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Biotechnology and biosafety

Біотехнологія
та біобезпека

Âñòóï
Åêñïåðèìåíòàëüíèé àíäðîãåíåç – öå ñïîñ³á 

îòðèìàííÿ ãàïëî¿äíèõ ðîñëèí íà æèâèëüíèõ 
ñåðåäîâèùàõ in vitro ç ³çîëüîâàíèõ ïèëÿê³â 
àáî ì³êðîñïîð. Â óìîâàõ ³n vitro ³íäóêö³ÿ 
óòâîðåííÿ åìáð³î¿ä³â ìîæå â³äáóâàòèñÿ äâî-
ìà øëÿõàìè: ïðÿìèì – áåçïîñåðåäíüî â 
êóëüòóð³ ïèëÿê³â ³ ì³êðîñïîð òà íåïðÿìèì – 
çà ðàõóíîê óòâîðåííÿ êàëóñó òà ³íäóêö³¿ ñî-
ìàòè÷íèõ çàðîäê³â [1]. Åìáð³î¿ä – öå çàðîäêî-
ïîä³áíà á³ïîëÿðíà ñòðóêòóðà, ùî óòâîðþºòü-

ñÿ àñåêñóàëüíî [2]. Öåé òåðì³í áóëî çàïðîïî-
íîâàíî Âºç³ëîì òà Õ³ëüäåáðàíòîì [3] äëÿ 
ïîçíà÷åííÿ çàðîäêîïîä³áíèõ ñòðóêòóð, ÿê³ 
âèíèêàþòü ÿê â óìîâàõ in vivo («íóöåëëÿðí³» 
³ «ôîë³àðí³» çàðîäêè), òàê ³ in vitro [2].

Ç ïîãëÿäó ñåëåêö³¿ íàéïðèâàáëèâ³øèì º 
ïðÿìèé àíäðîãåíåç, îñê³ëüêè êàëóñ ìîæå 
óòâîðþâàòèñÿ ÿê ç ì³êðîñïîð, òàê ³ ç ñîìà-
òè÷íèõ êë³òèí ïèëÿê³â, à îòðèìàí³ ðåãåíå-
ðàíòè ìîæóòü ìàòè ð³çíó ïëî¿äí³ñòü.

Â³äîìî, ùî ïðîöåñ ïåðåõîäó ì³êðîñïîð ³ç 
ãàìåòîô³òíîãî íà ñïîðîô³òíèé øëÿõ ðîçâè-
òêó âèçíà÷àºòüñÿ íà ãåíåòè÷íîìó ð³âí³, àëå 
ðåàë³çóºòüñÿ çàëåæíî â³ä êîíêðåòíèõ ô³ç³î-
ëîã³÷íèõ óìîâ òà ³íäóêóþ÷èõ ôàêòîð³â ð³ç-
íî¿ ä³¿, òåìïåðàòóðíîãî ðåæèìó ïåðåäîáðî-
áëåííÿ, ôàçè ðîçâèòêó ì³êðîñïîð, íà ÿê³é 
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Ìåòà. Ðîçðîáèòè ìåòîä ïðÿìîãî ³íäóêîâàíîãî àíäðîãåíåçó â êóëüòóð³ in vitro áóðÿê³â öóêðîâèõ. Ìåòîäè. 
Á³îòåõíîëîã³÷í³, öèòîëîã³÷í³, ñåëåêö³éí³, ñòàòèñòè÷í³. Ðåçóëüòàòè. Ðîçðîáëåíî ñïåöèô³÷í³ äëÿ áóðÿê³â öóêðîâèõ 
ñêëàäíèêè ìåòîäó ïðÿìîãî ³íäóêîâàíîãî àíäðîãåíåçó â êóëüòóð³ in vitro, çîêðåìà, âèçíà÷åíî ôàçó ðîçâèòêó ì³êðîñïîð, 
îïòèìàëüíó äëÿ ³í³ö³àö³¿ àíäðîãåíåçó, òåìïåðàòóðíèé ðåæèì ïåðåäîáðîáëåííÿ åêñïëàíò³â, óìîâè êóëüòèâóâàííÿ 
ïèëÿê³â. Çà ðåçóëüòàòàìè öèòîëîã³÷íîãî àíàë³çó ì³êðîñïîð òà ïèëêó áóðÿê³â öóêðîâèõ âèçíà÷åíî, ùî îäíîÿäåðíà 
ôàçà âàêóîë³çîâàíî¿ ì³êðîñïîðè º îïòèìàëüíîþ äëÿ ³íîêóëÿö³¿ ïèëÿê³â íà æèâèëüíå ñåðåäîâèùå, à ïåðåäîáðîáëåííÿ 
åêñïëàíò³â ³ç âèêîðèñòàííÿì íèçüêîòåìïåðàòóðíîãî ñòðåñó (4–8 °Ñ) ïðîòÿãîì 3–15 ä³á º ïîòð³áíèì ÷èííèêîì, ùî ³í³ö³þº 
ïåðåõ³ä ì³êðîñïîð ç ãàìåòîô³òíîãî íà ñïîðîô³òíèé øëÿõ ðîçâèòêó. Ðîçðîáëåíî ñêëàä æèâèëüíèõ ñåðåäîâèù, ð³çíèõ 
çà  âì³ñòîì ìàêðîåëåìåíò³â, àì³íîêèñëîò, â³òàì³í³â òà ðåãóëÿòîð³â ðîñòó, äëÿ êóëüòèâóâàííÿ ïèëÿê³â, ³í³ö³àö³¿ ïðîöåñ³â 
ïðÿìîãî àíäðîãåíåçó òà óòâîðåííÿ åìáð³î¿ä³â. Çà îñíîâó áðàëè ìîäèô³êîâàíå æèâèëüíå ñåðåäîâèùå Ìóðàñ³ãå–Ñêóãà – 
0,5 äîçè ìàêðîåëåìåíò³â ç äîäàâàííÿì â³òàì³í³â: Â

