica – îäèí ³ç äâîõ âèä³â êâ³òêîâèõ 
ðîñëèí, ÿê³ ïðèñòîñóâàëèñÿ äî âèæèâàííÿ â 
ìîðñüê³é Àíòàðêòèö³, ùî õàðàêòåðèçóºòüñÿ äó-
æå íåñïðèÿòëèâèìè óìîâàìè – íèçüêèìè òåì-
ïåðàòóðàìè, âèñîêîþ çàñîëåí³ñòþ ´ðóíòó òà äå-
ô³öèòîì äîñòóïíî¿ âîäè (Bertini et al, 2021). Öåé 
âèä º ïåðñïåêòèâíèì îá’ºêòîì äëÿ âèâ÷åííÿ 
ïðèñòîñóâàíü ðîñëèí äî àá³îòè÷íèõ ñòðåñ³â 
(Parnikoza et al, 2011; Ozheredova et al, 2015). 
Òàêîæ äî ïîð³âíÿëüíîãî äîñë³äæåííÿ áóëî çà-
ëó÷åíî 12 âèä³â çëàê³â ³ç ð³çíîþ õîëîäî- òà 
ïîñóõîñò³éê³ñòþ ç òðüîõ ï³äðîäèí (Pooideae, Pa-
nicoideae òà Oryzoideae), ÿê³ çðîñòàþòü â ð³çíèõ 
óìîâàõ äîâê³ëëÿ.

Ìåòîþ ðîáîòè áóâ àíàë³ç ïðîìîòîðíèõ ä³-
ëÿíîê ãåí³â-îðòîëîã³â ³ç ãðóïè DREB2B çà 
äîïîìîãîþ á³î³íôîðìàòè÷íî-ô³ëîãåíåòè÷íîãî 
ï³äõîäó ó D. antarctica òà ³íøèõ çëàê³â – âèâ-
÷åííÿ íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³, ïîøóê 
íàÿâíèõ öèñ-åëåìåíò³â ³ âèÿâëåííÿ ïîòåíö³é-
íèõ îñîáëèâîñòåé ðåãóëÿö³¿.

Ìàòåð³àëè ³ ìåòîäè. Ïîøóê ôðàãìåíò³â ïðî-
ìîòîðíî¿ ïîñë³äîâíîñò³ äîâæèíîþ 1000 ï.í., ÿêà 

çíàõîäèòüñÿ ïåðåä ãåíîì DaDREB2B, ïðîâîäè-
ëè çà äîïîìîãîþ ïðîãðàìè BLAST (Camacho
et al, 2009) â àðõ³â³ SRA (sequence read archive)
³ç áàçè äàíèõ GenBank (http://www.ncbi.nlm.nih.
gov/genbank/), ùî ì³ñòèòü äàí³ ðîçøèôðóâàííÿ 
ãåíîìíî¿ ÄÍÊ D. antarctica (SRX465632) (Lee 
et al, 2014). Ïîñë³äîâí³ñòü ãåíà DaDREB2B áóëà 
îïèñàíà íàìè ðàí³øå (Bublyk et al, 2016). Çáè-
ðàííÿ ïîñë³äîâíîñò³ ïðîìîòîðà ³ç ôðàãìåíò³â 
àðõ³âó SRA øëÿõîì «íàðîùóâàííÿ» âæå ³ñíóþ-
÷î¿ ïîñë³äîâíîñò³ ãåíà â íàïðÿìêó 5�-ê³íöÿ âè-
êîíóâàëè çà äîïîìîãîþ ìîäóëÿ ContigExpress 
ïðîãðàìè VectorNTI («InforMax», ÑØÀ).

Ó áàç³ äàíèõ ïðîñèêâåíîâàíèõ ãåíîì³â Gen-
Bank çà äîïîìîãîþ ïðîãðàìè BLAST çä³éñíèëè 
ïîøóê ïðîìîòîðíèõ ïîñë³äîâíîñòåé DREB2B 
äëÿ ùå 11 çëàê³â (ó äóæêàõ âêàçàíî íîìåð àð-
õ³âó): Hordeum vulgare (LR721633.1), Secale cere-
ale (FKKI010531596.1), Brachypodium distachyon 
(CM000881.3), Setaria viridis (CP050797.1), Se-
taria italica (CM003530.1), Cenchrus americanus 
(CM007982.2), Zea mays (LR618881.1), Sorghum 
bicolor (CM000768.3), Oryza sativa (NC_029260_
1), Oryza coarctata (WLYV01012334.1), Oryza of-
ficinalis (BDMV01000005.1). Äëÿ âèä³â, ó ÿêèõ 
íå áóëè îïèñàí³ ãåíè-îðòîëîãè DREB2B, ïðî-
âåëè ïîøóê ïîâíèõ ïîñë³äîâíîñòåé ãåí³â. ßê 
ðåôåðåíñí³ ïîñë³äîâíîñò³ çàñòîñîâóâàëè ãåíè 
Hordeum vulgare HvDRF1.3 (AY223807.1), Zea 
mays ZmDREB2A (JF915834.1), Sorghum bicolor 
SbDREB2 (JF915838.1) ³ Oryza sativa OsDREB2B 
(JF915842.1), ïðåäñòàâëåí³ ó GenBank. Ïîñë³-
äîâíîñò³ ãåíà ³ ïðîìîòîðà Aegilops tauschii (KF
731663.1) âçÿò³ ç ðîáîòè (Tavakol et al, 2014).

Âèð³âíþâàííÿ íóêëåîòèäíèõ ïîñë³äîâíîñ-
òåé çà àëãîðèòìîì MUSCLE (Edgar, 2004),
ðîçðàõóíîê åâîëþö³éíèõ äèñòàíö³é â³äïîâ³äíî
äî ìîäåë³ íàéá³ëüøî¿ êîìá³íîâàíî¿ ïðàâäî-
ïîä³áíîñò³ (maximum composite likelihood) ç óðà-
õóâàííÿì ê³ëüêîñò³ íóêëåîòèäíèõ çàì³í íà 
ïîçèö³þ (Tamura et al, 2004) òà íàñòóïíó êëàñ-
òåðèçàö³þ ìåòîäîì îá’ºäíàííÿ íàéáëèæ÷èõ 
ñóñ³ä³â (neighbor-joining) (Saitou and Nei, 1987) 
ïðîâîäèëè ó ïðîãðàì³ MEGAX (Kumar et al, 
2018). Êîäóâàëüíó ä³ëÿíêó ãåíà àíàë³çóâàëè
âêëþ÷íî ç ³íòðîíàìè. Çà äîïîìîãîþ ïðîãðà-
ìè DnaSP 6 (Rozas et al, 2017) ðîçðàõîâóâàëè 
ê³ëüê³ñòü ïîë³ìîðôíèõ ñàéò³â (òàêèõ, ùî ñå-
ãðåãóþòü) (S), çíà÷åííÿ íóêëåîòèäíî¿ ð³çíî-
ìàí³òíîñò³ (�) (Nei, 1987), à òàêîæ ãðàô³ê ¿¿ 
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ðîçïîä³ëó âçäîâæ íóêëåîòèäíî¿ ïîñë³äîâíîñò³ ç 
ïàðàìåòðàìè: äîâæèíà êîâçàþ÷îãî â³êíà ðîç-
ðàõóíê³â – 100 ïîçèö³é, ðîçì³ð êðîêó – 25 
ïîçèö³é, ïîçèö³¿ ç ïðîá³ëàìè íå âðàõîâàí³. Ïî-
øóê öèñ-åëåìåíò³â ó ïîñë³äîâíîñòÿõ ïðîìîòî-
ð³â ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìè Plant-
Care (Lescot et al, 2002).

Ðåçóëüòàòè. Äîñë³äæåííÿ ïîë³ìîðô³çìó íóê-
ëåîòèäíèõ ïîñë³äîâíîñòåé ãåí³â DREB2B çëàê³â.
Äîñë³äæåíî ïîë³ìîðô³çì ïðîìîòîð³â òà êîäó-
âàëüíèõ ïîñë³äîâíîñòåé ãåí³â-îðòîëîã³â DREB2B 
ó 13 çëàê³â ³ç ð³çíîþ õîëîäî- òà ïîñóõîñò³éê³ñòþ
(äèâ. òàáë. 1). Åâîëþö³éí³ äèñòàíö³¿, âèçíà÷åí³
ìåòîäîì íàéá³ëüøî¿ êîìá³íîâàíî¿ ïðàâäîïî-
ä³áíîñò³ â îäèíèöÿõ ê³ëüêîñò³ íóêëåîòèäíèõ 
çàì³í íà ïîçèö³þ, ì³æ ïðîìîòîðíèìè ïîñë³-
äîâíîñòÿìè ãåí³â DREB2B äîñë³äæåíèõ âèä³â 
ñòàíîâèëè 0,004–0,906, ó ñåðåäíüîìó 0,621; äè-
ñòàíö³¿ ì³æ êîäóâàëüíèìè ïîñë³äîâíîñòÿìè áó-
ëè ìåíøèìè ³ ñòàíîâèëè 0,012–0,618, ó ñå-
ðåäíüîìó 0,442 (òàáë. 1).

Íà äåíäðîãðàì³, ïîáóäîâàí³é ìåòîäîì îá’ºä-
íàííÿ íàéáëèæ÷èõ ñóñ³ä³â íà îñíîâ³ åâîëþö³é-
íèõ äèñòàíö³é ì³æ ïðîìîòîðíèìè ïîñë³äîâíîñ-
òÿìè ãåí³â-îðòîëîã³â DREB2B, ñôîðìóâàëèñÿ 
òðè êëàñòåðè, ùî â³äïîâ³äàëè ï³äðîäèíàì ðî-
äèíè Poaceae: Pooideae (D. antarctica, H. vulgare, 

Ae. tauschii, S. cereale, B. distachyon), Oryzoideae 
(O. sativa, O. coarctata, O. officinalis) òà Panicoideae 
(S. italica, S. viridis, C. americanus, Z. mays, S. 
bicolor) (ðèñ. 1, à). Ïîä³áíó êàðòèíó êëàñòåðèçà-
ö³¿ îòðèìàíî ³ äëÿ êîäóâàëüíèõ ïîñë³äîâíîñòåé 
öèõ ãåí³â (ðèñ. 1, á).

