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Ãåíåòèêà

Âñòóï
Êóêóðóäçà – âàæëèâà êîðìîâà, òåõí³÷íà 

òà õàð÷îâà êóëüòóðà, ÿêà çäàòíà çàáåçïå÷è-
òè êîðìàìè òâàðèííèöòâî òà ñèðîâèíîþ õ³-
ì³÷íó, á³îòåõíîëîã³÷íó òà õàð÷îâó ïðîìèñ-
ëîâ³ñòü. Ñåðåäíÿ âðîæàéí³ñòü çåðíà êóêóðó-
äçè â ñ³ëüñüêîãîñïîäàðñüêèõ ï³äïðèºìñòâàõ 
Óêðà¿íè â 2014 ð. ñòàíîâèëà 6,66 ò/ãà, â 
2015 ð. – 6,11 ò/ãà, òîä³ ÿê äëÿ íàéêðàùèõ 
ã³áðèä³â â³ò÷èçíÿíî¿ ñåëåêö³¿ öåé ïîêàçíèê 

äîñÿãàº 7,92 òà 7,84 ò/ãà â³äïîâ³äíî. Îñòàí-
í³ìè ðîêàìè çåðíî êóêóðóäçè ñòàëî ïðîâ³ä-
íîþ ñêëàäîâîþ åêñïîðòíîãî ïîòåíö³àëó Óê-
ðà¿íè [1, 2]. Ó çâ’ÿçêó ç öèì ïîñòàº àêòóàëü-
íå çàâäàííÿ ñòâîðåííÿ ôîðì êóêóðóäçè ç 
ï³äâèùåíîþ õàð÷îâîþ ö³íí³ñòþ, íîâèìè 
ñïîæèâ÷èìè ÿêîñòÿìè, ÿê³ çàáåçïå÷àòü â³ò-
÷èçíÿíèì ã³áðèäàì êîíêóðåíòîñïðîìîæí³ñòü 
íà ñâ³òîâîìó ðèíêó.

Êóêóðóäçà – îäíà ³ç çåðíîâèõ êóëüòóð, 
ÿêà çäàòíà íàêîïè÷óâàòè â åíäîñïåðì³ íà-
ñ³ííÿ çíà÷íó ê³ëüê³ñòü êàðîòèíî¿ä³â [3]. Êà-
ðîòèíî¿äè – öå êëàñ ðîñëèííèõ ï³ãìåíò³â, 
÷àñòèíà ç ÿêèõ â îðãàí³çì³ ëþäèíè òà òâà-
ðèí ïåðåòâîðþºòüñÿ íà â³òàì³í À. 