1 
– 10,0 ìã/ë; Â

6
 – 1,0 ìã/ë; ÐÐ – 1,0 ìã/ë; Ñ – 1,0 ìã/ë òà àì³íîêèñëîò: 

ãëþòàì³íîâî¿ – 250,0–500,0 ìã/ë, àñïàðàã³íîâî¿ – 1,0–10,0 ìã/ë, àðã³í³íó – 2,0–10,0 ìã/ë, ò³ðîçèíó – 1,0–10,0 ìã/ë, 
ã³äðîêñèïðîë³íó – 2,0–4,0 ìã/ë. Çà ðåçóëüòàòàìè äîñë³äæåíü âèçíà÷åíî òðè íàéåôåêòèâí³ø³ æèâèëüí³ ñåðåäîâèùà ç 
ð³çíèì óì³ñòîì ðåãóëÿòîð³â ðîñòó: ïîë³ñòèìóë³í À-6 – 1,0–3,0 ìã/ë çà ä³þ÷îþ ðå÷îâèíîþ + 6-ÁÀÏ – 0,3–0,8 ìã/ë; 2,4-Ä –
1,0–2,5 ìã/ë + 6-ÁÀÏ – 0,3–0,8 ìã/ë + ÀÁÊ – 0,3–1,0 ìã/ë àáî 6-ÁÀÏ – 0,1–0,6 ìã/ë. Êóëüòèâóâàííÿ ïèëÿê³â áóðÿê³â öó-
êðîâèõ íà ðîçðîáëåíèõ æèâèëüíèõ ñåðåäîâèùàõ äàëî çìîãó îòðèìàòè 0,15–1,32% àíäðîãåííèõ åìáð³î¿ä³â ð³çíèõ òèï³â 
òà ì³êðîêëîíè àíäðîãåííîãî ïîõîäæåííÿ. Âèñíîâêè. Ðîçðîáëåíî ìåòîä ïðÿìîãî ³íäóêîâàíîãî àíäðîãåíåçó áóðÿê³â 
öóêðîâèõ: âèçíà÷åíà îïòèìàëüíà ñòàä³ÿ ðîçâèòêó ì³êðîñïîð äëÿ ³íîêóëÿö³¿ ïèëÿê³â, ðåæèì òåìïåðàòóðíîãî ïåðåäîáðîá-
ëåííÿ åêñïëàíò³â, ñêëàä æèâèëüíèõ ñåðåäîâèù äëÿ ³í³ö³àö³¿ ïðÿìîãî àíäðîãåíåçó in vitro òà îòðèìàííÿ ð³çíèõ òèï³â 
àíäðîãåííèõ åìáð³î¿ä³â. Ðåçóëüòàòè ïðîâåäåíî¿ ðîáîòè ìàþòü âàæëèâå çíà÷åííÿ äëÿ ñòâîðåííÿ ãàïëî¿ä³â òà ãîìîçèãîò-
íèõ ïîäâîºíèõ ãàïëî¿äíèõ ë³í³é, ùî ñïðèÿòèìå ïðèñêîðåííþ ñåëåêö³éíîãî ïðîöåñó îòðèìàííÿ íîâèõ ñîðò³â òà ã³áðèä³â 
áóðÿê³â öóêðîâèõ.
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Á³îòåõíîëîã³ÿ òà á³îáåçïåêà