Çíà÷åííÿ íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³ (�) 
äëÿ ïðîìîòîð³â òà êîäóâàëüíèõ ïîñë³äîâíîñ-
òåé ãåí³â DREB2B çëàê³â â³äïîâ³äíî ñòàíîâè-
ëè 0,410 ³ 0,274. Ê³ëüê³ñòü ïîë³ìîðôíèõ ñàé-
ò³â (òàêèõ, ùî ñåãðåãóþòü) (S) ñòàíîâèëà 332 ³ 
1103 â³äïîâ³äíî. Ãðàô³ê ðîçïîä³ëó íóêëåîòèäíî¿ 
ð³çíîìàí³òíîñò³ âçäîâæ ïîñë³äîâíîñòåé ãåí³â 
DREB2B äåìîíñòðóº òó æ òåíäåíö³þ – âèùå 
ð³çíîìàí³òòÿ ïðîìîòîðíèõ ä³ëÿíîê. Êð³ì òîãî,
íà íüîìó âèäíî ä³ëÿíêè ãåíà ç âèùèì ïîë³-
ìîðô³çìîì, ÿê³ â³äïîâ³äàþòü ³íòðîíàì, òà ç
íèæ÷èì, ÿê³ â³äïîâ³äàþòü åêçîíàì òà êîíñåð-
âàòèâíèì ÄÍÊ-çâ’ÿçóâàëüíîìó AP2/ERF-äî-
ìåíó òà õàðàêòåðíèì ìîòèâàì. Ðîçïîä³ë íóê-
ëåîòèäíî¿ ð³çíîìàí³òíîñò³ âçäîâæ ïðîìîòîð-
íèõ ä³ëÿíîê òàêîæ íåîäíîð³äíèé, ïîä³áí³ñòü 
ïðîìîòîð³â ó ö³ëîìó çðîñòàº ³ç íàáëèæåííÿì 
äî ñòàðò-êîäîíó (ðèñ. 2). Ïîðÿä ³ç ïîïåðåäí³ì 
ï³äõîäîì, çä³éñíåíèì çà ïðèíöèïîì â³êíà ðîç-
ðàõóíê³â, ìè îá÷èñëèëè çíà÷åííÿ íóêëåîòèä-
íî¿ ð³çíîìàí³òíîñò³ äëÿ ïðîìîòîðíèõ ïî-

Òàáëèöÿ 1. Åâîëþö³éí³ äèñòàíö³¿ ì³æ ïðîìîòîðíèìè ïîñë³äîâíîñòÿìè ãåí³â-îðòîëîã³â DREB2B (ï³ä ä³àãîíàëëþ) 
òà êîäóâàëüíèìè ïîñë³äîâíîñòÿìè (íàä ä³àãîíàëëþ) ó 13 âèä³â Poaceae

Ïðèì³òêà. Ïîçíà÷åííÿ âèä³â: Da – Deschampsia antarctica, Hv – Hordeum vulgare, Aet – Aegilops tauschii, Sc – 
Secale cereale, Bd – Brachypodium distachyon, Si – Setaria italica, Sv – Setaria viridis, Ca – Cenchrus americanus, 
Zm – Zea mays, Sb – Sorghum bicolor, Os – Oryza sativa, Oc – Oryza coarctata, Oo – Oryza officinalis

Âèäè Da Hv Aet Sc Bd Si Sv Ca Zm Sb Os Oc Oo

Da
Hv
Aet
Sc
Bd
Si
Sv
Ca
Zm
Sb
Os
Oc
Oo

–
0,509
0,492
0,481
0,672
0,605
0,603
0,629
0,624
0,631
0,688
0,586
0,607

0,312
–

0,421
0,449
0,771
0,669
0,669
0,696
0,753
0,642
0,741
0,727
0,680

0,293
0,195

–
0,326
0,671
0,642
0,637
0,608
0,668
0,639
0,737
0,702
0,645

0,319
0,196
0,105

–
0,737
0,648
0,641
0,674
0,694
0,753
0,762
0,722
0,708

0,347
0,350
0,332
0,352

–
0,736
0,733
0,684
0,768
0,698
0,906
0,811
0,767

0,549
0,546
0,536
0,561
0,527

–
0,004
0,316
0,466
0,420
0,716
0,641
0,611

0,559
0,553
0,543
0,570
0,527
0,012

–
0,313
0,466
0,418
0,711
0,636
0,614

0,564
0,547
0,526
0,553
0,535
0,115
0,113

–
0,495
0,473
0,721
0,602
0,572

0,576
0,586
0,586
0,618
0,551
0,328
0,329
0,352

–
0,441
0,714
0,726
0,653

0,573
0,578
0,574
0,603
0,561
0,299
0,298
0,317
0,183

–
0,676
0,682
0,626

0,474
0,482
0,474
0,479
0,452
0,501
0,502
0,527
0,547
0,546

–
0,628
0,496

0,469
0,460
0,459
0,471
0,444
0,500
0,505
0,529
0,560
0,543
0,209

–
0,557

0,464
0,472
0,464
0,470
0,431
0,496
0,495
0,527
0,537
0,534
0,089
0,192

–



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

Î.Ì. Áóáëèê, ².Î. Àíäðººâ, Â.À. Êóíàõ

ñë³äîâíîñòåé ð³çíî¿ äîâæèíè. Çíà÷åííÿ � äëÿ 
ïðîìîòîðà, ïî÷àòîê ÿêîãî çíàõîäèòüñÿ â³ä ñòàðò-
êîäîíà íà â³äñòàí³ 900 ï.í. ñòàíîâèëî 0,385, 
800 ï.í. – 0,400, 700 ï.í. – 0,400, 600 ï.í. – 0,350,
500 ï.í. – 0,332, 400 ï.í. – 0,306, 300 ï.í. – 0,336,
200 ï.í. – 0,333, 100 ï.í. – 0,340. Êîëèâàííÿ ð³âíÿ
ð³çíîìàí³òíîñò³ ÷àñòêîâî ïîâ’ÿçàí³ ³ç íàÿâí³ñòþ

³íñåðö³é ³ äåëåö³é ó îêðåìèõ ïðîìîòîðàõ, âíàñë³-
äîê ÷îãî êîðîòø³ ïîñë³äîâíîñò³ âèð³âíþþòüñÿ 
ã³ðøå. Íàéêðàùå âèð³âíþâàëèñÿ ïîñë³äîâíîñò³ 
äîâæèíîþ áëèçüêî 400 ï.í.

Àíàë³ç öèñ-åëåìåíò³â ïðîìîòîð³â. Àíàë³ç in 
silico ïðîìîòîð³â ãåí³â-îðòîëîã³â DREB2B, ïðî-
âåäåíèé çà äîïîìîãîþ ïðîãðàìè PlantCare (Les- 

Ðèñ. 1. Äåíäðîãðàìà ïîáóäîâàíà ìåòîäîì îá’ºäíàííÿ íàéáëèæ÷èõ ñóñ³ä³â çà åâîëþö³éíèìè äèñòàíö³ÿìè 
ì³æ ïîñë³äîâíîñòÿìè: a – ïðîìîòîð³â ãåí³â-îðòîëîã³â DREB2B, á – ¿õ êîäóâàëüíèõ ä³ëÿíîê ó ð³çíèõ âèä³â. 
Ðîçøèôðîâêó ñêîðî÷åíü âèäîâèõ íàçâ íàâåäåíî ó ïðèì³òö³ äî òàáë. 1. Äóæêàìè ïîçíà÷åíî êëàñòåðè, ùî 
â³äïîâ³äàþòü ï³äðîäèíàì: 1 – Pooideae, 2 – Oryzoideae, 3 – Panicoideae

Ðèñ. 2. Ãðàô³ê ðîçïîä³ëó íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³ � âçäîâæ ïîñë³äîâíîñòåé ãåí³â-îðòîëîã³â DREB2B 13 
âèä³â çëàê³â. Ïîëîæåííÿ ñòàðò-êîäîíó ïîçíà÷åíî ç³ðî÷êîþ (1469–1471 ï.í.)
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Òàáëèöÿ 2. Òèïè òà ê³ëüê³ñòü öèñ-åëåìåíò³â ó ïðîìîòîðàõ îðòîëîã³â DREB2B ð³çíèõ âèä³â çëàê³â
(ïåðåë³ê âèä³â òà ñêîðî÷åííÿ äèâ. òàáë. 1)

Öèñ-åëåìåíò

Ï³äðîäèíà, âèä

Pooideae Panicoideae Oryzoideae

Da Hv Aet Sc Bd Si Sv Ca Zm Sb Os Oc Oo

Åëåìåíòè êîðîâîãî ïðîìîòîðà

CAAT-áîêñ
TATA-áîêñ

2
15

8
6

11
5

10
9

8
2

9
2

9
2

8
3

5
15

10
17

10
16

8
6

8
4

Â³äïîâ³äü íà àá³îòè÷íèé ³ á³îòè÷íèé ñòðåñ

ABRE
ARE
CCAAT-áîêñ
CGTCA-ìîòèâ
DRE
ERE
GC-ìîòèâ
JERE
LTR
MYB
MYC
P-box 
STRE
TCA-åëåìåíò
TGACG-ìîòèâ (as-1)
W-áîêñ
WRE3
WUN-ìîòèâ
Áîêñ S

8

2

1

1

1

1
3
1
2

7

1
2
2

2
2

5
1
2

8

3
1

1
2
1

2

3

9
1
1
3
2

1

3
1

1

3
1

5
1
1
5
1

2
1

1

5

4

1
2

1

3

2

2

1

4

1
2

1

3

2

2

1

6
2

1
1

5
1

2

1
1
1

1

3
2
2
1

4
1

1
1

5
1

1

2
1
1
2

1

1

1

1
2
1

1

1
2

1

1
1
1

1

2
2
4

1

1

1
3

1

1

1
1

2
2
1

1

Â³äïîâ³äü íà ñâ³òëî

A-áîêñ
AE-áîêñ
ATC-ìîòèâ
ATCT-ìîòèâ
chs-CMA1a
GA-ìîòèâ
Gap-áîêñ
GATA-ìîòèâ
GATT-ìîòèâ
GT1-ìîòèâ
G-áîêñ
I-áîêñ
MRE
Sp1
TCCC-ìîòèâ
Áîêñ 4

1

6

2
1
1

6

1

3

1
1

6

1

1

8
1

1

1
3 4

1

4

1

1

5

1
1

1

3

2

1

4

4

1

1

1

1
2

1
1

1
2

1
1
1

1
1

3
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Öèñ-åëåìåíò

Ï³äðîäèíà, âèä

Pooideae Panicoideae Oryzoideae

Da Hv Aet Sc Bd Si Sv Ca Zm Sb Os Oc Oo

Ð³ñò òà ðîçâèòîê

AC-I
AC-II
AuxRR-êîð
CAT-box
GCN4_ìîòèâ
dOCT
MSA-ïîä³áíèé
O2-ñàéò
RY-åëåìåíò
TGA-áîêñ
TGA-åëåìåíò

1

1

1
1

1

1
1

1

1

1

1

1

1
1
1

1

1
1
1

1

2

1

1

1
1

1
1

1
1
1

1

1

1
1

1

1

Öèðêàäíèé

circadian 1

²íøèé

5UTR Py-çáàãà÷åíà ïî-
ñë³äîâí³ñòü
Çàãàëüíà ê³ëüê³ñòü òèï³â 17 18 17 19 14 16 16 19

