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Genetics

ГенетикаенетикаГГенетикаенетика

Âñòóï
Ó á³îñèíòåç³ êðîõìàëþ åíçèì éîãî ðîçãà-

ëóæåííÿ (starch branching enzyme, SBE) 
(1,4-alpha-glucan 6-alpha-glucosyltransferase; 
EC 2.4.1.24) º îäíèì ç êëþ÷îâèõ, â³í ôîðìóº 
ðîçãàëóæåíó ñòðóêòóðó øëÿõîì ñòâîðåííÿ 
1,6-çâ’ÿçê³â ðîçãàëóæåííÿ ì³æ ë³í³éíèìè 
ëàíöþãàìè. Çà ðåçóëüòàòàìè á³îõ³ì³÷íèõ òà 
ãåíåòè÷íèõ äîñë³äæåíü ðîñëèííèõ SBE âè-
ÿâëåíî òðè ³çîçèìí³ ôîðìè – SBEI, SBE²I 
(äâ³ âèñîêîãîìîëîã³÷í³ ³çîôîðìè SBEIIa òà 
SBEIIb), SBE²I². Âñòàíîâëåíî, ùî âîíè ìà-
þòü ñóáñòðàòíó ñïåöèô³÷í³ñòü. Òàê, SBEIIa ³ 
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Ìåòà. Äîñë³äæåííÿ ïîë³ìîðô³çìó ãåíà àå1 êóêóðóäçè á³î³íôîðìàòè÷íèìè ìåòîäàìè. Ìåòîäè. Ãëîáàëüíå òà ëîêàëü-
íå âèð³âíþâàííÿ íóêëåîòèäíèõ òà àì³íîêèñëîòíèõ ïîñë³äîâíîñòåé, in silico òðàíñëÿö³ÿ ³ òðàíñêðèïö³ÿ, ìîäåëþâàííÿ 
òðàíñëÿò³â, äèçàéí ïðàéìåð³â, ô³ëîãåíåòè÷íèé àíàë³ç. Ðåçóëüòàòè. Ïðîàíàë³çîâàíî 255 íóêëåîòèäíèõ ïîñë³äîâíîñòåé 
ãåíà àe1 êóêóðóäçè, 500 àì³íîêèñëîòíèõ ïîñë³äîâíîñòåé ãîìîëîã³â òðàíñëÿò³â ãåíà ae1 êóêóðóäçè (ãîìîëîã³â åíçèìó 
SBEIIb) ³ 100 ìÐÍÊ, ùî åêñïðåñóþòüñÿ ç ãåíà ae1 êóêóðóäçè, äëÿ âñòàíîâëåííÿ éîãî ô³ëîãåíåòè÷íèõ âçàºìîçâ’ÿçê³â. 
Á³î³íôîðìàòè÷íèìè ìåòîäàìè äîñë³äæåíî ïîë³ìîðô³çì ð³çíèõ ä³ëÿíîê ãåíà ae1 êóêóðóäçè. Çä³éñíåíî ìîäåëþâàííÿ 
åíçèìó SBEIIb êóêóðóäçè. Âèñíîâêè. Çà ðåçóëüòàòàìè âèð³âíþâàííÿ àì³íîêèñëîòíèõ ïîñë³äîâíîñòåé ãîìîëîã³â åíçèìó 
SBEIIb ç’ÿñîâàíî, ùî îðòîëîãè ãåíà ae1 ïðèñóòí³ ëèøå â îäíîäîëüíèõ ðîñëèí, ïàðàëîãè – â îäíîäîëüíèõ, äâîäîëüíèõ 
òà ³íøèõ òàêñîí³â, âêëþ÷àþ÷è âîäîðîñò³ òà òâàðèí. Çà ðåçóëüòàòàìè âèð³âíþâàííÿ ìÐÍÊ ðîñëèí, ç ÿêèõ òðàíñëþºòüñÿ 
åíçèì SBEIIb, âñòàíîâëåíî ÿê îðòîëîãè ãåíà ae1 êóêóðóäçè, òàê ³ íàéáëèæ÷³ ïàðàëîãè, ùî êîäóþòü åíçèìè ðîçãàëó-
æåííÿ êðîõìàëþ ç õëîðîïëàñòíîþ ëîêàë³çàö³ºþ; öå ñâ³ä÷èòü ïðî ìîæëèâå ïîõîäæåííÿ ãåíà ae1 âíàñë³äîê äóïë³êàö³¿ 
ãåíà, ùî êîäóº 1,4-α-ãëþêàí-åíçèì ðîçãàëóæåííÿ êðîõìàëþ 2 ç õëîðîïëàñòíîþ àáî àì³ëîïëàñòíîþ ëîêàë³çàö³ºþ. Â 
ñòðóêòóð³ ãåíà aå1 êóêóðóäçè çíàéäåíî ðåã³îíè, ùî ì³ñòÿòü íå âèçíà÷åí³ ðàí³øå ïîë³ìîðôí³ ä³ëÿíêè. Äî ïîë³ìîðôíèõ 
ðåã³îí³â ðîçðîáëåíî äèçàéí ïðàéìåð³â, ÿê³ äàþòü ìîæëèâ³ñòü äèôåðåíö³þâàòè ë³í³¿ êóêóðóäçè. Âèçíà÷åíî, ùî âñòà-
íîâëåíèé ïîë³ìîðô³çì òåîðåòè÷íî çäàòíèé âïëèâàòè íà ôóíêö³þ åíçèìó òà âíàñë³äîê öüîãî çì³íþâàòè êîíöåíòðàö³þ 
àì³ëîïåêòèíó â çåðí³ êóêóðóäçè.
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SBEIIb â³ääàþòü ïåðåâàãó ðîçùåïëåííþ ³ 
òðàíñôåðó êîðîòøèõ ëàíöþã³â ³ êàòàë³çó-
þòü ôîðìóâàííÿ 1,6-ãë³êîçèäíèõ çâ’ÿçê³â, ó 
òîé ÷àñ ÿê SBEI â³ääàº ïåðåâàãó òðàíñôåðó 
äîâøèõ ëàíöþã³â [1–3].

SBE êóêóðóäçè ìàº òðè ³çîçèìí³ ôîðìè – 
SBEI, SBEIIa, SBEIIb, çîêðåìà SBEI òà 
SBEIIb íàÿâí³ ïåðåâàæíî â åíäîñïåðì³, òîä³ 
ÿê SBEIIa – â çàðîäêó, åíäîñïåðì³, ëèñòêó, 
³íøèõ òêàíèíàõ. Ñàìå SBEIIb â³ä³ãðàº âàæ-
ëèâó ðîëü ó á³îñèíòåç³ ìîëåêóë àì³ëîïåêòè-
íó â åíäîñïåðì³ êóêóðóäçè [4].