áóëè ³çîëüîâàí³ ïèëÿêè, à òàêîæ ñêëàäó æè-
âèëüíîãî ñåðåäîâèùà òà óìîâ êóëüòèâóâàí-
íÿ, ÿê³ ïðèñê³ïëèâî âèâ÷àëèñÿ íà áàãàòüîõ 
êóëüòóðàõ [4]. Ìåòîä ïðÿìîãî àíäðîãåíåçó 
íàáóâ çíà÷íîãî ïîøèðåííÿ. Éîãî âèêîðèñòî-
âóþòü á³ëüø í³æ íà 250 âèäàõ ðîñëèí ãîñïî-
äàðñüêî-ö³ííèõ êóëüòóð äëÿ îòðèìàííÿ ãà-
ïëî¿ä³â. Çîêðåìà, öå îòðèìàííÿ ãàïëî¿ä³â 
ìîðêâè [5–7], êàïóñòè [8], êóêóðóäçè [9], ÿ÷-
ìåíþ [10], êàðòîïë³ [11], ïøåíèö³ [12, 13], 
ñîíÿøíèêó [14]. Âèêîðèñòàííÿ ãàïëî¿ä³â ó 
ñåëåêö³¿ äàº çìîãó ðîçâ’ÿçàòè òàê³ çàäà÷³: 
øâèäêî îòðèìàòè êîíñòàíòíèé, ãîìîçèãîò-
íèé çà âñ³ìà àëåëüíèìè ãåíàìè, ñåëåêö³é-
íèé ìàòåð³àë òà ³íöóõò ë³í³¿ äëÿ ãåòåðîçèñ-
íî¿ ñåëåêö³¿, íàéá³ëüø åôåêòèâíî ïðîâîäèòè 
äîá³ð ìóòàíò³â, îñê³ëüêè åêñïðåñ³ÿ ðåöåñèâ-
íèõ ãåí³â ó íèõ ìàº ôåíîòèïîâèé ïðîÿâ, à 
òàêîæ çàâäÿêè åë³ì³íàö³¿ ðîñëèí, ùî íåñóòü 
ëåòàëüí³ òà íàï³âëåòàëüí³ ãåíè òà çàãàëîì 
ñêîðîòèòè ñåëåêö³éíèé ïðîöåñ íà 3–4 ðîêè 
[9, 11, 15]. Àëå ñüîãîäí³ çà äàíèìè ë³òåðàòóð-
íèõ äæåðåë ñïðîáè ðîçðîáèòè ìåòîä ïðÿìîãî 
³íäóêîâàíîãî àíäðîãåíåçó ó áóðÿê³â öóêðî-
âèõ ó êóëüòóð³ in vitro òà îòðèìàòè ãàïëî¿äè 
íå áóëè ðåçóëüòàòèâíèìè [15–17].

Ìåòà äîñë³äæåíü – ðîçðîáèòè ìåòîä ïðÿ-
ìîãî ³íäóêîâàíîãî àíäðîãåíåçó â êóëüòóð³ in 
vitro áóðÿê³â öóêðîâèõ.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äè ïðîâîäèëè â ²íñòèòóò³ á³îåíåðãå-

òè÷íèõ êóëüòóð ³ öóêðîâèõ áóðÿê³â óïðî-
äîâæ 2012–2017 ðð. Ó äîñë³äæåííÿõ âèêî-
ðèñòîâóâàëè ñåëåêö³éíèé ìàòåð³àë Á³ëîöåð-
ê³âñüêî¿ äîñë³äíî-ñåëåêö³éíî¿ ñòàíö³¿ – ãåíî-
òèïè òåòðàïëî¿äíèõ çàïèëþâà÷³â öóêðîâèõ 
áóðÿê³â ñåëåêö³éíèõ íîìåð³â 1475Ê22, 
1475Ê26, 1475Ê29, äèïëî¿äíèõ çàïèëþâà÷³â 
1309Ê4, 1309Ê5, 1309Ê7 òà ñîðòó ïîïóëÿö³¿ 
‘Á³ëîöåðê³âñüêèé îäíîíàñ³ííèé 45’ ñåëåêö³é-
íèõ íîìåð³â ÁÖ45Ê4, ÁÖ45Ê6, ÁÖ45Ê8.

Ñòåðèë³çàö³þ, ïåðåäîáðîáëåííÿ åêñïëàí-
ò³â, ³íîêóëÿö³þ òà êóëüòèâóâàííÿ ïèëÿê³â 
ïðîâîäèëè çà â³äîìèìè ñõåìàìè òà ìåòîäà-
ìè [4, 6, 8, 11], ÿê³ áóëè ìîäèô³êîâàí³ äëÿ 
ðîáîòè ç ïèëÿêàìè òà ïèëêîì áóðÿê³â öó-
êðîâèõ ó êóëüòóð³ ³n vitro. Äëÿ ïåðåäîáðîá-
ëåííÿ ðîñëèííîãî ìàòåð³àëó âèêîðèñòîâóâà-
ëè íèçüêîòåìïåðàòóðíèé ñòðåñ – ïàãîíè ç 
áóòîíàìè íàñ³ííèê³â áóðÿê³â öóêðîâèõ âèò-
ðèìóâàëè â õîëîäèëüí³é êàìåð³ çà òåìïåðà-
òóðè 4–8 °Ñ. Ïåðåäîáðîáëåííÿ òàêîæ ïðîâî-
äèëè â êóëüòóðàëüí³é ê³ìíàò³ çà òåìïåðàòó-
ðè 30–32 °Ñ òà 16-ãîäèííîìó îñâ³òëåíí³ 1,0–
2,0 êëê ïðîòÿãîì 7–30 ä³á. 