1

16 20 18 21 17

Ïðîäîâæåííÿ òàáë. 2 

Ïðèì³òêà. Ïîñë³äîâíîñò³ öèñ-åëåìåíò³â: 5�UTR Py-çáàãà÷åíà ïîñë³äîâí³ñòü –TTTCTCTCCTCTTTTTCCTC, 
A-áîêñ – CCGTCC, ABRE – ACGTG, CACGTG, TACGTG, CACGTA, CGCACGTGTC, CCACGTGG, 
TACGGTC, GCAACGTGTC, AACCCGG, GACACGTGGC, AC-I – (T/C)C(T/C)(C/T)ACC(T/C)ACC, AC-
II – TCACCAACCCCC, AE-áîêñ – AGAAACTT, ARE – AAACCA, ATC-ìîòèâ – AGTAATCT, ATCT-
ìîòèâ – AATCTAATCC, AuxRR-êîð – GGTCCAT, Áîêñ 4 – ATTAAT, Áîêñ S – AGCCACC, CAAT-áîêñ –
CAAT, CCAAT, CAAAT, CAT-áîêñ – GCCACT, CCAAT-áîêñ – CAACGG, CGTCA-ìîòèâ – CGTCA, 
chs-CMA1a – TTACTTAA, circadian – CAAAGATATC, dOCT – CACGGATC, DRE – A/GCCGAC, ERE –
ATTTTAAA, GA-ìîòèâ – ATAGATAA, Gap-áîêñ – CAAATGAA(A/G)A, GATA-ìîòèâ – GATAGGA, 
GATT-ìîòèâ – CTCCTGATTAGC, G-áîêñ – CACGTT, CACGTG, TACGTG, ACACGTG(G/t)CACC, 
TAACACGTAG, GCCACGTGGA, CACGTC, ACACGTG(G/t)CACC, CACGAC, CACGTC, ACACGTGGC, 
CAGACGTGGCA, ACACGTGGC, TACGTG, CAGACGTGGCA, tgACACGTGGCA, GC-ìîòèâ – CCCCCG, 
GCN4_ìîòèâ – TGAGTCA, GT1-ìîòèâ – GGTTAA, GGTTAAT, I-áîêñ – cCATATCCAAT, AGATAAGG, 
JERE – AGACCGCC, LTR – CCGAAA, MRE – AACCTAA, MSA-ïîä³áíèé – (T/C)C(T/C)AACGG(T/C)
(T/C)A, MYB – CAACAG, CAACCA, CCGTTG, TAACCA, CAACTG, TAACTG, MYC – CATTTG, CATGTG, 
CAATTG, O2-ñàéò – GATGACATGG, GTTGACGTGA, P-áîêñ – CCTTTTG, RY-åëåìåíò – CATGCATG, 
Sp1 – GGGCGG, STRE – AGGGG, TATA-áîêñ – ATTATA, TATAA, TATA, TATATAA, TATATA, ATATAA, 
ATATAT, TATATA, TATACA, tcTATAAATAgg, TAAAGATT, TACAAAA, ccTATAAAaa, TATAAAAT, TATAAA, 
TATAAAA, TATAAGAA, TATAAAT, TCA-åëåìåíò – CCATCTTTTT, TCAGAAGAGG, TCATCTTCAT, 
TCCC-ìîòèâ – TCTCCCT, TGA-áîêñ – TGACGTAA, TGACG-ìîòèâ (as-1) – TGACG, TGA-åëåìåíò – 
AACGAC, W-áîêñ – TTGACC, WRE3 – CCACCT, WUN-ìîòèâ – AAATTTCCT, TTATTACAT, AAATTTCTT, 
AAATTACT.

cot et al, 2002), âèÿâèâ 54 öèñ-åëåìåíòè. Ó ð³çíèõ 
âèä³â ó ïðîìîòîðàõ âèÿâëåíî â³ä 14 äî 21 öèñ-

åëåìåíòà (âêàçàíî ê³ëüê³ñòü òèï³â, íåçàëåæíî 
â³ä ê³ëüêîñò³ êîï³é äàíîãî öèñ-åëåìåíòà) (òàáë.
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2). Öèñ-åëåìåíòè ç íåâ³äîìîþ ôóíêö³ºþ íå 
ðîçãëÿäàëè.

Áóëî âèÿâëåíî ïî äåê³ëüêà åëåìåíò³â êî-
ðîâîãî ïðîìîòîðà – TATA-áîêñ³â (òàáë. 2), ÿê³ 
º ì³ñöåì çâ’ÿçóâàííÿ ôàêòîðà ³í³ö³àö³¿ òðàí-
ñêðèïö³¿ TFIID. Âîíè áóëè çíàéäåí³ íå ëèøå ó 
ä³ëÿíö³ êîðîâîãî ïðîìîòîðà, àëå ³ â éîãî ïðî-
êñèìàëüíèõ òà äèñòàëüíèõ ÷àñòèíàõ. Ó ôóíê-
ö³îíàëüí³é ïîçèö³¿ ïðîìîòîðà ãåí³â DREB2B 
(ïðèáëèçíî çà 25–30 ï.í. äî òî÷êè ïî÷àòêó 
òðàíñêðèïö³¿) TATA-áîêñè áóëè çíàéäåí³ ó ïå-
ðåâàæíî¿ á³ëüøîñò³ âèä³â, çà âèêëþ÷åííÿì O. 
sativa. Ó öüîãî âèäó ïîñë³äîâí³ñòü ÒATAAA, òè-
ïîâà äëÿ ³íøèõ äîñë³äæåíèõ çëàê³â, ó êîðîâ³é 
÷àñòèí³ ïðîìîòîðà çàì³íåíà íà GATAAA.

²íø³ åëåìåíòè êîðîâî¿ ÷àñòèíè ïðîìîòîðà –
CAAT-áîêñè, ùî çàçâè÷àé çíàõîäÿòüñÿ çà 80 ï.í.
ïåðåä òî÷êîþ ïî÷àòêó òðàíñêðèïö³¿, ó äîñë³ä-
æåíèõ îðòîëîã³â DREB2B áóëè âèÿâëåí³ ëèøå 
ó ïðîêñèìàëüíèõ òà äèñòàëüíèõ ä³ëÿíêàõ ïðî-
ìîòîðà.

Òàêîæ ó ñêëàä³ ïðîìîòîð³â ãåí³â-îðòîëîã³â 
DREB2B áóëî çíàéäåíî 52 ³íøèõ òèïè öèñ-
åëåìåíò³â (òàáë. 2). Äëÿ çðó÷íîñò³ àíàë³çó ìè
ðîçä³ëèëè ¿õ íà ãðóïè, ùî àñîö³éîâàí³ ³ç 
â³äïîâ³ääþ íà àá³îòè÷í³ òà á³îòè÷í³ ñòðåñè, 
ñâ³òëî, ³ç ïðîöåñàìè ðîñòó ³ ðîçâèòêó, òà öèð-
êàäí³, õî÷à äåÿê³ öèñ-åëåìåíòè ìîæíà áóëî 
â³äíåñòè äî ê³ëüêîõ ãðóï.

²ç â³äïîâ³ääþ íà àá³îòè÷í³ òà á³îòè÷í³ ñòðå-
ñè áóëè ïîâ’ÿçàí³ äåâ’ÿòíàäöÿòü öèñ-åëåìåíò³â. 
Äî ö³º¿ ãðóïè ìè â³äíåñëè öèñ-åëåìåíòè, ÷óòëè-
â³ äî ãîðìîí³â, çàä³ÿíèõ ó â³äïîâ³ä³ íà ñòðåñ, –
àáñöèçîâî¿ êèñëîòè (Emenecker and Strader, 
2020) (ABRE), ìåòèëæàñìîíàòó (Xiaxia et al, 
2018) (CGTCA-ìîòèâ, TGACG-ìîòèâ (as-1)), 
åòèëåíó (Dubois et al, 2018) (ERE), ñàë³öèëîâî¿ 
êèñëîòè (Zhang and Li, 2019; Mohamed et al, 
2020) (TCA-åëåìåíò) ³ ã³áåðåë³íó (Binenbaum 
et al, 2018) (P-áîêñ). Êð³ì òîãî, áóëè âèÿâëåí³ 
öèñ-åëåìåíòè, ïîâ’ÿçàí³ ç ðåàêö³ºþ íà àíîê-
ñ³þ (ARE, GC-ìîòèâ), íà íèçüê³ òåìïåðàòóðè 
(LTR), íà ñïåêó, îñìîòè÷íèé ñòðåñ òà áðàê 
ïîæèâíèõ ðå÷îâèí (STRE); ñàéòè çâ’ÿçóâàííÿ 
ÒÔ MYBHv1 (CCAAT-áîêñ), ÒÔ DREB (DRE), 
ÒÔ MYB (MYB), ÒÔ MYC (MYC) òà ÒÔ 
WRKY (W áîêñ); öèñ-åëåìåíòè, àñîö³éîâàí³ ç 
ä³ºþ ïàòîãåí³â (Áîêñ S, JERE) òà ïîðàíåííÿì 
(Áîêñ S, WRE3, WUN-ìîòèâ). Ñåðåä íèõ JERE 
÷óòëèâèé äî æàñìîíîâî¿ êèñëîòè, à W-áîêñ – 

äî ã³áåðåë³íó. Îñîáëèâ³ñòþ öèñ-åëåìåíò³â ³ç 
ö³º¿ ãðóïè º òå, ùî áàãàòî ç íèõ çóñòð³÷àëèñÿ 
ó ïðîìîòîðàõ á³ëüøîñò³ äîñë³äæåíèõ âèä³â, 
ïðè÷îìó â³äð³çíÿëèñÿ çà ëîêàë³çàö³ºþ. Òàê 
CGTCA-ìîòèâ, MYB òà TGACG-ìîòèâ (as-1) 
áóëè çíàéäåí³ â óñ³õ âèä³â, ABRE òà STRE – â 
îäèíàäöÿòè, MYC – ó äåâ’ÿòè, CCAAT-áîêñ –
ó âîñüìè âèä³â.

Äðóãà ãðóïà âêëþ÷àëà ñ³ìíàäöÿòü öèñ-åëå-
ìåíò³â, ïîâ’ÿçàíèõ ³ç â³äïîâ³ääþ íà ñâ³òëî (A-
áîêñ, AE-áîêñ, ATC-ìîòèâ, ATCT-ìîòèâ, Áîêñ
4, chs-CMA1a, GA-ìîòèâ, Gap-áîêñ, GATA-ìî-
òèâ, GATT-ìîòèâ, G-áîêñ, GT1-ìîòèâ, I-áîêñ, 
MRE, Sp1, TCCC-ìîòèâ). Öèñ-åëåìåíòè ç ö³º¿ 
ãðóïè çíàéäåíî ó âñ³õ âèä³â, ïðîòå îêðåì³ ¿õ 
òèïè çóñòð³÷àëèñÿ ó ïðîìîòîðàõ ëèøå îäíîãî-
ï’ÿòè âèä³â, îêð³ì G-áîêñà, ÿêèé áóâ ïðèñóò-
í³ì ó îäèíàäöÿòè âèä³â.