Âèõ³äíèì ïîïåðåäíèêîì á³îñèíòåçó êàðî-
òèíî¿ä³â ó êóêóðóäçè âèñòóïàº Ñ

20
-ñïîëóêà 

– ãåðàí³ëãåðàí³ëï³ðîôîñôàò (ÃÃÏÔ). ÃÃÏÔ 
÷åðåç ðÿä ïðîì³æíèõ ïðîäóêò³â ïåðåòâîðþ-
ºòüñÿ íà ïåðøó çàáàðâëåíó ðå÷îâèíó ë³êîï³í 
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Ìåòà. Àíàë³ç àëåëüíîãî ñòàíó êëþ÷îâèõ ãåí³â êàðîòèíîãåíåçó – ãåíà ë³êîï³í-ε-öèêëàçè (lcyε) òà ãåíà 
β-êàðîòèíã³äðîêñèëàçè (crtRB1) çà ÄÍÊ-ìàðêåðàìè lcyε-3’INDL, lcyε-SNP216 òà crtRB1-3’ÒÅ ó ë³í³é êóêóðóäçè â³ò÷èçíÿíî¿ 
ñåëåêö³¿ òà ¿õí³õ ã³áðèä³â. Ìåòîäè. Âèä³ëåííÿ ÄÍÊ, ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ, ãåëü-åëåêòðîôîðåç. Ðåçóëüòàòè. 
Äîñë³äæåíî àëåëüíèé ñòàí êëþ÷îâèõ ãåí³â êàðîòèíîãåíåçó çà ÄÍÊ-ìàðêåðàìè ó âîñüìè ³íáðåäíèõ ë³í³é êóêóðóäçè òà 
¿õí³õ ïðîñòèõ ã³áðèä³â. Ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ó äîñë³äæåí³é äîá³ðö³ ë³í³é ³ ã³áðèä³â áóâ âèÿâëåíèé çà 
ãåíîì β-êàðîòèíã³äðîêñèëàçè äëÿ ìàðêåðà crtRB1-3’TE. Äëÿ öüîãî ãåíà ï³äòâåðäæåíî êîäîì³íàíòíèé õàðàêòåð óñïàä-
êóâàííÿ àëåëåé áàòüê³âñüêèõ ë³í³é ó ïðîñòèõ ã³áðèäàõ. Çà ìàðêåðàìè ãåíà ë³êîï³í-ε-öèêëàçè lcyε-3’INDL òà lcyε-SNP216 
ñåðåä äîñë³äæåíèõ ë³í³é ³ ã³áðèä³â ïîë³ìîðô³çìó íå âèÿâëåíî, âèâ÷åí³ ãåíîòèïè ì³ñòèëè ëèøå ïî îäíîìó âàð³àíòó 
àëåëåé êîæíîãî ìàðêåðà. Äëÿ ë³í³é ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, ‘ÄÊ366çÑ,çÌ’ òà ã³áðèä³â ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, 
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ³ ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ ñë³ä î÷³êóâàòè çíèæåííÿ àêòèâíîñò³ ôåðìåíòó β-êàðîòèíã³äðîêñèëàçè 
âíàñë³äîê ìóòàö³¿ ãåíà crtRB1 ó ðàç³ âïëèâó òðàíñïîçîíîâîãî åëåìåíòà íà 3’-ê³íö³, à òàêîæ ³íã³áóâàííÿ ïåðåõîäó 
β-êàðîòèíó â β-êðèïòîêñàíòèí, ùî äàº çìîãó ïðîãíîçóâàòè íàêîïè÷åííÿ β-êàðîòèíó â çåðí³. Âèñíîâêè. Âíàñë³äîê ïðî-
âåäåíîãî äîñë³äæåííÿ àëåëüíîãî ñòàíó ãåí³â êàðîòèíîãåíåçó â êóêóðóäçè áóëî âñòàíîâëåíî â³äñóòí³ñòü ïîë³ìîðô³çìó 
çà ìàðêåðàìè lcyε-3’INDL òà lcyε-SNP216 ãåíà ë³êîï³í-ε-öèêëàçè ó âîñüìè ³íáðåäíèõ ë³í³é òà ¿õí³õ ïðîñòèõ ã³áðèä³â, ïðè-
÷îìó çà ìàðêåðîì lcyε-3’INDL ó ãåíîìàõ óñ³õ äîñë³äæåíèõ çðàçê³â ì³ñòèòüñÿ ñïðèÿòëèâèé äëÿ íàêîïè÷åííÿ β-êàðîòèíó 
àëåëü. Çà ìàðêåðîì crtRB1-3’TE ãåíà β-êàðîòèíã³äðîêñèëàçè äîñë³äæåíèé ñåëåêö³éíèé ìàòåð³àë âèÿâèâñÿ ïîë³ìîðôíèì. 
Ñïðèÿòëèâèé äëÿ íàêîïè÷åííÿ β-êàðîòèíó àëåëü ãåíà crtRB1 ³äåíòèô³êîâàíî â ë³í³ÿõ ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, 
‘ÄÊ366çÑ,çÌ òà ã³áðèäàõ ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, ‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ³ ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’. Ïðîñò³ ã³áðèäè 
êîäîì³íàíòíî óñïàäêîâóþòü àëåë³ ãåíà β-êàðîòèíã³äðîêñèëàçè ìàòåðèíñüêî¿ òà áàòüê³âñüêî¿ ë³í³é.
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[3, 4], ÿêèé íà íàñòóïíîìó åòàï³ çàçíàº ðå-
àêö³¿ öèêë³çàö³¿. Çà àñèìåòðè÷íî¿ öèêë³çà-
ö³¿ ë³êîï³í ï³ä ä³ºþ ôåðìåíòó ë³êîï³í-ε-
öèêëàçè, ÿêèé êîäóºòüñÿ ãåíîì lcyε, ïåðå-
òâîðþºòüñÿ íà δ-êàðîòèí – ïîïåðåäíèê ñèí-
òåçó α-êàðîòèíó, çåàêñàíòèíó òà ëþòå¿íó. Çà 
ñèìåòðè÷íî¿ öèêë³çàö³¿ ë³êîï³íó ï³ä ä³ºþ 
ôåðìåíòó ë³êîï³í-β-öèêëàçè (êîäóºòüñÿ ãå-
íîì lcyβ) óòâîðþºòüñÿ γ-êàðîòèí, ÿêèé çäà-
òåí ïîåòàïíî ïåðåõîäèòè ó β-êàðîòèí, 
β-êðèïòîêñàíòèí òà çåàêñàíòèí. Ìîëåêóëà 
β-êàðîòèíó, ïîð³âíÿíî ç ³íøèìè êàðîòèíî¿-
äàìè, ì³ñòèòü äâà β-ê³ëüöÿ, ùî çàáåçïå÷óº 
ñèíòåç â³äðàçó äâîõ ìîëåêóë â³òàì³íó À ³ 
ðîáèòü β-êàðîòèí íàéåôåêòèâí³øèì ïîïåðåä-
íèêîì ñèíòåçó öüîãî ö³ííîãî â³òàì³íó â îðãà-
í³çì³ ëþäèíè [5–9].

Äëÿ ï³äâèùåííÿ âì³ñòó ñàìå β-êàðîòèíó â 
çåðí³ êóêóðóäçè âàæëèâî, ùîá óòâîðåíèé 
ë³êîï³í çäåá³ëüøîãî áðàâ ó÷àñòü ó ñèìåòðè÷-
í³é, à íå àñèìåòðè÷í³é öèêë³çàö³¿. Òàêèì 
÷èíîì, ïîòåíö³éíî ïåðñïåêòèâíèì øëÿõîì 
çá³ëüøåííÿ âì³ñòó β-êàðîòèíó â çåðí³ êóêó-
ðóäçè º ³íã³áóâàííÿ åêñïðåñ³¿ ãåí³â, ÿê³ çà-
áåçïå÷óþòü ïåðåòâîðåííÿ ë³êîï³íó íà α-êà-
ðîòèí, òà àêòèâ³çàö³ÿ åêñïðåñ³¿ ãåí³â, â³äïî-
â³äàëüíèõ çà ïåðåòâîðåííÿ ë³êîï³íó íà γ- ³ 
β-êàðîòèí. Ðàçîì ç òèì, ñòðèìóâàííÿ ïåðå-
òâîðåííÿ âæå ñèíòåçîâàíîãî β-êàðîòèíó íà 
β-êðèïòîêñàíòèí òàêîæ ñïðèÿòèìå éîãî íà-
êîïè÷åííþ. Ç öüîãî ïîãëÿäó âèçíà÷àëüíèìè 
äëÿ êóêóðóäçè º äîñë³äæåííÿ ïîë³ìîðô³çìó 
ãåíà ë³êîï³í-ε-öèêëàçè (lcyε) òà ãåíà β-êà-
ðîòèíã³äðîêñèëàçè 1 (crtRB1), ðîçì³ùåíèõ 
â³äïîâ³äíî íà õðîìîñîìàõ 8 ³ 10. 

C. E. Harjes et al. [10] äîñë³äèëè ïîë³ìîð-
ô³çì ãåíà lcyε òà âèÿâèëè òðè ïîë³ìîðôí³ 
ñàéòè, íàéá³ëüøîþ ì³ðîþ ïîâ’ÿçàí³ ç âàð³þ-
âàííÿì âì³ñòó êàðîòèíî¿ä³â, ÿê³ ìîæíà ðîç-
ãëÿäàòè ÿê ìîëåêóëÿðí³ ìàðêåðè àëåëüíîãî 
ñòàíó öüîãî ãåíà: ³íäåë íà 5’-ê³íö³ (ìàðêåð 
lcyε-5’INDL), îäíîíóêëåîòèäíà çàì³íà âñåðå-
äèí³ öüîãî ãåíà (ìàðêåð lcyε-SNP216) òà ³í-
äåë íà 3’-ê³íö³ (ìàðêåð lcyε-3’INDL).