Åíçèì SBEIIb êîäóºòüñÿ ãåíîì amylose 
extender (àå1) (äîâãå ïëå÷å õðîìîñîìè 5), 
ÿêèé åêñïðåñóºòüñÿ â åíäîñïåðì³ ç íàéâè-
ùèì ð³âíåì ñåðåä SBE-ãåí³â ³ â³ä³ãðàº îñíîâ-
íó ðîëü ó äåòåðì³íàö³¿ ñòðóêòóðè àì³ëîïåê-
òèíó. Ñàìå SBEIIb ìàº ïåðâ³ñíå çíà÷åííÿ 
äëÿ á³îñèíòåçó ìîëåêóë àì³ëîïåêòèíó â åí-
äîñïåðì³ êóêóðóäçè, à íå SBEI ³ SBEIIa: 
âòðàòà SBEIIa àáî íåñòà÷à àêòèâíîñò³ SBEI 
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ïîîäèíö³ íå âïëèâàº (àáî ìàº íåçíà÷íèé 
âïëèâ) íà ñêëàä êðîõìàëþ åíäîñïåðìó òà 
òîíêî¿ ñòðóêòóðè àì³ëîïåêòèíó. Ó êóêóðó-
äçè ç ðåöåñèâíèì àëåëåì àå1 åíçèì SBEIIb 
â åíäîñïåðì³ ìàº íèçüêó àêòèâí³ñòü, ùî 
ïðèçâîäèòü äî ôîðìóâàííÿ êðîõìàëþ ç âè-
ùèì âì³ñòîì àì³ëîçè, á³ëüøîþ ê³ëüê³ñòþ 
ïðîì³æíèõ êîìïîíåíò³â ³ äîâøèì ðîçãàëó-
æåíèì ëàíöþãîì àì³ëîïåêòèíó, í³æ ó íîð-
ìàëüíî¿ êóêóðóäçè ç äîì³íàíòíèì ãåíîì àå1. 
Âì³ñò àì³ëîçè â åíäîñïåðì³ ï³äâèùóºòüñÿ ç 
íîðìàëüíîãî ñåðåäíüîãî ð³âíÿ 27 äî 50% (çà 
äåÿêèìè äæåðåëàìè – äî 70%) [5].

Ê³ëüê³ñòü ³ ñêëàä êðîõìàëþ ìàº âàæëèâå 
çíà÷åííÿ ìàéæå äëÿ âñ³õ íàïðÿì³â âèêîðèñ-
òàííÿ çåðíà êóêóðóäçè – â³ä òðàäèö³éíîãî 
ïðîäîâîëü÷îãî äî çàñòîñóâàííÿ ÿê â³äíîâëþ-
âàíî¿ ñèðîâèíè äëÿ âèðîáíèöòâà á³îïàëèâà. 
Äëÿ ïîë³ïøåííÿ ÿêîñò³ çåðíà êóêóðóäçè àê-
òèâíî âèêîðèñòîâóþòü á³îõ³ì³÷íèé åôåêò 
ìóòàíòíèõ ãåí³â ñòðóêòóðè åíäîñïåðìó, ÿê³ 
ðåãóëþþòü á³îãåíåç êðîõìàëþ òà çóìîâëþ-
þòü ³ñòîòíèé ïåðåðîçïîä³ë ë³í³éíèõ ³ ðîç-
ãàëóæåíèõ ñîïîë³ìåð³â êðîõìàëþ. Îñê³ëüêè 
íàéá³ëüøèé åôåêò íà ôðàêö³éíèé ñêëàä 
êðîõìàëþ ìàþòü ìóòàíòí³ ãåíè wx1, ae1, 
su2, á³î³íôîðìàòè÷í³ òà ìîëåêóëÿðíî-ãåíå-
òè÷í³ äîñë³äæåííÿ ãåí³â á³îñèíòåçó êðîõìà-
ëþ º íåîáõ³äíèì åòàïîì ðîçðîáëåííÿ ìîëå-
êóëÿðíèõ ìàðêåð³â äëÿ ìàðêåð-ñóïóòíüî¿ 
ñåëåêö³¿ ï³ä ÷àñ ñòâîðåííÿ ã³áðèä³â êóêóðó-
äçè äëÿ ïðîìèñëîâîãî îòðèìàííÿ âèñîêî-
ÿê³ñíèõ êðîõìàë³â. 

Ìåòà ðîáîòè – äîñë³äæåííÿ ïîë³ìîðô³ç-
ìó ãåíà àå1 êóêóðóäçè á³î³íôîðìàòè÷íèìè 
ìåòîäàìè äëÿ ðîçðîáëåííÿ ôóíêö³îíàëüíèõ 
ìàðêåð³â, ùî áóäóòü âèêîðèñòàí³ â ñåëåê-
ö³éíèõ ïðîãðàìàõ äëÿ äîáîðó ãåíîòèï³â êó-
êóðóäçè ç ïåâíîþ ñòðóêòóðîþ êðîõìàëþ åí-
äîñïåðìó çåðíà.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Íàóêîâî-äîñë³äíó ðîáîòó âèêîíàíî ó â³ää³-

ë³ çàãàëüíî¿ òà ìîëåêóëÿðíî¿ ãåíåòèêè ÑÃ² –
ÍÖÍÑ ïðîòÿãîì 2015–2016 ðð. Ìàòåð³àëîì 
äîñë³äæåíü áóëè íóêëåîòèäí³ òà àì³íîêèñ-
ëîòí³ ïîñë³äîâíîñò³ áàçè äàíèõ Íàö³îíàëüíî-
ãî öåíòðó á³îòåõíîëîã³÷íî¿ ³íôîðìàö³¿ (Na-
tional Center for Biotechnology Information, 
NCBI) [6]. Âèêîðèñòàíî 500 àì³íîêèñëîòíèõ 
ïîñë³äîâíîñòåé òðàíñëÿò³â ãîìîëîã³â ãåíà 
ae1 êóêóðóäçè, 100 ìÐÍÊ – òðàíñêðèïò³â 
ãîìîëîã³â ãåíà àe1 êóêóðóäçè, 255 íóêëåî-
òèäíèõ ïîñë³äîâíîñòåé ãåíà àe1 êóêóðóäçè 
(âñ³ íàÿâí³ íà òîé ÷àñ ó áàç³ äàíèõ NCBI).