Äëÿ äîñë³äæåíü ôàç ðîçâèòêó ì³êðîñïîð 
áóðÿê³â öóêðîâèõ ùîäî çäàòíîñò³ äî ³í³ö³à-

ö³¿ åìáð³î¿äîãåíåçó: ôàçà òåòðàä, íåâàêóîë³-
çîâàíî¿ ì³êðîñïîðè, âàêóîë³çîâàíî¿ ì³êðî-
ñïîðè, òðüîõêë³òèííîãî ïèëêó òà â³äáîðó 
ïèëÿê³â ó ôàç³, ùî íàéá³ëüø  ïðèäàòíà äëÿ 
ñòèìóëÿö³¿ àíäðîãåíåçó (âàêóîë³çîâàíî¿ ì³ê-
ðîñïîðè àáî äâîêë³òèííîãî ïèëêîâîãî çåðíà), 
ïðîâîäèëè âèçíà÷åííÿ ôàçè ðîçâèòêó ì³êðî-
ñïîð òà ¿õ öèòîëîã³÷íèé àíàë³ç ç âèêîðèñòàí-
íÿì ñâ³òëîâî¿ ì³êðîñêîï³¿. Äëÿ äîñë³äæåíü 
çàñòîñîâóâàëè òèì÷àñîâ³ ïðåïàðàòè ïèëÿê³â 
òà ïèëêó, ÿê³ áóëî çàáàðâëåíî 2%-ì ðîç÷è-
íîì êàðì³íó ó 45%-é îöòîâ³é êèñëî ò³ [18].

Äëÿ ñòåðèë³çàö³¿ ðîñëèííîãî ìàòåð³àëó âè-
êîðèñòîâóâàëè ðîç÷èíè: 70%-ãî åòèëîâîãî 
ñïèðòó ïðîòÿãîì 1–2 õâ, 1–2%-ãî ã³ïîõëîðè-
äó íàòð³þ ïðîòÿãîì 30–35 õâ, 3% ïåðîêñèäó 
âîäíþ ïðîòÿãîì 10–15 õâ. Ï³ñëÿ õîëîäîâîãî 
ïåðåäîáðîáëåííÿ ïðîñòåðèë³çîâàí³ áóòîíè 
ðîçòèíàëè, ïèëÿêè âèëó÷àëè ç áóòîí³â òà 
³íîêóëþâàëè íà æèâèëüí³ ñåðåäîâèùà. Ê³ëü-
ê³ñòü ³íîêóëüîâàíèõ ïèëÿê³â íà îäíó êîëáó 
ñòàíîâèëà â³ä 10 äî 30 øò. Êóëüòèâóâàííÿ 
ïèëÿê³â ï³ñëÿ âèñàäæóâàííÿ íà æèâèëüí³ 
ñåðåäîâèùà çä³éñíþâàëè çà òåìïåðàòóðè 26–
32 °Ñ, îñâ³òëåííÿ 1,0–2,0 êëê ïðîòÿãîì 18 
ãîäèí òà â òåìðÿâ³ äî ³í³ö³àö³¿ åìáð³îãåíåçó. 
Ï³ñëÿ ïîÿâè ïåðâèííèõ íîâîóòâîðåíü, êîëáè 
ç òåìðÿâè ïåðåíîñèëè â óìîâè êóëüòóðàëü-
íî¿ ê³ìíàòè ç îñâ³òëåííÿì ïðîòÿãîì 18 ãîäèí 
çà òåìïåðàòóðè 24–32 °Ñ. Ó äîñë³äàõ âèçíà-
÷àëè: çàãàëüíó ê³ëüê³ñòü ïèëÿê³â, ùî áóëè 
âèñàäæåí³ íà êîæíîìó ñåðåäîâèù³, ê³ëü-
ê³ñòü ïèëÿê³â, ùî âèÿâèëè ìîðôîãåííó àê-
òèâí³ñòü, çàãàëüíó ê³ëüê³ñòü íîâîóòâîðåíü 
òà åìáð³î¿ä³â. 

Äëÿ ³í³ö³àö³¿ óòâîðåííÿ åìáð³î¿ä³â áóëî 
ðîçðîáëåíî ïðîïèñè æèâèëüíèõ ñåðåäîâèù, 
ÿê³ ð³çíèëèñÿ çà âì³ñòîì ìàêðîåëåìåíò³â, 
àì³íîêèñëîò, â³òàì³í³â, ðåãóëÿòîð³â ðîñòó.