Áóëî âèÿâëåíî îäèíàäöÿòü öèñ-åëåìåíò³â, 
çàëó÷åíèõ äî ðåãóëÿö³¿ ðîñòó òà ðîçâèòêó: ÷óò-
ëèâ³ äî àóêñèíó (Emenecker and Strader, 2020) 
(AuxRR-êîð, TGA-áîêñ, TGA-åëåìåíò); ïîâ’ÿ-
çàí³ ç òêàíèíî-ñïåöèô³÷íîþ åêñïðåñ³ºþ ãåí³â, 
çîêðåìà â ñóäèííèõ åëåìåíòàõ (AC-I, AC-II), 
ó ìåðèñòåì³ (CAT-áîêñ, dOCT), â åíäîñïåðì³ 
(GCN4-ìîòèâ); ç ó÷àñòþ ó ðåãóëÿö³¿ êë³òèí-
íîãî öèêëó (MSA-ïîä³áíèé), ç ó÷àñòþ ó ðåãó-
ëÿö³¿ ìåòàáîë³çìó çå¿íó (O2-ñàéò), ç ðåãóëÿö³-
ºþ â íàñ³íí³ (RY-åëåìåíò). Íàéïîøèðåí³øèì 
áóâ CAT-áîêñ, ÿêèé çóñòð³÷àâñÿ ó îäèíàäöÿòè 
âèä³â, ðåøòà öèñ-åëåìåíò³â áóëè çíàéäåí³ ó 
îäíîãî-øåñòè âèä³â. Ó B. distachyon íå âèÿâ-
ëåíî öèñ-åëåìåíò³â ³ç ö³º¿ ãðóïè.

Äîäàòêîâî ó Z. mays âèÿâëåíî îäèí öèñ-
åëåìåíò, ïîâ’ÿçàíèé ³ç ðåãóëÿö³ºþ öèðêàäíèõ 
ðèòì³â (circadian), òà îäèí öèñ-åëåìåíò, ïîâ’ÿ-
çàíèé ç âèñîêèì ð³âíåì òðàíñêðèïö³¿ (5�UTR 
Py-çáàãà÷åíà ïîñë³äîâí³ñòü).

Ó D. antarctica áóëè âèÿâëåí³ öèñ-åëåìåíòè 
êîðîâîãî ïðîìîòîðà TATA-áîêñ ³ CAAT-áîêñ. 
Çíàéäåíî íèçêó öèñ-åëåìåíò³â, ïîâ’ÿçàíèõ ³ç 
ãîðìîíàìè ³ ñòðåñîì: àáñöèçîâîþ êèñëîòîþ 
(ABRE), ìåòèëæàñìîíàòîì (CGTCA-ìîòèâ, 
TGACG-ìîòèâ (as-1)), åòèëåíîì (ERE), ã³áåðå-
ë³íîì (P-áîêñ), ñàë³öèëîâîþ êèñëîòîþ (TCA-
åëåìåíò), àóêñèíîì (TGA-áîêñ, TGA-åëåìåíò), 
ñàéò çâ’ÿçóâàííÿ ÒÔ MYB, öèñ-åëåìåíò STRE, 
ïîâ’ÿçàíèé ³ç ðåàêö³ºþ íà ñïåêó, îñìîòè÷íèé 
ñòðåñ òà áðàê ïîæèâíèõ ðå÷îâèí. Âèÿâëåíî 
óí³êàëüíèé äëÿ äîñë³äæåíî¿ âèá³ðêè JERE, 
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àñîö³éîâàíèé ³ç ðåàêö³ºþ íà ïàòîãåíè òà æàñ-
ìîíîâó êèñëîòó. Öèñ-åëåìåíòè, çàä³ÿí³ ó â³ä-
ïîâ³ä³ íà ñâ³òëî, ïðåäñòàâëåí³ GATA-ìîòèâîì 
³ G-áîêñîì. Òêàíèíîñïåöèô³÷í³ öèñ-åëåìåíòè 
CAT-áîêñ, dOCT îáèäâà ïîâ’ÿçàí³ ç åêñïðåñ³-
ºþ ó ìåðèñòåì³. Çàãàëîì âèÿâëåíî 17 òèï³â öèñ-
åëåìåíò³â. Ó ãðóï³ àñîö³éîâàíèõ ³ç ñòðåñîì öèñ-
åëåìåíò³â áóëè â³äñóòí³ CCAAT-áîêñ, DRE ³ 
MYC, õàðàêòåðí³ äëÿ áàãàòüîõ ³íøèõ âèä³â ³ç 
äîñë³äæåíî¿ âèá³ðêè.

Ïîøèðåí³ öèñ-åëåìåíòè ó äåÿêèõ âèïàäêàõ 
áóëè êîëîêàë³çîâàí³ ó ñïîð³äíåíèõ âèä³â ³ç âè-
ñîêîþ ïîä³áí³ñòþ ïîñë³äîâíîñòåé ïðîìîòîð³â 
(ðèñ. 1), ïðîòå æîäåí ç íèõ íå áóâ êîëîêàë³çî-
âàíèé â óñ³õ âèä³â. Âèÿâëåíî ëèøå îäèí öèñ-
åëåìåíò, õàðàêòåðíèé äëÿ îêðåìî¿ ï³äðîäèíè
çëàê³â, – WUN-ìîòèâ ó Oryzoideae. Áóëè çíà-
éäåí³ 12 óí³êàëüíèõ äëÿ îêðåìèõ âèä³â öèñ-
åëåìåíòè: JERE ó D. antarctica, chs-CMA1a ³ 
GA-ìîòèâ ó Ae. tauschii, AC-I ³ Gap-áîêñ ó O. 
coarctata, AC-II ó S. cereale, ATC-ìîòèâ ³ MSA-
ïîä³áíèé ó H. vulgare, Circadian ³ 5UTR Py-
çáàãà÷åíà ïîñë³äîâí³ñòü ó Z. Mays, GATT-ìîòèâ 
ó O. officinalis, GCN4_motif ó O. sativa.

Îáãîâîðåííÿ. Ïîð³âíÿëüíå äîñë³äæåííÿ íóêëå-
îòèäíî¿ ð³çíîìàí³òíîñò³ (�) ïðîìîòîð³â òà êîäó-
âàëüíèõ ïîñë³äîâíîñòåé ãåí³â-îðòîëîã³â DREB2B
òðèíàäöÿòè çëàê³â ³ç ï³äðîäèí Pooideae, Oryzo-
ideae ³ Panicoideae ïîêàçàëî çàãàëüíó â³äïîâ³ä-
í³ñòü ð³âíÿ ïîä³áíîñò³ íóêëåîòèäíèõ ïîñë³äîâ-
íîñòåé òà åâîëþö³éíî¿ ñïîð³äíåíîñò³ âèä³â 
(ðèñ. 1). Îòðèìàí³ íàìè çíà÷åííÿ íóêëåîòèä-
íî¿ ð³çíîìàí³òíîñò³ áóëè ïîð³âíÿíí³ ³ç äàíè-
ìè, îòðèìàíèìè ó äîñë³äæåíí³ (Filiz and Tom-
bulo�lu, 2014).

Àíàë³ç ðîçïîä³ëó íóêëåîòèäíî¿ ð³çíîìàí³ò-
íîñò³ � âçäîâæ ïîñë³äîâíîñòåé ãåí³â DREB2B 
ïîêàçàâ âèùå ð³çíîìàí³òòÿ ïðîìîòîðíèõ ä³ëÿ-
íîê, ÿêå çìåíøóâàëîñÿ ³ç íàáëèæåííÿì äî 
ñòàðò-êîäîíó (ðèñ. 2). Âèÿâëåíî â³äì³ííîñò³ çà
ð³âíåì ð³çíîìàí³òíîñò³ ì³æ îêðåìèìè ä³ëÿí-
êàìè ãåíà, à ñàìå ïîë³ìîðôíèìè ³íòðîíàìè, 
á³ëüø êîíñåðâàòèâíèìè åêçîíàìè òà âèñîêî-
êîíñåðâàòèâíèì ÄÍÊ-çâ’ÿçóâàëüíèì AP2/ERF-
äîìåíîì òà õàðàêòåðíèìè ìîòèâàìè. Öå óçãî-
äæóºòüñÿ ç ë³òåðàòóðíèìè äàíèìè, çà ÿêèìè 
íåêîäóâàëüí³ îáëàñò³ ìàëè âèùó íóêëåîòèäíó
ð³çíîìàí³òí³ñòü ïîð³âíÿíî ç êîäóâàëüíèìè (Al-
ves et al, 2018). Ó ñêëàä³ ïðîìîòîð³â ð³çíèõ âèä³â 
íàéâèùó ïîä³áí³ñòü ìàëà ä³ëÿíêà äîâæèíîþ 

áëèçüêî 400 ï.í. ïåðåä ñòàðò-êîäîíîì. ²ìîâ³ð-
íî, öå ïîâ’ÿçàíî ³ç ¿¿ âàæëèâèì çíà÷åííÿì äëÿ 
ðåãóëÿö³¿ ãåíà. Ó äîñë³äæåíí³ (Walther et al, 
2007) ÷àñòèíó ïðîìîòîðà äîâæèíîþ 500 ï.í., 
ÿêà ðîçòàøîâàíà ïåðåä ñòàðò-êîäîíîì, áóëî âè-
çíà÷åíî ÿê íàéâàæëèâ³øó äëÿ êîíòðîëþ åêñ-
ïðåñ³¿ íà îñíîâ³ íàéâèùî¿ ïîçèòèâíî¿ êîðåëÿ-
ö³¿ ì³æ øèðîòîþ â³äïîâ³ä³ ãåíà òà ê³ëüê³ñòþ 
öèñ-åëåìåíò³â.

Á³î³íôîðìàòè÷íèé àíàë³ç ïðîìîòîð³â ãåí³â-
îðòîëîã³â DREB2B òðèíàäöÿòè çëàê³â âèÿâèâ 
çàãàëîì 54 öèñ-åëåìåíòè, ñåðåä ÿêèõ ÷èñëåíí³ 
åëåìåíòè êîðîâîãî ïðîìîòîðà TATA- ³ CAAT-
áîêñè. Ó ôóíêö³îíàëüí³é ïîçèö³¿ TATA-áîêñè 
áóëè çíàéäåí³ ó ïåðåâàæíî¿ á³ëüøîñò³ ãåí³â. 
Â³äîìî, ùî TATA-áîêñ ï³äâèùóº øâèäê³ñòü ³ 
ïëàñòè÷í³ñòü ðåãóëÿö³¿ ãåí³â ³ ÷àñòî çóñòð³÷àº-
òüñÿ ó ñòðåñ-³íäóêîâàíèõ ãåíàõ (Roelofs et al, 
2010). ßê ³ ó íàøîìó äîñë³äæåíí³, º äàí³ ùîäî 
íàÿâíîñò³ ÷èñëåííèõ êîï³é TATA-áîêñ³â ó ïðî-
ìîòîðàõ ³íøèõ ãåí³â â³äïîâ³ä³ íà ñòðåñ, ÿê³ 
ðîçì³ùåí³ ïî âñ³é äîâæèí³ ïðîìîòîðà (Yue et 
al, 2019). CAAT-áîêñè áóëè âèÿâëåí³ ëèøå ó 
ïðîêñèìàëüíèõ òà äèñòàëüíèõ ä³ëÿíêàõ ïðî-
ìîòîðà.