Ïîøóê íóêëåîòèäíèõ ïîñë³äîâíîñòåé ãåíà 
ae1 ïðîâàäèëè ëîêàëüíèì âèð³âíþâàííÿì 
çà àëãîðèòìîì Ñì³òà-Âîòåðìàíà [7] çà äîïî-

ìîãîþ îí-ëàéí ïðîãðàìè «blastn». Ãëîáàëü-
íå ïîíóêëåîòèäíå òà ïîêîäîííå âèð³âíþâàí-
íÿ íóêëåîòèäíèõ ïîñë³äîâíîñòåé ïðîìîòîðà, 
åêçîí³â òà ³íòðîí³â çä³éñíþâàëè çà àëãîðèò-
ìîì Í³äëìàíà-Âóíøà [8] ç âèêîðèñòàííÿì 
ïðîãðàìè MEGA5.2 çà àëãîðèòìîì ClustalW 
òà ClustalW (Codons). 

Äëÿ ³n silico òðàíñëÿö³¿, òðàíñêðèïö³¿ òà 
ïîøóêó ì³êðîñàòåë³ò³â âèêîðèñòîâóâàëè 
ïðîãðàìó UGENE [9]. Ìîäåëþâàëè òðàíñëÿ-
òè in silico ç âèêîðèñòàííÿì àâòîíîìíîãî 
ñåðâåðà ãîìîëîã³÷íîãî ìîäåëþâàííÿ ñòðóê-
òóðè ïðîòå¿íó SWISS-MODEL [10]. Äèçàéí 
ïðàéìåð³â òà in silico ïîë³ìåðàçíó ëàíöþãî-
âó ðåàêö³þ (ÏËÐ) çä³éñíþâàëè çà äîïîìî-
ãîþ ïðîãðàìè FastPCR. Óìîâè ÏËÐ îïòèì³-
çóâàëè çã³äíî ç òåðìîäèíàì³÷íèìè õàðàêòå-
ðèñòèêàìè ìàòðèö³ òà ïðàéìåð³â, îá÷èñëå-
íèìè ó ïðîãðàì³. Â³ðîã³äí³ñòü ³ñíóâàííÿ ïî-
áóäîâàíèõ ñòðóêòóð îá÷èñëþâàëè ³ç çàñòîñó-
âàííÿì ñòàòèñòè÷íî¿ ñóìè äëÿ áóäóâàííÿ 
ìàòðèö³ â³ðîã³äíîñò³ òåðìîäèíàì³÷íèõ õà-
ðàêòåðèñòèê ñèñòåìè. Òî÷í³ñòü ïåðåäáà÷å-
íèõ ñòðóêòóð çà äîïîìîãîþ ö³º¿ ïðîãðàìè 
ñòàíîâèòü 73% äëÿ ïîñë³äîâíîñòåé ðîçì³ðîì 
äî 700 ï. í. [11].

Ô³ëîãåíåòè÷íèé àíàë³ç âèêîíóâàëè ç âèêî-
ðèñòàííÿì ïàêåòó MEGA5.2 [12]. Ô³ëîãåíå-
òè÷í³ äåíäðîãðàìè ðåêîíñòðóþâàëè çà ìåòî-
äîì UPGMA, åâîëþö³éí³ äèñòàíö³¿ ðîçðàõî-
âàíî ç âèêîðèñòàííÿì ìåòîäó Maximum Com-
posite Likelihood, êðèòåð³ºì äîñòîâ³ðíîñò³ 
áóâ áóòñòðåï òåñò [13]. Ñï³ââ³äíîøåííÿ ñèíî-
í³ì³÷íèõ òà íåñèíîí³ì³÷íèõ çàì³í àíàë³çóâà-
ëè çà äîïîìîãîþ ôóíêö³¿ òåñòóâàííÿ äîáîðó 
çà îêðåìèìè êîäîíàìè ïðîãðàìè ÌEGA5.2.

Ðåçóëüòàòè äîñë³äæåíü
Ô³ëîãåíåòè÷íèé àíàë³ç ãåíà ae1 êóêóðóäçè
Ïðîàíàë³çîâàíî 500 àì³íîêèñëîòíèõ ïî-

ñë³äîâíîñòåé ãîìîëîã³â òðàíñëÿò³â ãåíà ae1 
êóêóðóäçè (ãîìîëîã³â åíçèìó SBEIIb) äëÿ 
âñòàíîâëåííÿ éîãî ô³ëîãåíåòè÷íèõ âçàºìî-
çâ’ÿç ê³â íà ð³âí³ âåëèêèõ òàêñîí³â òà 100 
ìÐÍÊ, ùî åêñïðåñóºòüñÿ ç ãåíà ae1 êóêóðó-
äçè, – íà ð³âí³ íèçüêèõ òàêñîí³â. 

Çà ðåçóëüòàòàìè âèð³âíþâàííÿ 500 àì³íî-
êèñëîòíèõ ïîñë³äîâíîñòåé ãîìîëîã³â åíçèìó 
SBEIIb ç’ÿñîâàíî, ùî îðòîëîãè ãåíà ae1 º 
ëèøå â îäíîäîëüíèõ ðîñëèí. Ïàðàëîãè ãåíà 
ae1 íàÿâí³ â îäíîäîëüíèõ ³ äâîäîëüíèõ òà 
³íøèõ òàêñîí³â, âêëþ÷àþ÷è âîäîðîñò³ òà 
òâàðèí. Ïàðàëîãàìè öüîãî ãåíà ó òâàðèí º 
ãåíè, ùî êîäóþòü åíçèìè, ÿê³ êàòàë³çóþòü 
ðîçãàëóæåííÿ ãë³êîãåíó. Öå ï³äòâåðäæóº â³-
äîìèé ôàêò, ùî îäíîäîëüí³, äî ÿêèõ â³äíî-
ñÿòü çëàêîâ³, ìàþòü â³äì³ííîñò³ ó åìáð³îãå-
íåç³ òà ôóíêö³îíóâàíí³ åíäîñïåðìó. Çàâäÿ-
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êè íàÿâíîñò³ åíçèì³â ðîçãàëóæåííÿ êðîõìà-
ëþ óòâîðþºòüñÿ îñîáëèâèé çà áóäîâîþ àì³-
ëîïåêòèí, çäàòíèé äî êîìïàêòèçàö³¿ ó âèã-
ëÿä³ íåâîäîðîç÷èííèõ ãðàíóë ç íàï³âêðèñòà-
ë³÷íîþ ñòðóêòóðîþ, ÿêà º íàéåôåêòèâí³øîþ 
ôîðìîþ çáåð³ãàííÿ âóãëåâîä³â.