Çà áàçîâå îáðàëè ñåðåäîâèùå Ìóðàñ³ãå–
Ñêóãà [19] ç ïîâíîþ òà çìåíøåíîþ âäâ³÷³ 
ê³ëüê³ñòþ ìàêðîåëåìåíò³â, ç â³òàì³íàìè çà 
Ãàìáîðãîì [20], ³ç äîäàâàííÿì àñêîðá³íîâî¿ 
êèñëîòè (â³òàì³íó Ñ) – 1,0 ìã/ë, òà àì³íîêèñ-
ëîòè ãëóòàì³íó – 500 ìã/ë, ñàõàðîçè – 40 ã/ë. 
Ñåðåäîâèùà ìîäèô³êóâàëè, äîäàþ÷è äî ñêëà-
äó áàçîâîãî ñåðåäîâèùà òàê³ êîìïîíåíòè: 
àì³íîêèñëîòè – àñïàðàã³íîâó – 30,0–50,0 ìã/ë, 
àðã³í³í – 2,0–250,0 ìã/ë, ïðîë³í – 1,0–
5,0 ìã/ë, ã³äðîêñèïðîë³í – 2,0–4,0 ìã/ë, òè-
ðîçèí – 1,0–10,0 ìã/ë, ãë³öèí – 2,0–5,0 ìã/ë, 
ðåãóëÿòîðè ðîñòó: ïîë³ñòèìóë³í À–6 – 1,0–
3,0 ìã/ë çà ä³þ÷îþ ðå÷îâèíîþ, 2,4-Ä – 1,0–
2,5 ìã/ë, 6-ÁÀÏ – 0,6–4,0 ìã/ë, ÀÁÊ – 0,03–
1,0 ìã/ë, ÍÎÊ – 0,1–0,5 ìã/ë. ßê åòàëîí áóëî 
îáðàíå æèâèëüíå ñåðåäîâèùå Ãàìáîðãà (Â5) 
ç äîäàâàííÿì àóêñèí³â – 2,4-Ä – 0,5 ìã/ë òà 
ÍÎÊ – 0,2 ìã/ë, ÿêå áóëî çàñòîñîâàíå  äëÿ 
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îòðèìàííÿ åìáð³î¿ä³â ìîðêâè ó ïðîöåñ³ ³íî-
êóëÿö³¿ ïèëÿê³â íà æèâèëüíå ñåðåäîâèùå â 
óìîâàõ in vitro [7]. 

Óòâîðåí³ åìáð³î¿äè ïåðåñàäæóâàëè íà ñå-
ðåäîâèùà ³íøîãî ñêëàäó – ìîäèô³êîâàí³ ñå-
ðåäîâèùà Ìóðàñ³ãå–Ñêóãà, ùî ì³ñòèëè â³òà-
ì³íè: í³êîòèíîâó êèñëîòó (ÐÐ) – 1,0 ìã/ë, ï³-
ðèäîêñèí (Â

6
) – 1,0 ìã/ë, ò³àì³í (Â

1 
) – 10,0 ìã/ë 

òà 6-ÁÀÏ – 0,1–0,5 ìã/ë. Ïàñèâóâàííÿ îòðè-
ìàíèõ åìáð³î¿ä³â ïðîäîâæóâàëè íà ñåðåäîâè-
ùàõ, ïðèçíà÷åíèõ äëÿ ïîäàëüøîãî ðîñòó, ðîç-
âèòêó òà ñòèìóëÿö³¿ îðãàíîãåíåçó.

Ó äîñë³äàõ âèçíà÷àëè: ê³ëüê³ñòü ïèëÿê³â, 
ùî âèÿâèëè àíäðîãåííó àêòèâí³ñòü òà ÷àñòî-
òó óòâîðåííÿ åìáð³î¿ä³â, ÿê â³äñîòîê â³ä 
ê³ëüêîñò³ âèñàäæåíèõ ïèëÿê³â äëÿ êîæíîãî 
ãåíîòèïó òà æèâèëüíîãî ñåðåäîâèùà [21].

Ðåçóëüòàòè äîñë³äæåíü
Çäàòí³ñòü äî àíäðîãåíåçó çíà÷íîþ ì³ðîþ 

çàëåæèòü â³ä ôàçè ðîçâèòêó ì³êðîñïîð ó ìî-
ìåíò ¿õ ââåäåííÿ â êóëüòóðó in vitro. Òîìó 
âàæëèâî âèçíà÷èòè îïòèìàëüíó ôàçó ðîçâè-
òêó ì³êðîñïîð, íàéñïðèÿòëèâ³øó äëÿ ³íîêó-
ëÿö³¿ íà æèâèëüí³ ñåðåäîâèùà. Âèçíà÷åíî 
ï’ÿòü îñíîâíèõ ôàç ðîçâèòêó ì³êðîñïîð [1]: 
òåòðàäà, íåâàêóîë³çîâàíà  ì³êðîñïîðà, ñëàá-
êîâàêóîë³çîâàíà ì³êðîñïîðà, ñèëüíîâàêóîë³-
çîâàíà ì³êðîñïîðà, òðèêë³òèííèé ïèëîê. 
Îïòèìàëüíîþ ôàçîþ ðîçâèòêó ì³êðîñïîð  äëÿ  
³íîêóëÿö³¿ ìîæå áóòè ÿê íåâàêóîë³çîâàíà ì³ê-
ðîñïîðà,  íàïðèêëàä, äëÿ êàïóñòè á³ëîêà÷àí-
íî¿ [8], òàê ³ âàêóîë³çîâàíà ì³êðîñïîðà – äëÿ 
ïøåíèö³ [1], ìîðêâè [5–7], êóêóðóäçè [9].