Ãåí crtRB1 º îäíèì ³ç êëþ÷îâèõ ãåí³â á³î-
ñèíòåçó êàðîòèíî¿ä³â ³ ïîâ’ÿçàíèé ç ¿õ íà-
êîïè÷åííÿì ó åíäîñïåðì³ êóêóðóäçè [11–
14]. Íà öåé ÷àñ âèÿâëåíî òðè ïîë³ìîðôí³ 
ä³ëÿíêè öüîãî ãåíà, ÿê³ âïëèâàþòü íà âàð³þ-
âàííÿ êîíöåíòðàö³¿ êàðîòèíî¿ä³â ó çåðí³ ³ 
òàêîæ ðîçãëÿäàþòüñÿ ÿê ìàðêåðè àëåëüíîãî 
ñòàíó öüîãî ãåíà: ä³ëÿíêà íà 5’-ê³íö³, ïîë³-
ìîðô³çì ÿêî¿ çóìîâëåíèé ä³ºþ òðàíñïîçîíî-
âîãî åëåìåíòà (ìàðêåð crtRB1-5’ÒÅ), ä³ëÿí-
êà âñåðåäèí³ ãåíà (ìàðêåð crtRB1-INDl4) òà 
ä³ëÿíêà íà 3’-ê³íö³, ïîë³ìîðô³çì ÿêî¿ òàêîæ 
çóìîâëåíèé ä³ºþ òðàíñïîçîíîâîãî åëåìåíòà 
(ìàðêåð crtRB1-3’ÒÅ) [15]. Âàðòî çàçíà÷èòè, 

ùî ñïðèÿòëèâèé àëåëü çà ìàðêåðîì crtRB1-
3’ÒÅ çäàòåí ñàìîñò³éíî ïîäâî¿òè âì³ñò β-êà-
ðî òèíó â çåðí³ êóêóðóäçè, íåçàëåæíî â³ä àëå-
ëüíîãî ñòàíó ìàðêåðà crtRB1-5’TE òà ìàðêå-
ð³â ãåíà lcyε [14, 16, 17]. 

Ó ë³òåðàòóð³ íåìàº ³íôîðìàö³¿ ùîäî ïî-
øèðåíîñò³ àëåëåé ãåí³â ë³êîï³í-ε-öèêëàçè òà 
β-êàðîòèíã³äðîêñèëàçè ñåðåä â³ò÷èçíÿíèõ 
ñåëåêö³éíèõ çðàçê³â êóêóðóäçè, à òàêîæ 
îñîáëèâîñòåé ¿õ óñïàäêóâàííÿ ó ñàìîçàïèëå-
íèõ ë³í³é òà ¿õí³õ ã³áðèä³â. Ó çâ’ÿçêó ç öèì 
ìåòîþ äîñë³äæåííÿ áóâ àíàë³ç àëåëüíîãî 
ñòàíó êëþ÷îâèõ ãåí³â êàðîòèíîãåíåçó – ãåíà 
ë³êîï³í-ε-öèêëàçè òà ãåíà β-êàðîòèíã³äðî-
êñè ëà çè çà ÄÍÊ-ìàðêåðàìè lcyε-3’INDL, 
lcyε-SNP216 òà crtRB1-3’ÒÅ ó ë³í³é êóêóðó-
äçè â³ò÷èçíÿíî¿ ñåëåêö³¿ òà ¿õí³õ ã³áðèä³â.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåíî 8 ïåðñïåêòèâíèõ ³íáðåäíèõ 

ë³í³é êóêóðóäçè (Zea mays L.), ñòâîðåíèõ              
ó ÄÓ ²íñòèòóò çåðíîâèõ êóëüòóð ÍÀÀÍ              
(ì. Äí³ïðî), òà ¿õí³õ ïðîñòèõ ã³áðèä³â. 

ÄÍÊ âèä³ëÿëè ç ï’ÿòè-ñåìè 7-äîáîâèõ ïðî-
ðîñòê³â êîæíîãî ãåíîòèïó çà ìîäèô³êîâàíèì 
ÑÒÀÂ-ìåòîäîì [18]. Àëåëüíèé ñòàí ãåí³â, ùî 
áåðóòü ó÷àñòü ó äåòåðì³íàö³¿ êàðîòèíîãåíåçó, 
âèçíà÷àëè çà äîïîìîãîþ ÄÍÊ-ìàðêåð³â              
lcyε-3’INDL, lcyε-SNP216 òà crtRB1-3’ÒÅ – ç 
âèêîðèñòàííÿì ìåòîä³â ïîë³ìåðàçíî¿ ëàíöþ-
ãîâî¿ ðåàêö³¿ (ÏËÐ) òà ãåëü-åëåêòðîôîðåçó. 
Íóêëåîòèäí³ ïîñë³äîâíîñò³ ïðàéìåð³â äëÿ 
àìïë³ô³êàö³¿ â³äïîâ³äíèõ ä³ëÿíîê ÄÍÊ-ìàð-
êåð³â íàâåäåíî â òàáëèö³ 1. 

Îñê³ëüêè äëÿ ìàðêåðà lcyε-SNP216 î÷³êó-
ºòüñÿ ïîÿâà íóëü-àëåëÿ ç â³äñóòí³ñòþ áóäü-
ÿêî¿ ñìóãè íà åëåêòðîôîðåòè÷í³é äîð³æö³, 
äëÿ ï³äòâåðäæåííÿ íàÿâíîñò³ ÄÍÊ çðàçêà 
ïðîâîäèëè äóïëåêñíó ÏËÐ ç äîäàâàííÿì ó 
ðåàêö³éíó ñóì³ø, êð³ì ïðàéìåð³â äî ìàðêå-
ðà lcyε-SNP216, ïðàéìåð³â äî ãåíà àëêîãîëü-
äåã³äðîãåíàçè êóêóðóäçè adh1 (âíóòð³øí³é 
êîíòðîëü): Adh-F3: cgtcgtttcccatctcttcctcc, 
Adh-R1: gacagaggagaaacaaggcg. Ó äóïëåêñ í³é 
ÏËÐ äëÿ ãåíà adh1 î÷³êóâàëè ïîÿâó ñìóãè 
ðîçì³ðîì 234 ï.í. 