Çà ðåçóëüòàòàìè âèð³âíþâàííÿ 100 ìÐÍÊ 
ðîñëèí, ç ÿêèõ òðàíñëþºòüñÿ åíçèì SBEIIb, 
âñòàíîâëåíî ÿê îðòîëîãè ãåíà ae1 êóêóðóäçè, 
òàê ³ íàéáëèæ÷³ ïàðàëîãè, ùî êîäóþòü åíçè-
ìè ðîçãàëóæåííÿ êðîõìàëþ ç õëîðîïëàñò-
íîþ ëîêàë³çàö³ºþ. Öå ñâ³ä÷èòü ïðî ìîæëèâå 
ïîõîäæåííÿ ãåíà ae1 â ðåçóëüòàò³ äóïë³êàö³¿ 
ãåíà, ùî êîäóº 1,4-α-ãëþêàí-åíçèì ðîçãàëó-
æåííÿ êðîõìàëþ 2 (1,4-alpha-glucan-bran-
ching enzyme 2; EC 2.4.1.18) ç õëîðîïëàñò-
íîþ àáî àì³ëîïëàñòíîþ ëîêàë³çàö³ºþ. Ïðî-
äóêòè åêñïðåñ³¿ ïðåäêîâîãî ãåíà ìàëè õëîðî-
ïëàñòíó òà/àáî àì³ëîïëàñòíó ëîêàë³çàö³þ. 
Ïðîäóêòè åêñïðåñ³¿ ãåíà àå1 ìàþòü ëîêàë³çà-
ö³þ â êë³òèíàõ åíäîñïåðìó. Éìîâ³ðíî, ùî 
ñàìå öÿ äóïë³êàö³ÿ òà ïîäàëüøà ïåðåäèñëî-
êàö³ÿ ïðîäóêòó öüîãî ãåíà é çóìîâèëè åâî-
ëþö³éíó óñï³øí³ñòü çëàêîâèõ. Äëÿ öüîãî 
ìàëè â³äáóòèñÿ çì³íè â ïåðâèíí³é ñòðóêòóð³ 
çàçíà÷åíîãî ãåíà – ÿê â ïðîìîòîðí³é ä³ëÿíö³ 
äëÿ ðåãóëþâàííÿ åêñïðåñ³¿ öüîãî ãåíà ó 
çâ’ÿçêó ç³ çì³íîþ ëîêàë³çàö³¿ àêòèâíîñò³ éî-
ãî ïðîäóêòó (â åíäîñïåðì³ çåðíà, ùî ðîçâè-
âàºòüñÿ, çàì³ñòü õëîðîïëàñò³â äëÿ ñèíòåçó 
àì³ëîïåêòèíîâèõ ãðàíóë äëÿ åôåêòèâí³øîãî 
çàïàñàííÿ ãëþêîçè, óòâîðåíî¿ âíàñë³äîê ôî-
òîñèíòåçó), òàê ³ äëÿ çàáåçïå÷åííÿ êîðåêòíî¿ 
âçàºìîä³¿ ïðîäóêò³â öüîãî ãåíà ç ³íøèìè åí-
çèìàìè, ùî êàòàë³çóþòü ðåàêö³¿ á³îñèíòåçó 
êðîõìàëþ. Òàêîæ çàì³íè â³äáóëèñü ³ â êîäóþ-
÷èõ ä³ëÿíêàõ ãåíà äëÿ îòðèìàííÿ êîíôîðìà-
ö³¿ åíçèìó, åôåêòèâíî¿ äëÿ çàáåçïå÷åííÿ 
ðîçãàëóæåííÿ àì³ëîïåêòèíó.

Àíàë³ç ïîë³ìîðô³çìó ãåíà ae1 êóêóðóäçè
Ó áàç³ äàíèõ NCBI âèÿâëåíî 255 íóêëåî-

òèäíèõ ïîñë³äîâíîñòåé, àíîòîâàíèõ ÿê ãåí 
ae1 êóêóðóäçè. Çðàçêè ãåíà ae1 ìàþòü ñå-
ðåäí³é ðîçì³ð 23449 ï. í. òà ñêëàäàþòüñÿ ç 
ïðîìîòîðó, 22 åêçîí³â òà 21 ³íòðîíà.

255 íóêëåîòèäíèõ ïîñë³äîâíîñòåé ãåíà ae1 
êóêóðóäçè ïðîàíàë³çîâàíî ç ìåòîþ âèÿâëåí-
íÿ ïàòòåðí³â åâîëþö³¿. Äëÿ ïðîìîòîðíî¿ ä³-
ëÿíêè, ïðåäñòàâëåíî¿ 15 íóêëåîòèäíèìè ïî-
ñë³äîâíîñòÿìè, áóëè õàðàêòåðí³ îäíîíóêëåî-
òèäí³ çàì³íè òà äåëåö³¿ íà ôîí³ çíà÷íîãî 
ð³âíÿ êîíñåðâàòèâíîñò³.

Ðåã³îí åêçîí³â 1–3 áóâ ïðåäñòàâëåíèé 66 
íóêëåîòèäíèìè ïîñë³äîâíîñòÿìè. Òóò òàêîæ 
áóëè íàÿâí³ îäíîíóêëåîòèäí³ çàì³íè òà ìíî-
æèíí³ äåëåö³¿. Âçàãàë³ ð³âåíü ïîë³ìîðô³çìó 
ö³º¿ ä³ëÿíêè áóâ íåâèñîêèé, êð³ì ³íòðîíó 2. 
Ùîäî õàðàêòåðó åâîëþö³¿ öüîãî ãåíà, òî äëÿ 

íüîãî áóâ õàðàêòåðíèì ñòàá³ë³çóþ÷èé äîá³ð, 
ñïðÿìîâàíèé íà çáåðåæåííÿ ïåðâ³ñíî¿ àì³íî-
êèñëîòíî¿ ïîñë³äîâíîñò³ åíçèìó. Ïðî öå ñâ³ä-
÷àòü íåãàòèâí³ çíà÷åííÿ çà HyPhy àíàë³çîì 
– äî -14, öå îçíà÷àº, ùî ïðåâàëþþ÷èìè º ñè-
íîí³ì³÷í³ çàì³íè. Ìîæëèâî, öåé ðåã³îí ìàº 
îñîáëèâå çíà÷åííÿ äëÿ ôóíêö³îíóâàííÿ åí-
çèìó òà º êðèòè÷íèì, òîìó äîá³ð áóâ ñïðÿ-
ìîâàíèé íà åë³ì³íàö³þ íåñèíîí³ì³÷íèõ çà-
ì³í, ÿê³ ïðèçâîäÿòü äî çàì³íè àì³íîêèñëîò, 
ëèøå äåÿê³ òðèïëåòè ïîêàçàëè ïîçèòèâíå 
çíà÷åííÿ, ÿêå çà àáñîëþòíèì çíà÷åííÿì íå 
ïåðåâèùóâàëî íåãàòèâí³ ïîêàçíèêè.