Óñòàíîâëåíî, ùî äëÿ áóðÿê³â öóêðîâèõ 
ôàçà âàêóîë³çîâàíî¿ ì³êðîñïîðè º îïòèìàëü-
íîþ äëÿ ³íîêóëÿö³¿ ïèëÿê³â íà æèâèëüíå 
ñåðåäîâèùå. Ñàìå íà ö³é ôàç³ ñïîñòåð³ãàëè 
åìáð³îãåíåç ³ ôîðìóâàííÿ ì³êðîêëîí³â. Òîä³ 
ÿê ³íîêóëÿö³ÿ ïèëÿê³â ç ïèëêîì íà ³íøèõ 
ôàçàõ ðîçâèòêó íå áóëà ðåçóëüòàòèâíîþ.

Âèçíà÷åíî, ùî ôàçà îäíîÿäåðíî¿ âàêóîë³çî-
âàíî¿ ì³êðîñïîðè º îïòèìàëüíîþ äëÿ ³íîêó-
ëÿö³¿ ïèëÿê³â íà æèâèëüíå ñåðåäîâèùå, â ïî-
ð³âíÿíí³ ³ç ôàçàìè íåâàêóîë³çîâàíî¿ îäíîÿ-
äåðíî¿  ì³êðîñïîðè àáî òðèêë³òèííèì ïèëêîì.

Óñòàíîâëåíî, ùî ïåðåäîáðîáëåííÿ åêñïëàí-
ò³â ³ç âèêîðèñòàííÿì íèçüêîòåìïåðàòóðíîãî 
ñòðåñó (4–8 °Ñ) ïðîòÿãîì 3–15 ä³á º ôàêòîðîì, 
ùî ³í³ö³þº ïåðåõ³ä ì³êðîñïîð ç ãàìåòîô³òíî-
ãî íà ñïîðîô³òíèé øëÿõ ðîçâèòêó, òîä³ ÿê 
çàñòîñóâàííÿ âèñîêîòåìïåðàòóðíîãî ñòðåñó 
(30–32 °Ñ) äëÿ ïåðåäîáðîáëåííÿ åêñïëàíò³â 
íå äàëî ïîçèòèâíèõ ðåçóëüòàò³â.

Äëÿ îòðèìàííÿ åìáð³î¿ä³â ç ïèëÿê³â áóðÿ-
ê³â öóêðîâèõ ïðîòåñòîâàíî ïîíàä 30 ð³çíèõ 
ïðîïèñ³â æèâèëüíèõ ñåðåäîâèù, ÿê³ â³äð³ç-
íÿëèñÿ çà íàÿâí³ñòþ òà ñêëàäîì â³òàì³í³â, 
àì³íîêèñëîò òà, íàñàìïåðåä, ðåãóëÿòîð³â ðîñ-
òó. Ïðîïèñè íàéá³ëüø åôåêòèâíèõ ñåðåäîâèù 
ïîð³âíÿíî ç åòàëîíîì – æèâèëüíèì ñåðåäîâè-
ùåì Ãàìáîðãà (Â5) ç äîäàâàííÿì 2,4-Ä –
0,5 ìã/ë, ÍÎÊ – 0,2 ìã/ë, ÿêå âèêîðèñòîâó-
þòü äëÿ îòðèìàííÿ åìáð³î¿ä³â ìîðêâè [7], 
íàâåäåíî â òàáëèö³ 1. 

Îòðèìàí³ äàí³ ñâ³ä÷àòü, ùî çàñòîñóâàííÿ 
åòàëîííîãî ñåðåäîâèùà Â5 ç äîäàâàííÿì ðå-
ãóëÿòîð³â ðîñòó – 2,4-Ä – 0,5 ìã/ë, ÍÎÊ – 

Òàáëèöÿ 1
Âïëèâ æèâèëüíîãî ñåðåäîâèùà íà ÷àñòîòó ³í³ö³àö³¿ óòâîðåííÿ åìáð³î¿ä³â íà ïèëÿêàõ öóêðîâèõ áóðÿê³â

¹ Æèâèëüíå ñåðåäîâèùå
×àñòîòà ³í³ö³àö³¿ óòâîðåííÿ åìáð³î¿ä³â ó ð³çíèõ ãåíîòèï³â áóðÿê³â öóêðîâèõ, %

1* 2* 3* 4 5 6 7 8 9

1
Æèâèëüíå ñåðåäîâèùå – Â5 (Ãàìáîð-
ãà) ç äîäàâàííÿì 2,4-Ä – 0,5 ìã/ë, 
ÍÎÊ – 0,2 ìã/ë – åòàëîí

– – – – – – – – –

2

Æèâèëüíå ñåðåäîâèùå – ÌÑ 0,5 äîçè 
ìàêðîåëåìåíò³â + â³òàì³íè: Â

1 
– 

10,0 ìã/ë; Â
6
– 1,0 ìã/ë; ÐÐ – 1,0 ìã/ë; 