Ñåðåä ðåøòè öèñ-åëåìåíò³â íàéá³ëüøó ãðóïó 
ñêëàëè åëåìåíòè, çàä³ÿí³ ó â³äïîâ³ä³ íà ñòðåñ. 
Áàãàòî ç íèõ çóñòð³÷àëèñÿ ó á³ëüøîñò³ âèä³â 
íàøî¿ âèá³ðêè ó ê³ëüêîõ êîï³ÿõ. Íàñè÷åí³ñòü 
äîñë³äæåíèõ ïðîìîòîð³â öèñ-åëåìåíòàìè ³ç äà-
íî¿ ãðóïè äîáðå óçãîäæóºòüñÿ ç ôóíêö³ºþ ãå-
í³â DREB2B – â³äïîâ³äü íà àá³îòè÷í³ ñòðåñè. Ó 
ë³òåðàòóð³ ïîêàçàíî ¿õ ³íäóêö³þ ï³ä ä³ºþ ïîñó-
õè, çàñîëåííÿ, âèñîêèõ ³ íèçüêèõ òåìïåðàòóð 
(Xue and Loveridge, 2004; Qin et al, 2007; Li et al, 
2014; Herath, 2016; Akbudak et al, 2018).

Äî ö³º¿ ãðóïè íàëåæàòü öèñ-åëåìåíòè ABRE, 
ïîâ’ÿçàí³ ³ç ðåãóëÿö³ºþ åêñïðåñ³¿ àáñöèçîâîþ 
êèñëîòîþ (ÀÊ), ÿêà â³ä³ãðàº âàæëèâó ðîëü ó
â³äïîâ³ä³ ðîñëèí íà ïîñóõó òà çàñîëåííÿ, ³ 
ìîæå ³íäóêóâàòè äåÿê³ ãåíè â³äïîâ³ä³ íà õîëîä 
(Emenecker and Strader, 2020). Çà ë³òåðàòóðíè-
ìè äàíèìè, äëÿ òðàíñêðèïö³¿, ³íäóêîâàíî¿ ÀÊ, 
îäí³º¿ êîï³¿ ABRE íåäîñòàòíüî, íåîáõ³äí³ àáî 
äîäàòêîâ³ êîï³¿, àáî ³íø³ åëåìåíòè, ùî ä³þòü 
ñóì³ñíî ç íèìè (Nakashima et al, 2009). Íàÿâ-
í³ñòü ê³ëüêîõ ABRE ó ïðîìîòîðàõ ãåí³â DRE2B 
ïðåäñòàâíèê³â Pooideae ³ Panicoideae ñâ³ä÷èòü 
ïðî ïîòåíö³éíó ðîëü ÀÊ ó ðåãóëÿö³¿ åêñïðåñ³¿ 
öèõ ÒÔ.
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Ïîð³âíÿëüíèé àíàë³ç ïðîìîòîð³â ãåí³â òðàíñêðèïö³éíèõ ôàêòîð³â DREB2B ó Deschampsia antarctica

Ó ïðîìîòîðàõ DREB2B ÷àñòèíè âèä³â, àëå 
íå ó D. antarctica, áóëî âèÿâëåíî öèñ-åëåìåíò 
DRE – ñàéò çâ’ÿçóâàííÿ ÒÔ DREB. Ó A. thalia-
na ïîêàçàíî ðåãóëÿö³þ åêñïðåñ³¿ äåÿêèõ ãåí³â 
DREB ÒÔ-÷ëåíàìè ò³º¿ æ ðîäèíè: CBF2/DREB1C 
º íåãàòèâíèì ðåãóëÿòîðîì CBF1/DREB1B òà 
CBF3/DREB1A, à ìóòàíòè cbf2 á³ëüø òîëåðàíò-
í³ äî ð³çíèõ àá³îòè÷íèõ ñòðåñ³â (Novillo et al, 
2004). Â³äñóòí³ñòü öüîãî öèñ-åëåìåíòà ó D. an-
tarctica òà äåÿêèõ ³íøèõ äîñë³äæåíèõ âèä³â 
ìîæå ñâ³ä÷èòè ïðî â³äñóòí³ñòü ó íèõ íåãàòèâíî¿ 
ðåãóëÿö³¿ DREB2B òðàíñêðèïö³éíèìè ôàêòî-
ðàìè DREB.

Ó âñ³õ äîñë³äæåíèõ âèä³â ó ïðîìîòîðàõ áóëè 
âèÿâëåí³ öèñ-åëåìåíòè MYB, ó á³ëüøîñò³ ïî 
ê³ëüêà êîï³é. Òàêîæ ó á³ëüøîñò³ âèä³â çíàéäåí³ 
öèñ-åëåìåíòè MYC (òàáë. 2). Öå ìîæå âêàçó-
âàòè íà âàæëèâó ðîëü ÒÔ MYB ³ MYC ó ðåãó-
ëÿö³¿ äîñë³äæåíèõ ãåí³â DREB2B. Çà ë³òåðàòóð-
íèìè äàíèìè ö³ ÒÔ ðåãóëþþòü åêñïðåñ³þ ãåí³â 
DREB òàêîæ ³ â ³íøèõ âèä³â. ICE1 – ÒÔ òèïó 
MYC àêòèâóº åêñïðåñ³þ CBF/DREB1 ó â³äïî-
â³äü íà íèçüê³ òåìïåðàòóðè, à MYB15 ïðèãí³-
÷óº åêñïðåñ³þ DREB1/CBF ³ çíèæóº ìîðîçî-
ñò³éê³ñòü ó A.thaliana (Nakashima et al, 2009).

Ó âñ³õ äîñë³äæåíèõ âèä³â çíàéäåíî CGTCA-
³ TGACG-(as-1) ìîòèâè, ÿê³ ïîâ’ÿçàí³ ç ðåàê-
ö³ºþ íà ìåòèëæàñìîíàò. Æàñìîíîâà êèñëîòà 
òà ¿¿ ïîõ³äí³, òàê³ ÿê ìåòèëæàñìîíàò, â³ä³ãðà-
þòü âàæëèâó ðîëü ó ðåàêö³¿ ðîñëèí íà àá³îòè÷-
í³ ñòðåñè: õîëîä, ñïåêó, ïîñóõó, âàæê³ ìåòàëè, 
îñìîòè÷íèé, îçîíîâèé, ñîëüîâèé òà ÓÔ-ñòðå-
ñîâ³ ÷èííèêè. Âîíè òàêîæ çàä³ÿí³ â ðåãóëÿö³¿ 
â³äïîâ³ä³ íà ïàòîãåíè, ð³çíèõ ô³ç³îëîã³÷íèõ 
ïðîöåñàõ òà ïðîöåñàõ ðîçâèòêó, çîêðåìà ³í-
äóêö³¿ ñòàð³ííÿ, ïðèãí³÷åíí³ ðîñòó, ðîçâèòêó 
êâ³òêè, äîçð³âàíí³ ïëîä³â òà ³í. (Xiaxia et al, 
2018; Wang et al, 2020). Æàñìîíàòè ìîäóëþ-
þòü ³íäóêö³þ êàñêàäó CBF/DREB1 ó A. tha-
liana, O. sativa, Solanum lycopersicum, Musa accu-
minata (Per et al, 2018). Ó ïðîìîòîð³ DaDRE2B 
íà äîäà÷ó äî âèùåçãàäàíèõ ìîòèâ³â íàìè âè-
ÿâëåíî öèñ-åëåìåíò JERE, ïîâ’ÿçàíèé ç ðåàê-
ö³ºþ íà æàñìîíîâó êèñëîòó òà åë³ñèòîðè. Îòæå, 
ïîòåíö³éíî öåé ÒÔ ùå á³ëüø çàëåæíèé â³ä 
ðåãóëÿö³¿ æàñìîíàòàìè.

Ó âñ³õ äîñë³äæåíèõ âèä³â ó ïðîìîòîðàõ ãå-
í³â DRE2B áóëî çíàéäåíî öèñ-åëåìåíòè, ïî-
â’ÿçàí³ ³ç â³äïîâ³ääþ íà ñâ³òëî. Ó âèùèõ ðîñ-
ëèí ïðîäåìîíñòðîâàíî âçàºìîä³þ øëÿõ³â â³ä-

ïîâ³ä³ íà ñâ³òëî ³ àá³îòè÷íèé ñòðåñ. Ó A. thaliana 
ñâ³òëîâèé ñèãíàë³íã, îïîñåðåäêîâàíèé ô³òî-
õðîìîì, â³ä³ãðàº âàæëèâó ðîëü â ðåãóëÿö³¿ ³í-
äóêîâàíî¿ õîëîäîì åêñïðåñ³¿ ãåí³â çà ó÷àñò³ öèñ-
åëåìåíòà DRE (Kim et al, 2002). Àíàëîã³÷íî, 
åêñïðåñ³ÿ WDreb2 ó T. aestivum ïðè íèçüêèõ 
òåìïåðàòóðàõ ïîñèëþºòüñÿ íà ñâ³òë³ ³ ïðèãí³-
÷óºòüñÿ ó òåìðÿâ³ (Egawa et al, 2006). Íàé-
á³ëüø ïîøèðåíèì öèñ-åëåìåíòîì ³ç ö³º¿ ãðó-
ïè áóâ G-áîêñ, ê³ëüêà êîï³é ÿêîãî ì³ñòè-
òüñÿ ó ïðîìîòîð³ DREB2B âèä³â ï³äðîäèí Pooi-
deae ³ Panicoideae, îäíó êîï³þ âèÿâëåíî ó O. 
officinalis. Ïîêàçàíî, ùî â³í òàêîæ áåðå ó÷àñòü 
ó íèçö³ àá³îòè÷íèõ òà á³îòè÷íèõ â³äïîâ³äåé 
(Zhang et al, 2019).