Ðåã³îí åêçîí³â 4–8 ïðåäñòàâëÿëè 17 íóê-
ëåîòèäíèõ ïîñë³äîâíîñòåé. Ð³âåíü éîãî ïî-
ë³ìîðô³çìó áóâ âèñîêèé: íàÿâí³ ÷èñëåíí³ 
íóêëåîòèäí³ çàì³íè é äåëåö³¿, à òàêîæ ìóòà-
ö³ÿ ³ç çñóâîì ðàìêè ç÷èòóâàííÿ, ÿêà º ãðó-
áîþ íóêëåîòèäíîþ ìóòàö³ºþ. Äëÿ öüîãî ðå-
ã³îíó áóâ õàðàêòåðíèì äèâåðñèô³êóþ÷èé 
äîá³ð ç ïðåâàëþâàííÿì íåñèíîí³ì³÷íèõ çà-
ì³í. Öå, ó ïîºäíàíí³ ç íàÿâí³ñòþ ÷èñëåííèõ 
ïîë³ìîðô³çì³â, ñâ³ä÷èòü ïðî òå, ùî, íà â³ä-
ì³íó â³ä ðåã³îíó åêçîí³â 1–3, â³í íå â³ä³ãðàº 
òàêî¿ çíà÷íî¿ ðîë³ ³, íàâïàêè, åâîëþö³ÿ áóëà 
ñïðÿìîâàíà íà ïîøóê àëüòåðíàòèâíèõ âàð³-
àíò³â òà ï³äâèùåííÿ ïîë³ìîðô³çìó. 

Ðåã³îí åêçîí³â 9–10, ïðåäñòàâëåíèé 10 íóê-
ëåîòèäíèìè ïîñë³äîâíîñòÿìè, âèÿâèâñÿ êîí-
ñåðâàòèâíèì ó çîí³ åêçîí³â òà âèñîêîïîë³-
ìîðôíèì ó çîí³ ³íòðîí³â. Äëÿ öüîãî ðåã³îíó 
áóâ õàðàêòåðíèì ñòàá³ë³çóþ÷èé äîá³ð, äëÿ 
11 ñàéò³â ç 12 õàðàêòåðíèì º ïðåâàëþâàííÿ 
ñèíîí³ì³÷íèõ çàì³í íàä íåñèíîí³ì³÷íèìè. 
Öåé ðåã³îí âèÿâëÿºòüñÿ äîñèòü ö³êàâèì äëÿ 
ïîäàëüøîãî äîñë³äæåííÿ òà ïîøóêó ìîæëè-
âèõ ìàðêåð³â.

Ðåã³îí åêçîíà 11 áóâ ïðåäñòàâëåíèé 16 âè-
ñîêîêîíñåðâàòèâíèìè ïîñë³äîâíîñòÿìè. Öå 
îçíà÷àº, ùî äîá³ð áóâ ñïðÿìîâàíèì íà åë³-
ì³íàö³þ ìàéæå âñ³õ çàì³í, ³ ñâ³ä÷èòü ïðî 
âàæëèâ³ñòü ö³º¿ ä³ëÿíêè ãåíà äëÿ ôóíêö³î-
íóâàííÿ ïðîòå¿íó. Ðåã³îí åêçîí³â 12–14, 
ïðåäñòàâëåíèé 81 íóêëåîòèäíîþ ïîñë³äîâ-
í³ñòþ, ïîêàçàâ àíàëîã³÷í³ äàí³.

Äëÿ ðåã³îíó åêçîí³â 16–18, ïðåäñòàâëåíî-
ìó 34 íóêëåîòèäíèìè ïîñë³äîâíîñòÿìè, õà-
ðàêòåðíèì º âèñîêèé ð³âåíü ïîë³ìîðô³çìó, 
âñòàíîâëåíî ÷èñëåíí³ îäíîíóêëåîòèäí³ çàì³-
íè òà äåëåö³¿, ÿê³ ïðèçâîäèëè äî çñóâó ðàì-
êè ç÷èòóâàííÿ. 

Ðåã³îí åêçîí³â 19–22 áóâ âèñîêîêîíñåðâà-
òèâíèì ç íàÿâíèìè îäíîíóêëåîòèäíèìè çà-
ì³íàìè ïî äåê³ëüêîõ ñàéòàõ.

Ç îãëÿäó íà íàâåäåíå, éìîâ³ðíèì º òå, ùî 
ð³çí³ ä³ëÿíêè åíçèìó SBEIIb ìàþòü ð³çíå 
çíà÷åííÿ äëÿ ôóíêö³îíóâàííÿ. Ìîæíà òà-
êîæ çðîáèòè âèñíîâîê ïðî òå, ùî öåé ãåí 
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Ãåíåòèêà

çàçíàâ ä³¿ äîìåñòèô³êàö³¿, ùî ïðîÿâèëîñÿ ó 
âèãëÿä³ äàíèõ, îòðèìàíèõ ï³ä ÷àñ àíàë³çó 
ñï³ââ³äíîøåííÿ ñèíîí³ì³÷íèõ òà íåñèíîí³-
ì³÷íèõ çàì³í. Âðàõîâóþ÷è éîãî î÷åâèäíó 
àãðîíîì³÷íó âàæëèâ³ñòü, öå º ö³ëêîì çðîçó-
ì³ëèì.

Äî íàéá³ëüø ïîë³ìîðôíèõ ä³ëÿíîê öüîãî 
ãåíà – ³íòðîí³â 2, 6 òà 8 áóâ ðîçðîáëåíèé 
äèçàéí ïðàéìåð³â (äèâ. òàáë.). Ïðîâåäåíèé 
in silico ÏËÐ-àíàë³ç ñâ³ä÷èòü, ùî ðîçðîáëåí³ 
ïàðè ïðàéìåð³â äàþòü ìîæëèâ³ñòü äåòåêòó-
âàòè ïîë³ìîðô³çì ó íóêëåîòèäí³é ïîñë³äîâ-
íîñò³ ãåíà ae1.

Òàáëèöÿ 
²íôîðìàö³ÿ ùîäî ðîçðîáëåíèõ ïàð ïðàéìåð³â 

äî ãåíà aå1 êóêóðóäçè

Ðåã³îí 
ãåíà

Ïàðà ïðàéìåð³â Ðîçì³ð 
ôðàãìåíòà 

àìïë³ô³êàö³¿, 
ï. í.