Ðåàêö³éíà ñóì³ø äëÿ ÏËÐ îäíîãî çðàçêà 
îá’ºìîì 20 ìêë ì³ñòèëà: DreamTaqTMGreen 
áóôåð, (6õ) – 2 ìêë; DreamTaqTM ïîë³ìåðàçó 
(ThermoScientific), (5 îä./ìêë) – 0,2 ìêë; 
ñóì³ø äåçîêñèðèáîíóêëåîòèä³â – ïî 200 ìêM 
êîæíîãî dNTP; ïðÿìèé ïðàéìåð – 0,2 ìêM; 
çâîðîòíèé ïðàéìåð – 0,2 ìêM; çðàçîê ÄÍÊ – 
30 íã.

ÏËÐ ïðîâîäèëè çã³äíî ç ìåòîäèêîþ 
T. Safawo et al. [5] çà òàêèõ óìîâ: ïî÷àòêîâà 
äåíàòóðàö³ÿ – ïðè òåìïåðàòóð³ 94 °Ñ ïðîòÿ-
ãîì 5 õâ; äàë³ 40 öèêë³â, ÿê³ âêëþ÷àëè òàê³ 
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ñòàä³¿, ÿê äåíàòóðàö³ÿ (ïðè 94 °Ñ ïðîòÿãîì 
1 õâ), â³äïàë ïðàéìåð³â (ïðè 60 °Ñ ïðîòÿãîì 
1 õâ) òà åëîíãàö³ÿ (ïðè 72 °Ñ ïðîòÿãîì 1 õâ). 
Ê³íöåâó åëîíãàö³þ çä³éñíþâàëè ïðè 72 °Ñ 
ïðîòÿãîì 5 õâ, ôàçà îõîëîäæåííÿ ïðîõîäè-
ëà ïðè +10 °Ñ.

Â³çóàë³çóâàëè ïðîäóêòè àìïë³ô³êàö³¿ ï³ñ-
ëÿ åëåêòðîôîðåòè÷íîãî ðîçä³ëåííÿ ó 2%-ìó 
àãàðîçíîìó ãåë³ çà äîïîìîãîþ ïðèëàäó 
GelDocTM (BioRad). 

Ðåçóëüòàòè äîñë³äæåíü
Çà ìàðêåðîì lcyε-3’INDL ãåí lcyε ïîòåíö³é-

íî ìîæå ìàòè äâà àëåë³, ÿê³ íà åëåêòðîôîðå-
ãðàìàõ ðåºñòðóþòüñÿ ÿê ñìóãè 144+502 ï.í. 
(ñïðèÿòëèâèé àëåëü) òà 399+502 ï.í. (íåñïðè-
ÿòëèâèé àëåëü). Çà ìàðêåðîì lcyε-SNP216 òà-
êîæ îïèñàíî äâà ìîæëèâ³ àëåëüí³ ñòàíè: ïî-
ïåðøå, ïîÿâà íà åëåêòðîôîðåãðàìàõ ñìóãè 
ðîçì³ðîì 395 ï.í., ùî â³äïîâ³äàº íàÿâíîñò³ 
â öüîìó ìàðêåðíîìó ñàéò³ íóêëåîòèäó ç àçî-
òèñòîþ îñíîâîþ òèì³í (T, íåñïðèÿòëèâèé 
àëåëü); ïî-äðóãå, â³äñóòí³ñòü ñìóã íà åëåê-
òðîôîðåãðàìàõ, òîáòî íóëü-àëåëü, ùî â³äïî-
â³äàº íàÿâíîñò³ â ìàðêåðíîìó ñàéò³ íóêëåî-
òèäó ç àçîòèñòîþ îñíîâîþ ãóàí³í (G, ñïðèÿò-
ëèâèé àëåëü) [10].

Ïîë³ìîðô³çì ãåíà crtRB1 çà ìàðêåðîì 
crtRB1-3’ÒÅ ïðîÿâëÿºòüñÿ â ïîÿâ³ òðüîõ àëå-
ëåé, ÿê³ íà åëåêòðîôîðåãðàìàõ ôîðìóþòü ñìó-
ãè ðîçì³ðîì 543 ï.í. (àëåëü 1), 296+875 ï.í. 
(àëåëü 2) òà 296 ï.í. (àëåëü 3). Àëåëü 1 â³äî-
ìèé ÿê ñïðèÿòëèâèé äëÿ ï³äâèùåíîãî âì³ñ-
òó β-êàðîòèíó [14, 19, 20], òîä³ ÿê àëåë³ 2 òà 
3 ìàþòü íåñïðèÿòëèâèé åôåêò [15]. 

Ðåçóëüòàòè åëåêòðîôîðåòè÷íîãî ðîçïîä³-
ëó ïðîäóêò³â àìïë³ô³êàö³¿ ó ë³í³é êóêóðó-
äçè òà ¿õí³õ ã³áðèä³â íà ïðèêëàä³ ìàðêåðà 
crtRB1-3’TE íàâåäåíî íà ðèñóíêó 1. Ó òàá-
ëèö³ 2 âì³ùåíî óçàãàëüíåí³ äàí³ ùîäî àëåëü-
íîãî ñòàíó ãåí³â êàðîòèíîãåíåçó çà ìàðêåðà-

ìè lcyε-3’INDL, lcyε-SNP216 òà crtRB1-3’TE 
äëÿ âñ³õ äîñë³äæåíèõ ë³í³é ³ ã³áðèä³â.