Ñ – 1,0 ìã/ë + àì³íîêèñëîòè: ãëþòàì³íî-
âà – 250,0–500,0 ìã/ë, àñïàðàã³íîâà –
1,0–10,0 ìã/ë, ò³ðîçèí – 1,0–10,0 ìã/ë, 
àðã³í³í – 2,0–10,0 ìã/ë, ã³äðîêñèïðî-
ë³í – 2,0–4,0 ìã/ë + ðåãóëÿòîðè ðîñòó: 
ïîë³ñòèìóë³í À-6 – 1,0–3,0 ìã/ë çà ä.ð., 
6-ÁÀÏ – 0,3–0,8 ìã/ë (1)

0,92 0,61 – 0,45 0,28 0,15 – 0,52 0,79

3
Òå ñàìå + ðåãóëÿòîðè ðîñòó: 2,4-Ä – 
1,0–2,0 ìã/ë, 6-ÁÀÏ – 0,3–0,8 ìã/ë, 
ÀÁÊ – 0,3–1,0 ìã/ë (11)

– – – – – – 1,38 – –

4 Òå ñàìå + ðåãóëÿòîðè ðîñòó: 6-ÁÀÏ – 
0,1–0,6 ìã/ë (111) – – 1,94 – – – – – –

Ïðèì³òêà. 1*, 2*, 3* – ãåíîòèïè òåòðàïëî¿äíèõ çàïèëþâà÷³â öóêðîâèõ áóðÿê³â 1475Ê29, 1475Ê26, 1475Ê22; 4, 5, 6, 7, 
9 – ãåíîòèïè äèïëî¿äíèõ çàïèëþâà÷³â 1309Ê4, 1309Ê5, 1309Ê7 òà ñîðòó áóðÿê³â öóêðîâèõ ÁÖ45Ê8, ÁÖ45Ê6, ÁÖ45Ê4.
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2 ìã/ë, íå ñïðèÿº ïðîöåñàì óòâîðåííÿ åìáð³î-
¿ä³â òà ì³êðîêëîí³â ç ïèëÿê³â öóêðîâèõ áóðÿ-
ê³â â óìîâàõ in vitro. ²í³ö³àö³ÿ àíäðîãåíåçó òà 
óòâîðåííÿ åìáð³î¿ä³â â³äáóâàëèñü ò³ëüêè íà 
ðîçðîáëåíèõ íàìè ñåðåäîâèùàõ: ¹ 1 – ñåðåäî-
âèùå Ìóðàñ³ãå–Ñêóãà ìîäèô³êîâàíå çà âì³ñ-
òîì ìàêðîåëåìåíò³â – 0,5 äîçè, ùî ì³ñòèòü 
â³òàì³íè: Â

1
 – 10,0 ìã/ë, Â

6 
– 1,0 ìã/ë, ÐÐ –

1,0 ìã/ë çà Ãàìáîðãîì òà â³òàì³í Ñ – 1,0 ìã/ë, 
ç äîäàâàííÿì àì³íîêèñëîò: ãëþòàì³íîâî¿ – 
250,0–500,0 ìã/ë, àñïàðàã³íîâî¿ êèñëîòè – 
30,0–50,0 ìã/ë, ò³ðîçèíó – 1,0–10,0 ìã/ë, àð-
ã³í³íó – 2,0–10,0 ìã/ë, ã³äðîêñèïðîë³íó – 
2,0–4,0 ìã/ë, ðåãóëÿòîðà ðîñòó ïîë³ñòèìóë³íó 
À-6 – 1,0–3,0 ìã/ë çà ä³þ÷îþ ðå÷îâèíîþ, 
6-ÁÀÏ – 0,3–0,8; ñåðåäîâèùå ¹ 2, ÿêå â³ä-
ð³çíÿºòüñÿ â³ä ïîïåðåäíüîãî âì³ñòîì ðåãóëÿ-
òîð³â ðîñòó: 2,4–Ä – 1,0–2,5 ìã/ë, 6-ÁÀÏ – 
0,3–0,8 ìã/ë, ÀÁÊ – 0,3–1,0 ìã/ë; ñåðåäîâèùå 
¹ 3, ÿêå ì³ñòèòü – 6-ÁÀÏ – 0,1–0,6 ìã/ë. Âè-
êîðèñòàííÿ ñàìå òàêèõ ïðîïèñ³â æèâèëüíèõ 
ñåðåäîâèù ñïðèÿº óòâîðåííþ åìáð³î¿ä³â áó-
ðÿê³â öóêðîâèõ in vitro.