íàçâà ïîñë³äîâí³ñòü (5’ – 3’) 
(ïðÿìîãî / çâîðîòíîãî)

²íòðîí 2 Zty2 tcctgagggcgagaatgatg 
ctaaatggtggtacagtaca 261, 264

²íòðîí 6 Zty6 ttatttcttcttaatataat 
aaaaatttcccaaacaccaa 137, 138, 139

²íòðîí 8 Zty8 aatggtcatcaatatgttat 
aaaatgatagccggaaaagg

221, 222, 223, 
225

Ìîäåëþâàííÿ åíçèìó SBEIIb êóêóðóäçè 
Äëÿ äîñë³äæåííÿ âïëèâó ïîë³ìîðô³çìó 

ãåíà ae1 íà ôóíêö³îíàëüí³ñòü åíçèìó ðîçãà-
ëóæåííÿ êðîõìàëþ SBEIIb ïðîâåäåíî in silico 
òðàíñëÿö³þ ïðîàíàë³çîâàíèõ íóêëåîòèäíèõ 
ïîñë³äîâíîñòåé. Îòðèìàí³ in silico òðàíñëÿòè 
âèêîðèñòàíî äëÿ ãîìîëîã³÷íîãî ìîäåëþâàííÿ 
òðèâèì³ðíî¿ ñòðóêòóðè åíçèìó SBEIIb êóêó-
ðóäçè ç ìåòîþ âèÿâëåííÿ íàéïåðñïåêòèâí³-
øèõ ç ïîãëÿäó âïëèâó íà ôóíêö³þâàííÿ ïðî-
òå¿íó ñàéò³â. Ïðîòîòèïîì äëÿ ìîäåëþâàííÿ 
ñòðóêòóðè åíçèìó ñëóãóâàâ àíàëîã³÷íèé åí-
çèì, ùî êîäóºòüñÿ ãåíîì ó ðåöåñèâíîìó ñòàí³, 
ÿêèé áóâ ñòðóêòóðíî íàéáëèæ÷èì ãîìîëîãîì 
äîñë³äæóâàíîãî åíçèìó ñåðåä ñòðóêòóð, ïðåä-
ñòàâëåíèõ ó áàç³ äàíèõ Protein data bank 
(PDB). Â ðåçóëüòàò³ àíàë³çó äàíèõ âèÿâëåíî 
çì³íó â êîíôîðìàö³¿ ïðîòå¿íó. Çà ðåçóëüòà-
òîì ìîäåëþâàííÿ çíàéäåíî ñàéò, ÿêèé, ìîæ-
ëèâî, é çóìîâëþº ð³çíèöþ ì³æ äîì³íàíòíèìè 
òà ðåöåñèâíèìè àëåëÿìè ãåíà ae1 êóêóðóäçè.

Âðàõîâóþ÷è òå, ùî ñàìå ãåí aå1 êîäóº åí-
çèì ðîçãàëóæåííÿ êðîõìàëþ SBEIIb, ùî 
áåðå ó÷àñòü ó ïåðåòâîðþâàíí³ àì³ëîçè â àì³-
ëîïåêòèí òà ðåçóëüòàòè ïðîâåäåíîãî äîñë³-
äæåííÿ, ìîæíà çðîáèòè ïðèïóùåííÿ ùîäî 
âïëèâó ïîë³ìîðô³çìó öüîãî ãåíà íà ñï³ââ³ä-
íîøåííÿ àì³ëîçà/àì³ëîïåêòèí, ÿêå âèçíà-
÷àº íàïðÿì âèêîðèñòàííÿ çåðíà êóêóðóäçè. 
Îäíàê äëÿ ï³äòâåðäæåííÿ öüîãî ïðèïóùåí-
íÿ íåîáõ³äíî ïðîâåäåííÿ åêñïåðèìåíòàëüíî¿ 

âåðèô³êàö³¿ ç âèêîðèñòàííÿì ðîçðîáëåíèõ 
ïàð ïðàéìåð³â ó ÏËÐ in vitro íà øèðîê³é 
âèá³ðö³ ë³í³é òà ã³áðèä³â êóêóðóäçè â³ò÷èç-
íÿíî¿ òà çàðóá³æíî¿ ñåëåêö³¿, ùî ð³çíÿòüñÿ 
çà âì³ñòîì àì³ëîçè òà àì³ëîïåêòèíó. Äëÿ 
âñòàíîâëåííÿ êîðåëÿö³¿ ì³æ àëåëüíèì ñòà-
íîì ãåíà àå1 òà êîíöåíòðàö³ºþ àì³ëîçè/àì³-
ëîïåêòèíó íåîáõ³äíî ïðîâåñòè á³îõ³ì³÷íèé 
àíàë³ç çðàçê³â íàñ³ííÿ êóêóðóäçè òà åêñòðà-
ïîëÿö³þ îòðèìàíèõ äàíèõ íà ðåçóëüòàòè 
ÏËÐ-àíàë³çó.

Âèñíîâêè
Çà ðåçóëüòàòàìè á³î³íôîðìàòè÷íîãî àíà-

ë³çó ãåíà aå1 êóêóðóäçè çíàéäåíî ðåã³îíè, 
ùî ì³ñòÿòü ðàí³øå íå âèçíà÷åí³ ïîë³ìîðôí³ 
ä³ëÿíêè. Äëÿ ïîë³ìîðôíèõ ðåã³îí³â ðîçðîá-
ëåíî äèçàéí ïðàéìåð³â, ÿê³ äàþòü ìîæëè-
â³ñòü äèôåðåíö³þâàòè ë³í³¿ êóêóðóäçè. Âè-
çíà÷åíî, ùî âñòàíîâëåíèé ïîë³ìîðô³çì òåî-
ðåòè÷íî çäàòíèé âïëèâàòè íà ôóíêö³þ åíçè-
ìó ðîçãàëóæåííÿ êðîõìàëþ òà, ÿê íàñë³äîê, 
çì³íþâàòè êîíöåíòðàö³þ àì³ëîïåêòèíó â 
çåðí³ êóêóðóäçè. Ö³ ðåçóëüòàòè º îñíîâîþ 
ðîçðîáëåííÿ ôóíêö³îíàëüíèõ ìàðêåð³â ãåíà 
àå1, ÿê³ ìîæíà âèêîðèñòîâóâàòè â ñåëåêö³é-
íèõ ïðîãðàìàõ äëÿ äîáîðó ãåíîòèï³â êóêó-
ðóäçè ç ïåâíîþ ñòðóêòóðîþ êðîõìàëþ åí-
äîñïåðìó çåðíà.

Âèêîðèñòàíà ë³òåðàòóðà
1. Farooq M. Physiology of grain development in cereals / M. Fa-

rooq, A. Wahid, K. H. M. Siddique // Handbook of Plant and Crop 
Physiology / M. Pessarakli (ed.). – 3rd ed. – Boca Raton, FL, 
USA : CRC Press, Taylor & Francis Publishing Group, 2014. –                 
P. 301–308.

2. James M. Seed starch synthesis / M. James, A. Myers // Hand-
book of Maize: Its Biology / J. L. Bennetzen, S. C. Hake (Eds.). 

– New York, USA : Springer, 2009. – P. 439–456. 
doi: 10.1007/978-0-387-79418-1_22.

3. Seed development: OMICS technologies toward improvement of 
seed quality and crop yield / G. K. Agrawal, R. Rakwal (Eds). – 
Dordrecht, NL : Springer, 2012. – 576 p. 
doi: 10.1007/978-94-007-4749-4

4. Starch biosynthetic enzymes from developing maize endo-
sperm associate in multisubunit complexes / T. A. Hennen-           
Bierwagen, F. Liu, R. S. Marsh [et al.] // Plant Physiol. – 2008. 