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ 
ë³í³é ³ ã³áðèä³â êóêóðóäçè ç ìàðêåðîì crtRB1-3’TE: 
Ì – ìàðêåð ìîëåêóëÿðíî¿ ìàñè ç êðîêîì 100 ï.í.; 

1 – ‘ÄÊ253ÇÑÇÌ’; 2 –‘ÄÊ296Ñ’; 
3 – ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’; 4 – ‘ÄÊ272Ñ’; 

5 – ‘ÄÊ633/266çÑ,çÌ’; 6 – ‘ÄÊ272Ñ×ÄÊ633/266çÑ,Çì’

Óñ³ ïðîàíàë³çîâàí³ ë³í³¿ áóëè ãîìîçèãîòíè-
ìè çà âèêîðèñòàíèìè ìîëåêóëÿðíèìè ìàð-
êåðàìè.

Çà ìàðêåðîì lcyε-3’INDL óñ³ ïðîàíàë³çîâàí³ 
ë³í³¿ òà ¿õí³ ã³áðèäè ìàëè àëåëü 144+502 ï.í., 
ùî, çà ë³òåðàòóðíèìè äàíèìè, ñâ³ä÷èòü ïðî 
íàÿâí³ñòü ìóòàö³¿, ñïðèÿòëèâî¿ äëÿ ï³äâè-
ùåííÿ âì³ñòó β-êàðîòèíó â çåðí³ êóêóðóäçè 
÷åðåç áëîêóâàííÿ ïåðåõîäó ë³êîï³íó â 
α-êàðîòèí. Çà äàíèìè C. E. Harjes et al. [10], 
ç 280 ë³í³é êóêóðóäçè ñåëåêö³¿ CIMMYT 
àëåëü 144+502 ï.í. ìàëè 21,79%, à àëåëü 
399+502 ï.í. – 78,21%.

Ó äóïëåêñí³é ÏËÐ äëÿ ìàðêåðà lcyε-SNP216 
òà ãåíà adh1 ó âñ³õ çðàçê³â áóëî âèÿâëåíî 
ñìóãó ðîçì³ðîì 234 ï.í., ùî ñâ³ä÷èòü ïðî 
íàÿâí³ñòü ÄÍÊ êóêóðóäçè â ñóì³ø³ äëÿ ÏËÐ. 
Çà ìàðêåðîì lcyε-SNP216 ó âñ³õ ïðîàíàë³çî-
âàíèõ ë³í³ÿõ òà ã³áðèäàõ ³äåíòèô³êîâàíî 
àëåëü Ò (òèì³í), ÿêèé º íåñïðèÿòëèâèì äëÿ 
íàêîïè÷åííÿ β-êàðîòèíó. Àëüòåðíàòèâíèé 
àëåëüíèé ñòàí ìàðêåðà lcyε-SNP216 – G (ãó-

Òàáëèöÿ 1
Õàðàêòåðèñòèêà ÄÍÊ-ìàðêåð³â ãåí³â êàðîòèíîãåíåçó, âèêîðèñòàíèõ ó äîñë³äæåíí³

Ìîëåêóëÿðíèé ìàðêåð
Íóêëåîòèäíà ïîñë³äîâí³ñòü ïðÿìîãî (F) 

òà çâîðîòíîãî (R) ïðàéìåð³â Ïîñèëàííÿ
Ïîçíà÷åííÿ Ëîêàë³çàö³ÿ ãåíà

(íîìåð õðîìîñîìè, íîìåð á³íà)
Ãåí ë³êîï³í-ε-öèêëàçè êóêóðóäçè (lcyε)

lcyε-3’INDL 8.05

F1: gtacgtcgttcatctccgtaccc
R1: cttggtgaacgcatttctgttgg
F2: ggaccggaacagccaactg
R2: ggcgaaatgggtacggcc

[10] 

lcyε-SNP216 8.05 F: gcggcagtgggcgtggat
R: tgaagtacggctgcaggacaacg [10]

Ãåí β-êàðîòèíã³äðîêñèëàçè êóêóðóäçè (crtRB1)

crtRB1-3’TE 10.05
F: acaccacatggacaagttcg
R1: acactctggcccatgaacac
R2: acagcaatacaggggaccag

[15]

900 ï.í.

296 ï.í.296 ï.í.

Ì         1           2          3            4          5           6Ì         1           2          3            4          5           6
875 ï.í.875 ï.í.

543 ï.í.543 ï.í.
500 ï.í.
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àí³í) ó äîñë³äæåíîìó ñåëåêö³éíîìó ìàòåð³à-
ë³ íå áóâ âèÿâëåíèé. Ó äîñë³äæåíí³ C. E. Ha-
rjes et al. [10] ç 277 ë³í³é ñåëåêö³¿ CIMMYT, 
ïðîàíàë³çîâàíèõ çà ìàðêåðîì lcyε-SNP216, 
àëåëü T ìàëè 38,63%, à àëåëü G – 61,37%. 
Íàÿâí³ñòü ó ïðîàíàë³çîâàíèõ ñåëåêö³éíèõ 
çðàçêàõ ëèøå îäíîãî ìîæëèâîãî ñòàíó ãåíà 
lcyε çà ìàðêåðàìè lcyε-3’INDL òà lcyε-SNP216 
ìîæå áóòè ïîâ’ÿçàíà ç ë³ì³òîâàíîþ ê³ëüê³ñ-
òþ ë³í³é, çàëó÷åíèõ äî åêñïåðèìåíòó.

Çà ìàðêåðîì crtRB1-3’TE ãåíà β-êàðîòèí-
ã³äðîêñè ëàçè â äîá³ðö³ äîñë³äæåíèõ ë³í³é òà 
ã³áðèä³â áóëè âèÿâëåí³ âñ³ òðè ìîæëèâ³ àëå-
ë³: àëåëü 1 (ñìóãà ó 543 ï.í.), àëåëü 2 (ñìóãè 
ðîçì³ðîì ó 296 ï.í. òà 875 ï.í. îäíî÷àñíî) 
òà àëåëü 3 (ñìóãà ó 296 ï.í.). Áàòüê³âñüê³ 
ë³í³¿ ã³áðèäà ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’ áóëè 
êîíòðàñòíèìè çà àëåëüíèì ñòàíîì ìàðêåðà 
crtRB1-3’TE: ìàòåðèíñüêà ë³í³ÿ ‘ÄÊ296Ñ’ 
íåñëà àëåëü 2 (296+875 ï.í.), áàòüê³âñüêà 
ë³í³ÿ ‘ÄÊ253ÇÑÇÌ’ – ñïðèÿòëèâèé àëåëü 1 
(543 ï.í.) Ó ÄÍÊ ã³áðèäà F