Íàÿâí³ñòü ÷èñëåííèõ öèñ-åëåìåíò³â ó ïðî-
ìîòîðàõ DREB2B çëàê³â ñâ³ä÷èòü ïðî ³ñíóâàííÿ 
ñêëàäíî¿ ìåðåæ³ ðåãóëÿö³¿ öèõ ÒÔ çà ä³¿ àá³î-
òè÷íèõ òà á³îòè÷íèõ ñòðåñ³â ³ çîâí³øí³õ ÷èí-
íèê³â, çîêðåìà ñâ³òëà. Ïðîòå âàðòî çàçíà÷èòè, 
ùî îäí³º¿ ëèøå íàÿâíîñò³ ìîòèâ³â öèñ-åëåìåí-
ò³â íåäîñòàòíüî äëÿ âèçíà÷åííÿ ì³ñöü çâ’ÿçó-
âàííÿ ÒÔ. Çíà÷íèé âïëèâ íà ¿õ ïîëîæåííÿ ìà-
þòü ³íø³ ÷èííèêè, íàïðèêëàä âòîðèííà ñòðóê-
òóðà íóêëåîòèäíî¿ ïîñë³äîâíîñò³, ùî îòî÷óº 
öèñ-åëåìåíò, à òàêîæ ïðèñóòí³ñòü ³íøèõ öèñ-
åëåìåíò³â, ùî ôóíêö³îíóþòü ñóì³ñíî (Yama-
guchi-Shinozaki and Shinozaki, 2005), òîìó ïè-
òàííÿ ðåãóëÿö³¿ ÒÔ DREB2B ó çëàê³â ïîòðåáó-
þòü ïîäàëüøèõ ïîãëèáëåíèõ äîñë³äæåíü.

Äëÿ âèâ÷åííÿ îñîáëèâîñò³ ðåãóëÿö³¿ DREB2B
ó ð³çíèõ âèä³â ìè ïîð³âíÿëè 13 çëàê³â ³ç òðüîõ 
ï³äðîäèí, ïðèñòîñîâàíèõ äî ð³çíèõ óìîâ äîâ-
ê³ëëÿ. ×ëåíè ï³äðîäèíè Pooideae (D. antarctica, 
H. vulgare, Ae. tauschii, S. cereale, B. distachyon) 
çðîñòàþòü ó ïîì³ðíèõ øèðîòàõ ³ º õîëîäîñò³é-
êèìè (Schubert et al, 2019). Ñåðåä íèõ ìîäåëü-
íèé âèä B. distachyon ïîøèðåíèé ïåðåâàæíî 
íà Ñåðåäíüîìó Ñõîä³ òà â Ñåðåäçåìíîìîð’¿ ³ 
òîìó íå ïðèñòîñîâàíèé äî åêñòðåìàëüíîãî 
çèìîâîãî êë³ìàòó (Neji et al, 2021). Äîñë³äæåí³ 
âèäè ï³äðîäèíè Panicoideae (S. italica, S. viridis, 
C. americanus, Z. mays, S. bicolor) òà Oryzoideae 
(O. sativa, O. coarctata, O. officinalis) ïîõîäÿòü ³ç 
òðîï³÷íèõ ðåã³îí³â ³ º óðàçëèâèìè äî õîëîäó. Ç 
íèõ âèäè ï³äðîäèíè Panicoideae á³ëüø ñò³éê³ 
äî ïîñóõè ³ âèñîêèõ òåìïåðàòóð (Pardo and 
VanBuren, 2021).

Ìè íå âèÿâèëè çàãàëüíèõ â³äì³ííîñòåé ó 
íàáîð³ öèñ-åëåìåíò³â, ïðèñóòí³õ ó ïðîìîòîðàõ 
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DREB2B, ì³æ ïðåäñòàâíèêàìè ï³äðîäèí çëàê³â 
³ç ð³çíîþ õîëîäî- òà ïîñóõîñò³éê³ñòþ, âîíè 
â³äð³çíÿëèñÿ ëèøå çà îêðåìèìè öèñ-åëåìåí-
òàìè. Öå ñâ³ä÷èòü ïðî ïîä³áí³ñòü ðåãóëÿö³¿ 
åêñïðåñ³¿ öèõ ãåí³â ³ ¿õ ïîòåíö³éíèõ ôóíêö³é ó 
â³äïîâ³ä³ íà ñòðåñ ó äîñë³äæåíèõ âèä³â.

Ìîæëèâî, öå ïîâ’ÿçàíî ³ç òèì, ùî ðåãó-
ëÿö³ÿ DREB2B â³äáóâàºòüñÿ ïåðåâàæíî øëÿõîì
àëüòåðíàòèâíîãî ñïëàéñèíãó òà ïîñòòðàíñëÿ-
ö³éíèõ ìîäèô³êàö³é, òàêèõ ÿê ôîñôîðèëþ-
âàííÿ ³ ñóìî¿ëþâàííÿ (Qin et al, 2007; Matsu-
kura et al, 2010; Herath, 2016).

Îñîáëèâ³ñòþ ï³äðîäèíè Oryzoideae áóëà â³ä-
ñóòí³ñòü ó ïðîìîòîðàõ DREB2B õàðàêòåðíèõ 
äëÿ ðåøòè ï³äðîäèí ê³ëüêîõ êîï³é ABRE. Öå
ìîæå ñâ³ä÷èòè ïðî â³äñóòí³ñòü ìåõàí³çì³â ðå-
ãóëÿö³¿ çà ÀÊ-çàëåæíèì øëÿõîì, ÿêèé ó ãåí³â-
îðòîëîã³â äåÿêèõ âèä³â â³äïîâ³äàº çà õîëîäîâó 
³íäóêö³þ ãåíà íà â³äì³íó â³ä àêòèâàö³¿ ï³ä 
ä³ºþ òåïëîâîãî ñòðåñó, ïîñóõè ³ çàñîëåííÿ, 
ÿêà º ÀÊ-íåçàëåæíîþ. ²íäóêö³ÿ ÀÊ çîêðåìà 
ïîêàçàíà äëÿ HvDRF1 ó H. vulgare (Xue and 
Loveridge, 2004), WDreb2 ó T. aestivum (Egawa 
et al, 2006) òà SiARDP ó S. italica (Li et al, 2014). 
Ï³äòâåðäæåííÿì öüîãî ôàêòà º çíàéäåí³ íàìè 
äåê³ëüêà êîï³é ABRE â ïðîìîòîðàõ DREB2B 
H. vulgare, S. italica òà Ae. tauschii, ÿêèé º îä-
íèì ç òðüîõ ïðåäêîâèõ âèä³â T. aestivum. Íà 
ïðîòèâàãó öüîìó ïîêàçàíî, ùî ó êóêóðóäçè ÀÊ 
íå ³íäóêóº åêñïðåñ³þ ZmDREB2A, õî÷à îñòàííÿ 
â³äáóâàºòüñÿ ó â³äïîâ³äü íà õîëîäîâèé ñòðåñ, à 
íå ëèøå íà ï³äâèùåíó òåìïåðàòóðó, ïîñóõó òà 
çàñîëåííÿ (Qin et al, 2007). Ó íàøîìó àíàë³ç³ 
ìè òàêîæ âèÿâèëè ó ïðîìîòîð³ öüîãî ãåíà öèñ-
åëåìåíò ABRE, õî÷à ³ ìåíøó ê³ëüê³ñòü êîï³é 
ïîð³âíÿíî ç ³íøèìè âèäàìè.

Ïîä³áíî äî ABRE, åëåìåíò G-áîêñ ó ïðåä-
ñòàâíèê³â Oryzoideae áóâ â³äñóòí³é àáî ïðè-
ñóòí³é ó ìåíø³é ê³ëüêîñò³ êîï³é, ùî òàêîæ 
ìîæå áóòè ïîâ’ÿçàíî ç íèæ÷îþ ñòðåñîñò³é-
ê³ñòþ ö³º¿ ðîäèíè. Ö³êàâî â³äì³òèòè, ùî íàé-
á³ëüøå êîï³é G-box, à ñàìå 8, â ïðîìîòîð³
ScDREB2B âèÿâëåíî ó S. cereale – âèäó ç äóæå
âèñîêîþ õîëîäî- òà ïîñóõîñò³éê³ñòþ, òà ñò³é-
ê³ñòþ äî íèçêè çàõâîðþâàíü, òàêèõ ÿê áîðîø-
íèñòà ðîñà, ñòåáëîâà, ëèñòêîâà ³ æîâòà ³ðæà 
(Jung and Seo, 2019).

Ïðîìîòîð DaDREB2B D. antarctica çà çà-
ãàëüíèì íàáîðîì öèñ-åëåìåíò³â âèÿâèâñÿ òè-

ïîâèì ñåðåä ³íøèõ çëàê³â, ìè íå çíàéøëè 
îñîáëèâîñòåé â éîãî îðãàí³çàö³¿, ÿê³ ìîãëè á 
êàðäèíàëüíî çì³íèòè ðåãóëÿö³þ ãåíà ó öüîãî 
âèäó çà ä³¿ ñòðåñîâèõ ÷èííèê³â. Îòæå, ÿêùî 
â åêïðåñ³¿ DaDREB2B ³ ³ñíóþòü ÿê³ñü îñîáëè-
âîñò³, âîíè íàé³ìîâ³ðí³øå ïîâ’ÿçàí³ ç ³íøèìè 
ðåãóëÿòîðíèìè ìåõàí³çìàìè íà ð³âí³ ñïëàé-
ñèíãó ÐÍÊ òà ïîñòðàíñëÿö³éíèõ ìîäèô³êàö³é.