– Vol. 146, Iss. 4. – P. 1892–1908. doi: 10.1104/pp.108.116285
5. Hennen-Bierwagen T. A. Genomic specification of starch 

biosynthesis in maize endosperm / T. A. Hennen-Bierwagen, 
A. M. Myers // Seed Genomics / P. W. Becraft (Ed.). – Hoboken, 
NJ : John Wiley & Sons, 2013. – P. 123–137. 
doi: 10.1002/9781118525524.ch7

6. National Center for Biotechnology Information (NCBI) data 
base [Åëåêòðîííèé ðåñóðñ]. – Ðåæèì äîñòóïó : 
http://www.ncbi.nlm.nih.gov/

7. Smith T. F. Identification of common molecular subsequences / 
T. F. Smith, M. S. Waterman // J. Mol. Biol. – 1981. – Vol. 147, 
Iss. 1. – P. 195–197. doi: 10.1016/0022-2836(81)90087-5

8. Needleman S. B. A general method applicable to the search for 
similarities in the amino acid sequence of two proteins / S. B. 
Needleman, C. D. Wunsch // J. Mol. Biol. – 1970. – Vol. 48,               
Iss. 3. – Ð. 443–453.



17ISSN 2518-1017  Plant Varieties Studying and protection, 2016, No 3 (32)

Genetics

9. Okonechnikov K. Unipro UGENE: a unified bioinformatics              
toolkit / K. Okonechnikov, O. Golosova, M. Fursov // Bioinfor-
matics. – 2012. – Vol. 28, Iss. 8. – P. 1166–1167. 
doi: 10.1093/bioinformatics/bts091

10. The SWISS-MODEL workspace: a web-based environment for 
protein structure homology modelling / K. Arnold, L. Bordoli, 
F. Kopp, T. Schwede // Bioinformatics. – 2006. – Vol. 22, Iss. 2. 

– P. 195–201. doi: 10.1093/bioinformatics/bti770
11. Sneath P. H. A. Numerical taxonomy: The pri nciples and prac-

tice of numerical classification / P. H. A. Sneath, R. R. Sokal. 
– San Francisco : W. H. Freeman & Co, 1973. – 573 ð.

12. MEGA5: molecular evolutionary genetics analysis using maxi-
mum likelihood, evolutionary distance, and maximum parsi-
mony methods / K. Tamura, D. Peterson, N. Peterson [et al.] 
// Mol. Biol. Evol. – 2011. – Vol. 28, Iss. 10. – P. 2731–2739. 
doi: 10.1093/molbev/msr121

13. Tajima F. Statistical method for testing the neutral mutation 
hypothesis by DNA polymorphism / F. Tajima // Genetics. – 
1989. – Vol. 123, Iss. 3. – P. 585–595. 

References
1. Farooq, M., Wahid, A., & Siddique, K. H. M. (2014). Physiology of 

grain development in cereals. In M. Pessarakli (Ed.), Handbook 
of Plant and Crop Physiology. (3rd ed.). (pp. 301–308). Boca Ra-
ton, FL, USA: CRC Press, Taylor & Francis Publishing Group.

2. James M., & Myers, A. (2009). Seed starch synthesis. In J. L. 
Bennetzen & S. C. Hake (Eds), Handbook of Maize: Its Biology. 
(pp. 439–456). New York, USA: Springer. 
doi: 10.1007/978-0-387-79418-1_22.

3. Agrawal, G. K., & Rakwal, R. (Eds). (2012). Seed development: 
OMICS technologies toward improvement of seed quality and crop 
yield. Dordrecht, NL: Springer. doi: 10.1007/978-94-007-4749-4

4. Hennen-Bierwagen, T. A, Liu, F., Marsh, R. S., Kim, S., Gan, Q., 
Tetlow, I. J., … Myers, A. M. (2008). Starch biosynthetic en-

zymes from developing maize endosperm associate in multi-
subunit complexes. Plant Physiol., 146(4), 1892–1908. 
doi: 10.1104/pp.108.116285

5. Hennen-Bierwagen, T. A., & Myers, A. M. (2013). Genomic 
specification of starch biosynthesis in maize endosperm. 
In P. W. Becraft (Ed.), Seed Genomics. (pp. 123–137). Hobo-
ken, NJ: John Wiley & Sons. 
doi: 10.1002/9781118525524.ch7

6. National Center for Biotechnology Information (NCBI) data base. 
(n.d.). Retrieved from http://www.ncbi.nlm.nih.gov

7. Smith, T. F., & Waterman, M. S. (1981). Identification of common 
molecular subsequences. J. Mol. Biol., 147(1), 195–197. 
doi: 10.1016/0022-2836(81)90087-5

8. Needleman, S. B., & Wunsch, C. D. (1970). A general method 
applicable to the search for similarities in the amino acid se-
quence of two proteins. J. Mol. Biol., 48(3), 443–453.

9. Okonechnikov, K., Golosova, O., & Fursov, M. (2012). Unipro 
UGENE: a unified bioinformatics toolkit. Bioinformatics, 28(8), 
1166–1167. doi: 10.1093/bioinformatics/bts091

10. Arnold, K., Bordoli, L., Kopp, F., & Schwede, T. (2006). The 
SWISS-MODEL workspace: a web-based environment for pro-
tein structure homology modeling. Bioinformatics, 22(2), 195–
201. doi: 10.1093/bioinformatics/bti770

11. Sneath, P. H. A., & Sokal, R. R. (1973). Numerical taxonomy: The 
principles and practice of numerical classification. San Francis-
co: W. H. Freeman & Co.

12. Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., & 
Kumar, S. (2011). MEGA5: molecular evolutionary genetics 
analysis using maximum likelihood, evolutionary distance, and 
maximum parsimony methods. Mol. Biol. Evol., 28(10), 2731–
2739. doi: 10.1093/molbev/msr121

13. Tajima, F. (1989). Statistical method for testing the neutral 
mutation hypothesis by DNA polymorphism. Genetics, 123(3), 
585–595.