1
 öèõ äâîõ ë³í³é áó-

ëè íàÿâí³ îáèäâà àëåë³: àëåëü 2 (296+875 ï.í.) 
– â³ä ìàòåð³ òà àëåëü 1 (543 ï.í.) – â³ä áàòüêà. 
Òàêèì ÷èíîì, ã³áðèä ïåðøîãî ïîêîë³ííÿ 
‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’ ó ãåòåðîçèãîò³ í³ñ 
ñïðèÿòëèâèé àëåëü ãåíà β-êàðîòèíã³äðî-
êñèëàçè. Íàâåäåí³ çàêîíîì³ðíîñò³ ðîçïîä³ëó 
àëåëåé ï³äòâåðäæóâàëèñÿ ³ ï³ä ÷àñ àíàë³çó ÄÍÊ 
ï’ÿòè îêðåìèõ ðîñëèí ë³í³¿ ‘ÄÊ296Ñ’ òà ï’ÿòè 
îêðåìèõ ðîñëèí ã³áðèäà ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’.

Áàòüê³âñüê³ ë³í³¿ íàñòóïíîãî ã³áðèäà 
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ òàêîæ áóëè êîíò-
ðàñò íèìè çà àëåëüíèì ñòàíîì ìàðêåðà 
crtRB1-3’TE. Ìàòåðèíñüêà ë³í³ÿ ‘ÄÊ272Ñ’ 
íåñëà íåñïðèÿòëèâèé àëåëü 3 ó 296 ï.í., 
áàòüê³âñüêà ë³í³ÿ ‘ÄÊ633/266çÑ,çÌ’ – ñïðè-
ÿòëèâèé àëåëü 1 ðîçì³ðîì 543 ï.í. Ã³áðèä 
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ì³ñòèâ îáèäâà 

àëåë³ öüîãî ìàðêåðà, 296 ï.í. òà 543 ï.í., ùî 
º   î÷³êóâàíèì   äëÿ   êîäîì³íàíòíîãî   ìàðêå-
ðà. Àíàëîã³÷íà ñèòóàö³ÿ çà ìàðêåðîì                       
crtRB1-3’TE çàô³êñîâàíà ³ äëÿ ã³áðèäà 
‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ òà éîãî áàòüê³âñüêèõ 
ë³í³é. Ë³í³¿ ‘ÄÊÂ3262’, ‘ÐÍÒ60’ òà ¿õí³é ã³á-
ðèä ‘ÄÊÂ3262×ÐÍÒ60’ çà ìàðêåðîì crtRB1-3’TE 
áóëè ìîíîìîðôíèìè ³ íåñëè ëèøå íåñïðèÿò-
ëèâèé àëåëü 3 ðîçì³ðîì 296 ï.í. 

Ïîë³ìîðô³çì çà ìàðêåðîì crtRB1-3’TE 
áóâ âèÿâëåíèé ó ðÿä³ äîñë³äæåíü. Òàê, â ðî-
áîò³ [14] ÷àñòîòà çóñòð³÷àëüíîñò³ ñïðèÿòëè-
âîãî àëåëÿ 543 ï.í. ñåðåä 70 ë³í³é êóêóðó-
äçè, çàä³ÿíèõ â ñåëåêö³éíèõ ïðîãðàìàõ â 
²íä³¿, ñòàíîâèëà 5,71%. Ó äîñë³äæåííÿõ [8, 
9] çà öèì æå ìàðêåðîì ñåðåä 385 ë³í³é ñïðè-
ÿòëèâèé àëåëü 1 (543 ï.í.) ìàëè 3,90%, à 
íåñïðèÿòëèâ³ àëåë³ 2 (296+875 ï.í.) òà 3 
(296 ï.í.) – 13,25% òà 82,86% ë³í³é â³äïî-
â³äíî. Ñåðåä 15 ë³í³é ç³ ñïðèÿòëèâèì àëåëåì 
ï’ÿòü íàëåæàëè äî ñåëåêö³éíî¿ ïðîãðàìè 
CIMMYT, ðåøòà – äî ³íä³éñüêî¿ ñåëåêö³éíî¿ 
ïðîãðàìè. 

Òàêèì ÷èíîì, ìîëåêóëÿðíî-ãåíåòè÷íèé ïî-
ë³ìîðô³çì ó äîñë³äæåí³é äîá³ðö³ ë³í³é ³ ã³á-
ðèä³â êóêóðóäçè áóâ âèÿâëåíèé çà îäíèì ç 
òðüîõ ìàðêåð³â – ìàðêåðîì ãåíà β-êàðîòèí-
ã³äðîêñèëàçè crtRB1-3’TE. Äëÿ öüîãî ìàðêå-
ðà ï³äòâåðäæåíî êîäîì³íàíòíèé õàðàêòåð 
óñïàäêóâàííÿ àëåëåé áàòüê³âñüêèõ ë³í³é ó 
ïðîñòèõ ã³áðèäàõ. Çà ìàðêåðàìè ãåíà ë³êîï³í-
ε-öèêëàçè lcyε-3’INDL òà lcyε-SNP216 ñåðåä 
äîñë³äæåíèõ ë³í³é ³ ã³áðèä³â ïîë³ìîðô³çìó íå 
áóëî âèÿâëåíî, âîíè ì³ñòèëè ëèøå ïî îäíîìó 
âàð³àíòó àëåëåé êîæíîãî ìàðêåðà.

Ó ë³í³é ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, 
‘ÄÊ366çÑ,çÌ’ ³ ã³áðèä³â ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, 
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ³ ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ 
ñë³ä î÷³êóâàòè çíèæåííÿ àêòèâíîñò³ ôåðìåíòó 

Òàáëèöÿ 2
Àëåëüíèé ñòàí ãåí³â êàðîòèíîãåíåçó çà ÄÍÊ-ìàðêåðàìè â ë³í³é êóêóðóäçè

òà ¿õí³õ ã³áðèä³â 

Ë³í³ÿ àáî ã³áðèä
Àëåëüíèé ñòàí ãåí³â

ë³êîï³í-ε-öèêëàçà β-êàðîòèíã³äðîêñèëàçà
lcyε-3’INDL, ï.í. lcyε-SNP216 crtRB1-3’TE, ï.í.