Âèñíîâêè. Ïîð³âíÿëüíèé àíàë³ç íóêëåîòèä-
íî¿ ð³çíîìàí³òíîñò³ ïðîìîòîð³â òà êîäóâàëüíèõ 
ïîñë³äîâíîñòåé ãåí³â-îðòîëîã³â DREB2B òðè-
íàäöÿòè çëàê³â ³ç ï³äðîäèí Pooideae, Oryzoideae 
³ Panicoideae, ùî â³äð³çíÿþòüñÿ çà õîëîäî- òà 
ïîñóõîñò³éê³ñòþ, ïîêàçàâ, ùî åâîëþö³éí³ äèñ-
òàíö³¿ ì³æ ïîñë³äîâíîñòÿìè ïðîìîòîð³â ó ñå-
ðåäíüîìó ñêëàëè 0,621, ì³æ êîäóâàëüíèìè ïî-
ñë³äîâíîñòÿìè, âêëþ÷íî ç ³íòðîíàìè – 0,442; 
çíà÷åííÿ íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³ (�) â³ä-
ïîâ³äíî ñêëàëè 0,410 ³ 0,274. Âèÿâëåíî çàãàëü-
íó â³äïîâ³äí³ñòü ì³æ ð³âíåì ïîä³áíîñò³ öèõ 
íóêëåîòèäíèõ ïîñë³äîâíîñòåé òà åâîëþö³éíîþ 
ñïîð³äíåí³ñòþ âèä³â. Ïîêàçàíî, ùî ïðîìîòîðí³ 
ä³ëÿíêè ìàþòü âèùó íóêëåîòèäíó ð³çíîìàí³òí³ñòü, 
à ¿õ ïîä³áí³ñòü çðîñòàº ³ç íàáëèæåííÿì äî 
ñòàðò-êîäîíó. Âèÿâëåíî â³äì³ííîñò³ çà ð³â-
íåì íóêëåîòèäíî¿ ð³çíîìàí³òíîñò³ ì³æ îêðå-
ìèìè ä³ëÿíêàìè ãåíà, à ñàìå ïîë³ìîðôíèìè 
³íòðîíàìè, á³ëüø êîíñåðâàòèâíèìè åêçîíàìè 
òà âèñîêîêîíñåðâàòèâíèì ÄÍÊ-çâ’ÿçóâàëüíèì 
AP2/ERF-äîìåíîì òà õàðàêòåðíèìè ìîòèâà-
ìè. Àíàë³ç ðåãóëÿòîðíèõ åëåìåíò³â ó ñêëàä³ 
ïðîìîòîð³â DREB2B äîñë³äæåíèõ âèä³â çëàê³â 
âèÿâèâ 54 öèñ-åëåìåíòè, çàä³ÿí³ ó â³äïîâ³ä³ íà 
àá³îòè÷í³, á³îòè÷í³ ñòðåñè, ñâ³òëî, ãîðìîíè,
çîêðåìà àáñöèçîâó êèñëîòó, àóêñèí, ìåòèëæàñ-
ìîíàò, åòèëåí, ã³áåðåë³í òà ñàë³öèëîâó êèñëî-
òó, òêàíèíîñïåöèô³÷í³ öèñ-åëåìåíòè. Öèñ-åëå-
ìåíòè, ïîâ’ÿçàí³ ³ç â³äïîâ³ääþ íà àá³îòè÷í³ 
ñòðåñè, ñòàíîâèëè âåëèêó ÷àñòêó ñåðåä âèÿâëå-
íèõ, ùî óçãîäæóºòüñÿ ³ç çàãàëüíîïðèéíÿòèìè 
óÿâëåííÿìè ïðî ôóíêö³¿ ÒÔ DREB2B. Âèäè 
çëàê³â ³ç òðüîõ ï³äðîäèí ³ç ð³çíîþ õîëîäî- òà 
ïîñóõîñò³éê³ñòþ òà âèä-åêñòðåìîô³ë D. antar-
ctica áóëè ïîä³áíèìè çà çàãàëüíèì íàáîðîì 
öèñ-åëåìåíò³â ó ñêëàä³ ïðîìîòîð³â DREB2B, ùî 
ñâ³ä÷èòü ïðî ïîä³áí³ñòü ðåãóëÿö³¿ åêñïðåñ³¿ öèõ 
ãåí³â ³ ¿õ ïîòåíö³éíèõ ôóíêö³é ó â³äïîâ³ä³ íà 
ñòðåñ ó äîñë³äæåíèõ âèä³â. Îòðèìàí³ ðåçóëüòàòè 
º âíåñêîì ó ðîçóì³ííÿ îñîáëèâîñòåé ðåãóëÿö³¿ 
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ãåí³â ãåí³â DREB2DREB2 ó çëàê³â òà ñòâîðþþòü ï³ä´ðóíòÿ äëÿ  ó çëàê³â òà ñòâîðþþòü ï³ä´ðóíòÿ äëÿ 
íàñòóïíèõ äîñë³äæåíü âçàºìîä³¿ DREB2B ç íàñòóïíèõ äîñë³äæåíü âçàºìîä³¿ DREB2B ç 
³íøèìè ÒÔ ó ñòðåñ-³íäóêîâàíèõ ñèãíàëüíèõ ³íøèìè ÒÔ ó ñòðåñ-³íäóêîâàíèõ ñèãíàëüíèõ 
øëÿõàõ.øëÿõàõ.

Êîíôë³êò ³íòåðåñ³â.Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä- Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü áóäü-ÿêîãî êîíôë³êòó ³íòåðåñ³â.ñóòí³ñòü áóäü-ÿêîãî êîíôë³êòó ³íòåðåñ³â.
Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Àâòîðè ï³ä-Àâòîðè ï³ä-
òâåðäæóþòü â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â òàòâåðäæóþòü â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â òà
ïîðóøåíü äîãîâîðó ïðî íåðîçãîëîøåííÿ. Öÿïîðóøåíü äîãîâîðó ïðî íåðîçãîëîøåííÿ. Öÿ
ñòàòòÿ íå ì³ñòèòü æîäíèõ äîñë³äæåíü, âèêî-ñòàòòÿ íå ì³ñòèòü æîäíèõ äîñë³äæåíü, âèêî-
íàíèõ íà òâàðèíàõ àáî ëþäÿõ.íàíèõ íà òâàðèíàõ àáî ëþäÿõ.
Ô³íàíñóâàííÿ. Ô³íàíñóâàííÿ. Ðîáîòà âèêîíóâàëàñÿ â ðàìêàõ Ðîáîòà âèêîíóâàëàñÿ â ðàìêàõ 
ÍÄÐ «Ãåíåòè÷í³ ³ ô³ç³îëîãî-á³îõ³ì³÷í³ ìåõà-ÍÄÐ «Ãåíåòè÷í³ ³ ô³ç³îëîãî-á³îõ³ì³÷í³ ìåõà-
í³çìè àäàïòàö³¿ ðîñëèí äî åêñòðåìàëüíèõ óìîâ í³çìè àäàïòàö³¿ ðîñëèí äî åêñòðåìàëüíèõ óìîâ 
äîâê³ëëÿ» (2021–2025 ðð.), ¹ 0120U105249.äîâê³ëëÿ» (2021–2025 ðð.), ¹ 0120U105249.

COMPARATIVE COMPARATIVE ANALYSISANALYSIS
OF GENE PROMOTERS OF DREB2B OF GENE PROMOTERS OF DREB2B 
TRANSCRIPTION FACTORSTRANSCRIPTION FACTORS
IN IN DESCHAMPSIA ANTARCTICADESCHAMPSIA ANTARCTICA
AND SOME OTHER CEREALSAND SOME OTHER CEREALS
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The organization of promoters of DREB2B TF ortholo-The organization of promoters of DREB2B TF ortholo-
gous genes involved in the response to abiotic stress was gous genes involved in the response to abiotic stress was 
studied in extremophile plant studied in extremophile plant D. antarcticaD. antarctica E. Desv and  E. Desv and 
12 other grass species with different cold and drought 12 other grass species with different cold and drought 
resistance. The average evolutionary distances were resistance. The average evolutionary distances were 
0.621 between the promoter sequences and 0.442 be-0.621 between the promoter sequences and 0.442 be-
tween coding sequences, including introns; the values of tween coding sequences, including introns; the values of 
nucleotide diversity (nucleotide diversity (��) for these regions were 0.410 and ) for these regions were 0.410 and 
0.274, respectively. Clustering of sequences was general-0.274, respectively. Clustering of sequences was general-
ly consistent with the accepted taxonomy of the Poaceae ly consistent with the accepted taxonomy of the Poaceae 
family. In total, 54 cis-elements involved in the response family. In total, 54 cis-elements involved in the response 
to abiotic and biotic stresses, light, hormones, such as to abiotic and biotic stresses, light, hormones, such as 
abscisic acid, auxin, methyl jasmonate, ethylene, gibber-abscisic acid, auxin, methyl jasmonate, ethylene, gibber-
ellin and salicylic acid, and tissue-specific cis elements ellin and salicylic acid, and tissue-specific cis elements 
were identified. A large proportion of these were identified. A large proportion of these ciscis elements  elements 
were associated with abiotic stress response that is con-were associated with abiotic stress response that is con-
sistent with known functions of DREB2B TF. Except sistent with known functions of DREB2B TF. Except 
for a few isolated differences, the studied grass species for a few isolated differences, the studied grass species 
of different subfamilies and of different subfamilies and D. antarcticaD. antarctica had a similar  had a similar 
set of cis elements in the set of cis elements in the DREB2BDREB2B promoter, a finding  promoter, a finding 
that indicates the similarity in the control of this gene that indicates the similarity in the control of this gene 
expression and its potential functions in these species.expression and its potential functions in these species.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Akbudak MA, Filiz E, Kontbay K. (2018) DREB2 Akbudak MA, Filiz E, Kontbay K. (2018) DREB2 

(dehydration-responsive element-binding protein (dehydration-responsive element-binding protein 
2) type transcription factor in sorghum (2) type transcription factor in sorghum (Sorghum Sorghum 
bicolorbicolor): genome-wide identification, characterization ): genome-wide identification, characterization 
and expression profiles under cadmium and salt and expression profiles under cadmium and salt 
stresses 3 Biotech 8(10):426. doi: 10.1007/s13205-stresses 3 Biotech 8(10):426. doi: 10.1007/s13205-
018-1454-1018-1454-1

Alves GSC, Torres LF, de Aquino SO et al. (2018) Alves GSC, Torres LF, de Aquino SO et al. (2018) 
Nucleotide diversity of the coding and promoter Nucleotide diversity of the coding and promoter 
regions of DREB1D, a candidate gene for drought regions of DREB1D, a candidate gene for drought 
tolerance in Coffea species Trop Plant Biol 11:31–tolerance in Coffea species Trop Plant Biol 11:31–
48. doi: 10.1007/ s12042-018-9199-x48. doi: 10.1007/ s12042-018-9199-x

Bertini L, Cozzolino F, Proietti S et al. (2021) What Bertini L, Cozzolino F, Proietti S et al. (2021) What 
antarctic plants can tell us about climate changes: antarctic plants can tell us about climate changes: 
temperature as a driver for metabolic reprogram-temperature as a driver for metabolic reprogram-
ming. Biomolecules 11(8):1094. doi: 10.3390/ming. Biomolecules 11(8):1094. doi: 10.3390/
biom11081094biom11081094

Binenbaum J, Weinstain R, Shani E. (2018) Gibberellin Binenbaum J, Weinstain R, Shani E. (2018) Gibberellin 
localization and transport in plants Trends Plant Sci localization and transport in plants Trends Plant Sci 
23(5):410–421. doi: 10.1016/j.tplants.2018.02.00523(5):410–421. doi: 10.1016/j.tplants.2018.02.005

Bublyk OM, Andreev IO, Kunakh VA (2016) Bublyk OM, Andreev IO, Kunakh VA (2016) In siIn si
licolico identification and analysis of stress-inducible  identification and analysis of stress-inducible 
DREB2 transcription factors genes in DREB2 transcription factors genes in Deschampsia Deschampsia 
antarcticaantarctica Desv. Factors in Experimental Evolution  Desv. Factors in Experimental Evolution 
of Organisms 19:202–207. (in Ukrainian)of Organisms 19:202–207. (in Ukrainian)

Camacho C, Coulouris G, Avagyan V et al. (2009) Camacho C, Coulouris G, Avagyan V et al. (2009) 
BLAST+: architecture and applications. BMC Bio-BLAST+: architecture and applications. BMC Bio-
inform inform 10:421. doi: 10.1186/1471-2105-10-421

Dubois M, Van den Broeck L, Inzé D. (2018) The pi-
votal role of ethylene in plant growth Trends Plant Sci 
23(4):311–323. doi: 10.1016/j.tplants.2018.01.003