ÓÄÊ 633.15.631.527
Ñëèùóê Ã. È., Æåðíàêîâ Ò. Þ., Âîëêîâà Í. Å.* Áèîèíôîðìàòè÷åñêèé àíàëèç ãåíà êóêóðóçû, êîäèðóþùåãî 
ýíçèì âåòâëåíèÿ êðàõìàëà SBEIIb // Ñîðòîâèâ÷åííÿ òà îõîðîíà ïðàâ íà ñîðòè ðîñëèí. – 2016. – ¹ 3. –               
Ñ. 13–18. http://dx.doi.org/10.21498/2518-1017.3(32).2016.75972

Ñåëåêöèîííî-ãåíåòè÷åñêèé èíñòèòóò – Íàöèîíàëüíûé öåíòð ñåìåíîâåäåíèÿ è ñîðòîèçó÷åíèÿ, óë. Îâèäèîïîëüñêàÿ äîðîãà, 3, 
Îäåññà, 65036, Óêðàèíà, *e-mail: natavolki@ukr.net

Öåëü. Èññëåäîâàíèå ïîëèìîðôèçìà ãåíà àå1 êóêóðóçû 
áèîèíôîðìàòè÷åñêèìè ìåòîäàìè. Ìåòîäû. Ãëîáàëüíîå è 
ëîêàëüíîå âûðàâíèâàíèå íóêëåîòèäíûõ è àìèíîêèñëîò-
íûõ ïîñëåäîâàòåëüíîñòåé, in silico òðàíñëÿöèÿ è òðàíñêðèï-
öèÿ, ìîäåëèðîâàíèå òðàíñëÿòîâ, äèçàéí ïðàéìåðîâ, ôèëî-
ãåíåòè÷åñêèé àíàëèç. Ðåçóëüòàòû. Ïðîàíàëèçèðîâàíû 
255 íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ãåíà àe1 êóêóðó-
çû, 500 àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòåé ãîìîëîãîâ 
òðàíñëÿòîâ ãåíà ae1 êóêóðóçû (ãîìîëîãîâ ýíçèìà SBEIIb) 
è 100 ìÐÍÊ, ýêñïðåññèðóþùèõñÿ ñ ãåíà ae1 êóêóðóçû, äëÿ 
óñòàíîâëåíèÿ åãî ôèëîãåíåòè÷åñêèõ âçàèìîñâÿçåé. Áèî-
èíôîðìàòè÷åñêèìè ìåòîäàìè èññëåäîâàí ïîëèìîðôèçì 
ðàçëè÷íûõ ó÷àñòêîâ ãåíà ae1 êóêóðóçû. Îñóùåñòâëåíî ìî-
äåëèðîâàíèå ôåðìåíòà SBEIIb êóêóðóçû. Âûâîäû. Ïî ðå-
çóëüòàòàì âûðàâíèâàíèÿ àìèíîêèñëîòíûõ ïîñëåäîâàòåëü-
íîñòåé ãîìîëîãîâ ôåðìåíòà SBEIIb óñòàíîâëåíî, ÷òî îðòî-
ëîãè ãåíà ae1 ïðèñóòñòâóþò ëèøü ó îäíîäîëüíûõ ðàñòåíèé, 
ïàðàëîãè – ó îäíîäîëüíûõ, äâóäîëüíûõ è äðóãèõ òàêñîíîâ, 

âêëþ÷àÿ âîäîðîñëè è æèâîòíûõ. Ïî ðåçóëüòàòàì âûðàâ-
íèâàíèÿ ìÐÍÊ ðàñòåíèé, ñ êîòîðûõ òðàíñëèðóåòñÿ ýíçèì 
SBEIIb, îïðåäåëåíû êàê îðòîëîãè ãåíà ae1 êóêóðóçû, òàê 
è áëèæàéøèå ïàðàëîãè, êîäèðóþùèå ôåðìåíòû âåòâëåíèÿ 
êðàõìàëà ñ õëîðîïëàñòíîé ëîêàëèçàöèåé; ýòî ñâèäåòåëü-
ñòâóåò î âîçìîæíîì ïðîèñõîæäåíèè ãåíà ae1 â ðåçóëüòàòå 
äóïëèêàöèè ãåíà, êîäèðóþùåãî 1,4-α-ãëþêàí-ýíçèì âåò-
âëåíèÿ êðàõìàëà 2 ñ õëîðîïëàñòíîé èëè àìèëîïëàñòíîé 
ëîêàëèçàöèåé. Â ñòðóêòóðå ãåíà àå1 êóêóðóçû íàéäåíû ðå-
ãèîíû, êîòîðûå âêëþ÷àþò â ñåáÿ íå îïðåäåëåííûå ðàíåå 
ïîëèìîðôíûå ó÷àñòêè. Ê ïîëèìîðôíûì ðåãèîíàì ðàçðà-
áîòàí äèçàéí ïðàéìåðîâ, êîòîðûå ïîçâîëÿþò äèôôåðåí-
öèðîâàòü ëèíèè êóêóðóçû. Îïðåäåëåíî, ÷òî îáíàðóæåííûé 
ïîëèìîðôèçì òåîðåòè÷åñêè ñïîñîáåí âëèÿòü íà ôóíêöèþ 
ôåðìåíòà è â ðåçóëüòàòå ýòîãî èçìåíÿòü êîíöåíòðàöèþ 
àìèëîïåêòèíà â çåðíå êóêóðóçû.

Êëþ÷åâûå ñëîâà: ãåí àå1, ýíçèì âåòâëåíèÿ êðàõìàëà 
SBEIIb, êóêóðóçà, áèîèíôîðìàòè÷åñêèå ïîäõîäû.
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Purpose. Investigation of maize ae1 gene polymorphism 
by bioinformatic methods. Methods. Global and local align-
ment of the nucleotide and amino acid sequences, in silico 
translation and transcription, translates modeling, pri mers 
design, phylogenetic analysis. Results. 255 nucleotide se-
quences of maize àe1 gene, 500 amino acid sequences of 
homology translates of maize ae1 gene (SBEIIb enzyme 
homologs) and 100 mRNA expressed from the maize ae1 
gene were analyzed to establish phylogenetic relationships. 
Polymorphism of maize ae1 gene different regions was in-
vestigated by bioinformatic methods. Modeling of the maize 
enzyme SBEIIb was performed. Conclusions. According to 
the results of amino acid sequences of SBEIIb enzyme homo-
logs alignment, it was found that ae1 gene orthologs are pre-
sent only in monocots, paralogs – in monocots, dicots, and 
other taxa, including algae and animals. Based on the results 

of alignment of plants mRNA from which enzyme SBEIIb is 
translated, maize ae1 gene orthologs and the nearest para-
logs encoding starch branching enzymes with chloroplast 
localization were defined; this suggests a possible origin 
of ae1 gene due to duplication of the gene encoding the 
1,4-alpha-glucan-branching enzyme 2 with chloroplast or 
amyloplast localization. In the maize ae1 gene structure, re-
gions were found that include polymorphic sites not defined 
previously. For the polymorphic sites design primers were de-
veloped that allowed to differentiate the maize lines. It was 
determined that the detection of polymorphism in theory 
can influence the enzyme function and, as a result, change 
the concentration of amylopectin in maize grain.

Keywords: ae1 gene, starch branching enzyme SBEIIb, 
maize, bioinformatic.
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