‘ÄÊ296Ñ’ 144+502 T 296+875
‘ÄÊ253ÇÑÇÌ’ 144+502 T 543
‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’ 144+502 T 296+543+875
‘ÄÊ272Ñ’ 144+502 T 296
‘ÄÊ633/266çÑ,çÌ’ 144+502 T 543
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ 144+502 T 296+543
‘ÄÊ231Ñ’ 144+502 T 296
‘ÄÊ366çÑ,çÌ’ 144+502 T 543
‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ 144+502 T 296+543
‘ÄÊÂ3262’ 144+502 T 296
‘ÐÍÒ60’ 144+502 T 296
‘ÄÊÂ3261×ÐÍÒ60’ 144+502 T 296

Ïðèì³òêà. Ò – àçîòèñòà îñíîâà òèì³í.
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β-êàðîòèí ã³äðî êñè ëàçè ÷åðåç ìóòàö³þ ãåíà 
crtRB1 çà âïëèâó òðàíñïîçîíîâîãî åëåìåíòó íà 
3’-ê³íö³, à òàêîæ ³íã³áóâàííÿ ïåðåõîäó β-êà-
ðîòèíó â β-êðèïòî êñàíòèí òà íàêîïè÷åííÿ 
β-êà ðîòèíó â çåðí³.

Äëÿ ã³áðèä³â F
1
 ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, 

‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ³ ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ 
ó ðàç³ âèêîðèñòàííÿ ôåðòèëüíèõ ôîðì äîá³ð 
ó ïîòîìñòâ³ â³ä ñàìîçàïèëåííÿ íà ï³äâèùåí-
íÿ ÷àñòîòè àëåëÿ ìàðêåðà crtRB1-3’TE, ñïðè-
ÿòëèâîãî äëÿ êàðîòèíîãåíåçó, áóäå åôåêòèâ-
íèì ³ äàñòü ìîæëèâ³ñòü ó ïîäàëüøèõ öèêëàõ 
³íáðèäèíãó òà äîáîð³â ïåðåâåñòè ãåí β-êàðî-
òèíã³äðîêñèëàçè íà ä³ëÿíö³ crtRB1-3’TE â 
ãîìîçèãîòíèé ñòàí ó ðàç³ ïîºäíàííÿ çà ðàõó-
íîê ðåêîìá³íàö³¿ ç ³íøèìè êîðèñíèìè îçíà-
êàìè. Â òîé æå ÷àñ, äîá³ð íà ï³äâèùåííÿ 
÷àñòîòè àëåëåé ãåí³â lcyε òà crtRB1 ó ïîòîì-
ñòâ³ ã³áðèäà ‘ÄÊÂ3262×ÐÍÒ60’ â³ä ñàìîçàïè-
ëåííÿ áóäå íååôåêòèâíèì.

Âèñíîâêè
Ïðîâåäåíå äîñë³äæåííÿ àëåëüíîãî ñòàíó 

êëþ÷îâèõ ãåí³â êàðîòèíîãåíåçó â êóêóðóäçè 
ñâ³ä÷èòü ïðî â³äñóòí³ñòü ïîë³ìîðô³çìó çà 
ìàðêåðàìè lcyε-3’INDL òà lcyε-SNP216 ãåíà 
ë³êîï³í-ε-öèêëàçè ó âîñüìè ³íáðåäíèõ ë³í³-
ÿõ òà ¿õí³õ ÷îòèðüîõ ïðîñòèõ ã³áðèäàõ, ïðè-
÷îìó çà ìàðêåðîì lcyε-3’INDL ãåíîìè äîñë³-
äæåíèõ çðàçê³â ì³ñòÿòü ñïðèÿòëèâèé äëÿ 
íàêîïè÷åííÿ β-êàðîòèíó àëåëü.

Çà ìàðêåðîì crtRB1-3’TE ãåíà β-êàðîòèí-
ã³äðîêñèëàçè äîñë³äæåíèé ñåëåêö³éíèé ìà-
òåð³àë º ïîë³ìîðôíèì. Ñïðèÿòëèâèé äëÿ íà-
êîïè÷åííÿ β-êàðîòèíó àëåëü âèÿâëåíî â ë³-
í³ÿõ ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, 
‘ÄÊ366çÑ,çÌ’ ³ ã³áðèäàõ ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, 
‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ ³ ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’. 
Ïðîñò³ ã³áðèäè êîäîì³íàíòíî óñïàäêîâóþòü àëå-
ë³ ìàðêåðà crtRB1-3’TE ìàòåðèíñüêî¿ òà áàòü-
ê³âñüêî¿ ë³í³é.
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Öåëü. Àíàëèç àëëåëüíîãî ñîñòîÿíèÿ êëþ÷åâûõ ãå-
íîâ êàðîòèíîãåíåçà – ãåíà ëèêîïèí-ε-öèêëàçû (lcyε) è 
ãåíà β-êàðîòèíãèäðîêñèëàçû (crtRB1) ïî ÄÍÊ-ìàðêåðàì 
ó ëèíèé êóêóðóçû îòå÷åñòâåííîé ñåëåêöèè è èõ ãèáðè-
äîâ. Ìåòîäû. Âûäåëåíèå ÄÍÊ, ïîëèìåðàçíàÿ öåïíàÿ 
ðåàêöèÿ, ãåëü-ýëåêòðîôîðåç. Ðåçóëüòàòû. Èññëåäîâàíî 
àëëåëüíîå ñîñòîÿíèå êëþ÷åâûõ ãåíîâ êàðîòèíîãåíåçà ó 
âîñüìè èíáðåäíûõ ëèíèé êóêóðóçû è èõ ïðîñòûõ ãèáðè-
äîâ. Ìîëåêóëÿðíî-ãåíåòè÷åñêèé ïîëèìîðôèçì â èññëåäî-
âàííîé âûáîðêå ëèíèé è ãèáðèäîâ áûë âûÿâëåí ïî ãåíó 
β-êàðîòèíãèäðîêñèëàçû äëÿ ìàðêåðà crtRB1-3’TE. Äëÿ 
ýòîãî ãåíà ïîäòâåðæäåí êîäîìèíàíòíûé õàðàêòåð íà-
ñëåäîâàíèÿ àëëåëåé ðîäèòåëüñêèõ ëèíèé â ïðîñòûõ ãè-
áðèäàõ. Ïî ìàðêåðàì ãåíà ëèêîïèí-ε-öèêëàçû lcyε-3’INDL 
è lcyε-SNP216 ñðåäè èññëåäîâàííûõ ëèíèé è ãèáðèäîâ 
ïîëèìîðôèçìà íå áûëî âûÿâëåíî, èçó÷åííûå ãåíîòèïû 
èìåëè ïî îäíîìó âàðèàíòó àëëåëåé êàæäîãî ìàðêåðà. Äëÿ 
ëèíèé ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, ‘ÄÊ366çÑ,çÌ’ è ãè-
áðèäîâ ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, ‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ è 

‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’ ñëåäóåò îæèäàòü ñíèæåíèÿ àêòèâíîñ-
òè ôåðìåíòà β-êàðîòèíãèäðîêñèëàçû â ðåçóëüòàòå ìóòà-
öèè ãåíà crtRB1 ïîä âîçäåéñòâèåì òðàíñïîçîíîâîãî ýëå-
ìåíòà íà 3’-êîíöå, èíãèáèðîâàíèÿ ïåðåõîäà β-êàðîòèíà 
â β-êðèïòîêñàíòèí, ÷òî ïîçâîëÿåò ïðîãíîçèðîâàòü íàêîï-
ëåíèå β-êàðîòèíà â çåðíå. Âûâîäû. Â ðåçóëüòàòå ïðîâå-
äåííîãî èññëåäîâàíèÿ àëëåëüíîãî ñîñòîÿíèÿ ãåíîâ êàðî-
òèíîãåíåçà ó êóêóðóçû áûëî óñòàíîâëåíî îòñóòñòâèå ïî-
ëèìîðôèçìà ïî ìàðêåðàì lcyε-3’INDL è lcyε-SNP216 ãåíà 
ëèêîïèí-ε-öèêëàçû ó âîñüìè èíáðåäíûõ ëèíèé è èõ ïðî-
ñòûõ ãèáðèäîâ, ïðè÷åì ïî ìàðêåðó lcyε-3’INDL â ãåíîìàõ 
âñåõ èçó÷åííûõ îáðàçöîâ ñîäåðæèòñÿ áëàãîïðèÿòíûé äëÿ 
íàêîïëåíèÿ β-êàðîòèíà àëëåëü. Ïî ìàðêåðó crtRB1-3’TE 
ãåíà β-êàðîòèíãèäðîêñèëàçû èçó÷åííûé ñåëåêöèîííûé 
ìàòåðèàë îêàçàëñÿ ïîëèìîðôíûì. Áëàãîïðèÿòíûé äëÿ íà-
êîïëåíèÿ β-êàðîòèíà àëëåëü ãåíà crtRB1 èäåíòèôèöèðî-
âàí ó ëèíèé ‘ÄÊ253ÇÑÇÌ’, ‘ÄÊ633/266çÑ,çÌ’, ‘ÄÊ366çÑ,çÌ’ è 
ãèáðèäîâ ‘ÄÊ296Ñ×ÄÊ253ÇÑÇÌ’, ‘ÄÊ272Ñ×ÄÊ633/266çÑ,çÌ’ 
è ‘ÄÊ231Ñ×ÄÊ366çÑ,çÌ’. Ïðîñòûå ãèáðèäû êîäîìèíàíòíî 
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Purpose. The analysis of allelic status of such key genes 
of carotenogenesis as gene of lycopene-ε-cyclase (lcyε) and 
gene of β-carotene hydroxylase (crtRB1) for DNA-markers in 
domestic maize lines and their hybrids. Methods. DNA isola-
tion, PCR, gel electrophoresis. Results. Allelic status of key 
genes of carotenogenesis was investigated in eight maize 
inbred lines and their single crosses. Molecular genetic 
polymorphism in the studied sample of maize lines and hyb-
rids has been detected in gene of β-carotene hydroxylase 
for marker crtRB1-3’TE. For this gene, codominant character 
of inheritance of alleles of parental lines in single crosses 
was confirmed. For markers of gene of lycopene-ε-cyclase 
lcyε-3’INDL and lcyε-SNP216, polymorphism in the group of 
investigated lines and hybrids has not been identified, gen-
otypes included only one variant of alleles for each marker. 
For lines ‘DK253ZSZM’, ‘DK633/266zS,zM’, ‘DK366zS,zM’ and 
hybrids ‘DK296S×DK253ZSZM’, ‘DK272S×DK633/266zS,zM’ 
and ‘DK231S×DK366zS,zM’, the decrease of the activi-
ty of β-carotene hydroxylase owing to the mutation of 
gene crtRB1 under the influence of transposone element 

at the 3’-end, the inhibition of β-carotene transition into 
β-cryptoxanthin can be expected, that allows to predict 
β-carotene accumulation in grain. Conclusions. The study 
of allelic status of carotenegenesis gene of lycopene-ε-
cyclase in maize showed no polymorphism for markers 
lcyε-3’INDL and lcyε-SNP216 in eight inbred lines and their 
single crosses, along with this, for marker lcyε-3’INDL in ge-
nomes of all studied samples the allele was identified to be 
favorable for the accumulation of β-carotene. For marker 
crtRB1-3’TE of gene of β-carotene hydroxylase, the studied 
breeding material was polymorphic. Allele of crtRB1 being 
favorable for the accumulation of β-carotene was identified 
in lines ‘DK253ZSZM’, ‘DK633/266zS,zM’, ‘DK366zS,zM’ and 
hybrids ‘DK296S×DK253ZSZM’, ‘DK272S×DK633/266zS,zM’ 
and ‘DK231S×DK366zS,zM’. Single crosses inherit maternal 
and paternal alleles of gene of β-carotene hydroxylase co-
dominantly.

Keywords: allele, molecular genetic markers, carotenoge-
nesis, maize, line, hybrid.
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