Edgar RC. (2004) MUSCLE: a multiple sequence align-
ment method with reduced time and space complexity 
BMC Bioinform 5:113. doi: 10.1186/1471-2105-5-113

Egawa C, Kobayashi F, Ishibashi M et al. (2006) Dif-
ferential regulation of transcript accumulation and 
alternative splicing of a DREB2 homolog under 
abiotic stress conditions in common wheat Genes 
Genet Syst 81:77–91. doi: 10.1266/ggs.81.77

Emenecker RJ, Strader LC. (2020) Auxin-abscisic 
acid interactions in plant growth and development 
Biomolecules 10(2):281. doi: 10.3390/biom10020281

Erpen L, Devi HS, Grosser JW et al. (2018) Potential 
use of the DREB/ERF, MYB, NAC and WRKY 
transcription factors to improve abiotic and biotic 
stress in transgenic plants Plant Cell Tiss Organ Cult 
132:1–25. doi: 10.1007/s11240-017-1320-6

Feng K, Hou X-L, Xing G-M et al. (2020) Advanc-
es in AP2/ERF super-family transcription factors 
in plant Crit Rev Biotechnol 40(6):750–776. doi: 
10.1080/07388551.2020.1768509

Filiz E, Tombulo�lu H. (2014) In silico analysis of 
DREB transcription factor genes and proteins in 
grasses Appl Biochem Biotechnol 174:1272–1285. 
doi: 10.1007/s12010-014-1093-x 



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

Î.Ì. Áóáëèê, ².Î. Àíäðººâ, Â.À. Êóíàõ

Herath V. (2016) Small family, big impact: in silico 
analysis of DREB2 transcription factor family in 
rice Comput Biol Chem 65:128–139. doi: 10.1016/j.
compbiolchem.2016.10.012

Jung WJ, Seo YW. (2019) Identification of novel C-
repeat binding factor (CBF) genes in rye (Secale 
cereale L.) and expression studies. Gene 684:82–94. 
doi: 10.1016/j.gene.2018.10.055

Kim H-J, Kim Y-K, Park J-Y, Kim J. (2002) Light 
signalling mediated by phytochrome plays an im-
portant role in cold-induced gene expression through 
the C-repeat/dehydration responsive element (C/
DRE) in Arabidopsis thaliana Plant J 29:693–704. 
doi: 10.1046/j.1365-313X.2002.01249.x

Kovalchuk N, Jia W, Eini O et al. (2013) Optimization 
of TaDREB3 gene expression in transgenic barley 
using cold-inducible promoters Plant Biotechnol J 
11(6):659–670. doi: 10.1111/pbi.12056

Kumar S, Stecher G, Li M et al. (2018) MEGA X: 
Molecular Evolutionary Genetics Analysis across 
computing platforms Mol Biol Evol 35:1547–1549. 
doi: 10.1093/molbev/msy096

Lee J, Kang Y, Shin SC et al. (2014) Combined analysis 
of the chloroplast genome and transcriptome of 
the Antarctic vascular plant Deschampsia antarctica 
Desv. PLOS ONE 9(3):e92501. doi: 10.1371/journal.
pone.0092501

Lescot M, Déhais P, Thijs G et al. (2002) PlantCARE, a 
database of plant cis-acting regulatory elements and 
a portal to tools for in silico analysis of promoter 
sequences Nucl Acids Res 30(1):325–327. doi: 10.
1093/nar/30.1.325

Li C, Yue J, Wu X et al. (2014) An ABA-responsive 
DRE-binding protein gene from Setaria italica, 
SiARDP, the target gene of SiAREB, plays a critical 
role under drought stress J Exp Bot 65(18):5415–
5427. doi: 10.1093/jxb/eru302

Matsukura S, Mizoi J, Yoshida T et al. (2010) Comp-
rehensive analysis of rice DREB2-type genes that
encode transcription factors involved in the ex-
pression of abiotic stress-responsive genes Mol Genet 
Genomics 283:185–196. doi: 10.1007/s00438-009-
0506-y

Mohamed HI, El-Shazly HH, Badr A. (2020) Role of 
salicylic acid in biotic and abiotic stress tolerance in 
plants. In: Lone R, Shuab R, Kamili A (eds) Plant 
phenolics in sustainable agriculture. Springer, Singa-
pore, pp 533–554. doi: 10.1007/978-981-15-4890-
1_23

Nakashima K, Yusuke I, Yamaguchi-Shinozaki K. (2009) 
Transcriptional regulatory networks in response 
to abiotic stresses in Arabidopsis and grasses Plant 
Physiol 149:88–95. doi: 10.1104/pp.108.129791

Nei M. (1987) Molecular evolutionary genetics. Co-

lumbia University Press, New York. doi: 10.7312/
nei-92038

Neji M, Geuna F, Gandour M et al. (2021) Patterns 
of morpho-phenological and genetic variation of 
Brachypodium distachyon (L.) P.Beauv. complex in 
Tunisia Genet Resour Crop Evol. doi.org/10.1007/
s10722-021-01242-0 

Novillo F, Alonso JM, Ecker JR, Salinas J. (2004) 
CBF2/DREB1C is a negative regulator of CBF1/
DREB1B and CBF3/DREB1A expression and 
plays a central role in stress tolerance in Arabidopsis 
Proc Natl Acad Sci USA 101(11):3985–3990. doi: 
10.1073/pnas.0303029101

Ozheredova IP, Parnikoza IYu, Poronnik OO et al. 
(2015) Mechanisms of Antarctic vascular plant adap-
tation to abiotic environmental factors Cytol Genet 
49(2):139–145. doi: 10.3103/S0095452715020085

Pardo J, VanBuren R. (2021) Evolutionary innovations 
driving abiotic stress tolerance in C4 grasses and
cereals Plant Cell 33(11):3391–3401. doi.org/10.1093/
plcell/koab205

Parnikoza I, Kozeretska I, Kunakh V. (2011) Vascular 
plants of the Maritime Antarctic: origin and adap-
tation Am J Plant Sci 2(3):381–395. doi: 10.4236/
ajps.2011.23044

Per TS, Khan MIR, Anjum NA et al. (2018) Jasmonates 
in plants under abiotic stresses: Crosstalk with other 
phytohormones matters Environ Exp Bot 145:104–
120. doi: 10.1016/j.envexpbot.2017.11.004

Qin F, Kakimoto M, Sakuma Y et al. (2007) Regulation 
and functional analysis of ZmDREB2A in response 
to drought and heat stresses in Zea mays L. Plant 
J 50:54–69. doi: 10.1111/j.1365-313X.2007.03034.x

Roelofs D, Morgan J, Sturzenbaum S. (2010) The 
significance of genome-wide transcriptional regu-
lation in the evolution of stress tolerance Evol Ecol 
24:527–539. doi: 10.1007/s10682-009-9345-x

Rozas J, Ferrer-Mata A, Sánchez-DelBarrio JC et al. 
(2017) DnaSP 6: DNA Sequence polymorphism 
analysis of large data sets Mol Biol Evol 34(12):3299–
3302. doi: 10.1093/molbev/msx248

Saitou N, Nei M. (1987) The neighbor-joining method: 
a new method for reconstructing phylogenetic trees 
Mol Biol Evol 4(4):406–425.

Schubert M, Grønvold L, Sandve SR et al. (2019) 
Evolution of cold acclimation and its role in niche 
transition in the temperate grass subfamily Pooide-
ae Plant Physiol 180(1):404–419. doi: 10.1104/pp.
18.01448

Singh K, Chandra A. (2021) DREBs-potential transcrip-
tion factors involve in combating abiotic stress tole-
rance in plants Biologia 76:3043–3055. doi: 10.1007/
s11756-021-00840-8

Tamura K, Nei M, Kumar S. (2004) Prospects for 



15ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

Ïîð³âíÿëüíèé àíàë³ç ïðîìîòîð³â ãåí³â òðàíñêðèïö³éíèõ ôàêòîð³â DREB2B ó Deschampsia antarctica

inferring very large phylogenies by using the ne-
ighbor-joining method Proc Natl Acad Sci USA 
101:11030–11035. doi: 10.1073/pnas.0404206101

Tavakol E, Sardaro MLS, Shariati V et al. (2014) Iso-
lation, promoter analysis and expression profile of
Dreb2 in response to drought stress in wheat ances-
tors Gene 549(1):24–32. doi: 10.1016/j.gene.2014.
07.020.

VanWallendael A, Soltani A, Emery NC et al. (2019) A 
molecular view of plant local adaptation: Incorpora-
ting stress-response networks Annu Rev Plant Biol 
70:559–583. doi: 10.1146/annurev-arplant-050718-
100114

Walther D, Brunnemann R, Selbig J. (2007) The 
regulatory code for transcriptional response diversity 
and its relation to genome structural properties in A. 
thaliana PLoS Genet 3(2):e11. doi: 10.1371/journal.
pgen.0030011

Wang J, Song L, Gong X, Xu J, Li M. (2020) Functions 
of Jasmonic Acid in Plant Regulation and Response 
to Abiotic Stress Int J Mol Sci 21:1446. doi: 10.3390/
ijms21041446

Xiaxia Y, Wenjin Zh, Yu Zh et al. (2018) The roles 
of methyl jasmonate to stress in plants. Funct Plant 
Biol 46:197–212. doi: 10.1071/FP18106

Xue GP, Loveridge CW. (2004) HvDRF1 is involved in 
abscisic acid-mediated gene regulation in barley and 

produces two forms of AP2 transcriptional activators, 
interacting preferably with a CT-rich element Plant J 
37:326–339. doi: 10.1046/j.1365-313X.2003.01963.x

Yamaguchi-Shinozaki K, Shinozaki K. (2005) Organi-
zation of cis-acting regulatory elements in osmotic-
and cold-stress-responsive promoters Trends Plant 
Sci 10(2):88–94. doi: 10.1016/j.tplants.2004.12.012

Yue C, Cao H, Lin H et al. (2019) Expression patterns 
of alpha-amylase and beta-amylase genes provide 
insights into the molecular mechanisms underlying 
the responses of tea plants (Camellia sinensis) to 
stress and postharvest processing treatments Planta 
250:281–298. doi: 10.1007/s00425-019-03171-w

Zhang N, McHale LK, Finer JJ. (2019) Changes to the 
core and flanking sequences of G-box elements lead 
to increases and decreases in gene expression in both 
native and synthetic soybean promoters Plant Bio-
technol J 17:724–735. doi: 10.1111/pbi.13010

Zhang Y, Li X. (2019) Salicylic acid: biosynthesis, 
perception, and contributions to plant immunity 
Curr Opin Plant Biol 50:29–36. doi: 10.1016/j.
pbi.2019.02.004

Íàä³éøëà â ðåäàêö³þ 26.01.22
Ï³ñëÿ äîîïðàöþâàííÿ 27.04.22

Ïðèéíÿòà äî äðóêó 18.09.22



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