Íàéðåçóëüòàòèâí³øèì çà ê³ëüê³ñòþ ãåíî-
òèï³â, ó ÿêèõ â³äáóâàëàñÿ ³í³ö³àö³ÿ óòâîðåí-

íÿ åìáð³î¿ä³â, âèÿâèëîñÿ ñåðåäîâèùå ¹ 1 ç 
äîäàâàííÿì ðåãóëÿòîðà ðîñòó ïîë³ìåðíîãî 
àóêñèíó ïîë³ñòèìóë³íó À-6 – 1,0–3,0 ìã/ë, çà 
ä³þ÷îþ ðå÷îâèíîþ, 6-ÁÀÏ – 0,3–0,8, ÿêå 
ñïðèÿëî ³í³ö³àö³¿ àíäðîãåíåçó in vitro ó 7 ç 9 
îáðàíèõ ãåíîòèï³â. ×àñòîòà óòâîðåííÿ åìá-
ð³î¿ä³â çì³íþâàëàñÿ ó ìåæàõ 0,15–0,92%. Ó 
òåòðàïëî¿äíèõ ãåíîòèï³â ÷àñòîòà óòâîðåííÿ 
åìáð³î¿ä³â ñòàíîâèëà 0,61–0,92%, ó äèïëî¿ä-
íèõ ãåíîòèï³â – 0,15–0,79%. Íà ñåðåäîâèùàõ 
¹ 2 òà ¹ 3 ê³ëüê³ñòü ãåíîòèï³â, ùî ³í³ö³þ-
âàëè åìáð³î¿äè, ñòàíîâèëà 11,1%, àëå ÷àñòîòà 
³í³ö³àö³¿ åìáð³î¿ä³â íà öèõ ñåðåäîâèùàõ áóëà 
çíà÷íî âèùå – 1,38% (¹ 2) – äèïëî¿ä òà 
1,94% (¹ 3) – òåòðàïëî¿ä.

Âèêîðèñòàííÿ äåê³ëüêîõ ïðîïèñ³â æè-
âèëüíèõ ñåðåäîâèù, ùî ð³çíÿòüñÿ çà âì³ñòîì 
òà ñï³ââ³äíîøåííÿì ðåãóëÿòîð³â ðîñòó, äàº 
çìîãó îòðèìóâàòè åìáð³î¿äè ð³çíèõ òèï³â 
(ðèñ. 1), òà ì³êðîêëîíè (ðèñ. 2) øèðøîãî ä³à-
ïàçîíó ãåíîòèï³â áóðÿê³â öóêðîâèõ.

Íèçüêó ÷àñòîòó âèõîäó åìáð³î¿ä³â òà ãà-
ïëî¿äíèõ ðîñëèí, à òàêîæ ñïîíòàíí³ñòü åìá-
ð³îãåíåçó â³äçíà÷àëè â êóëüòóð³ ïèëÿê³â             
in vitro ð³çíèõ ñîðò³â ìîðêâè (0,75–0,78%) [4], 

Ðèñ. 1. Ð³çíîâèäè åìáð³î¿ä³â: 
à) øàðîïîä³áíèé åìáð³î¿ä; á) ôîðìóâàííÿ áóëàâîïîä³áíîãî åìáð³î¿äó; 

â) òîðïåäîïîä³áíèé åìáð³î¿ä; ã) ðîçâèòîê ñ³ì’ÿäîëåé

à)à)

â)â)

á)á)

ã)ã)
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êàïóñòè (1–4%) [8]. Ïî÷àòîê ðîçâèòêó åìáð³-
î¿ä³â â³çóàëüíî ô³êñóâàëè íà 7–21 äîáó ï³ñëÿ 
¿õíüî¿ ³íîêóëÿö³¿, ÿê³ çà æîâòóâàòî-çåëåíèì 
àáî çåëåíèì çàáàðâëåííÿì â³äð³çíÿþòüñÿ â³ä 
³íøî¿ ÷àñòèíè ïèëÿêà. ×åðåç 30–35 ä³á ñïî-
ñòåð³ãàëè ôîðìóâàííÿ ì³êðîêëîí³â.

Â åêñïåðèìåíòàõ âèÿâëåíî ³äåíòè÷í³ñòü 
ôàç ìîðôîãåíåçó åìáð³î¿ä³â in vitro òà ìîðôî-
ãåíåçó çèãîòè÷íîãî çàðîäêà áóðÿê³â öóêðî-
âèõ in vivo.

Â³äîìî, ùî â öóêðîâèõ áóðÿê³â ïîä³ë çèãî-
òè â³äáóâàºòüñÿ íàïðèê³íö³ ïåðøî¿ äîáè ï³ñ-
ëÿ çàïë³äíåííÿ [22]. Óíàñë³äîê öüîãî ïîä³ëó 
óòâîðþºòüñÿ àï³êàëüíà òà áàçàëüíà êë³òèíè. 
Ï³ñëÿ äðóãîãî ïîä³ëó óòâîðþºòüñÿ ÷îòèðè-, à 
ïîò³ì âîñüìèêë³òèííèé ïðîåìáð³î ç ë³í³é-
íèì ðîçòàøóâàííÿì êë³òèí. Íà òðåòþ äîáó 
çàðîäêè äèïëî¿ä³â òà íà 5–7 äîáó òåòðàïëî¿-
ä³â íàáóâàþòü áóëàâîïîä³áíî¿ ôîðìè. Ôîðìè 
êóë³ çàðîäêè äèïëî¿ä³â íàáóâàþòü íà ï’ÿòó 
äîáó, òåòðàïëî¿ä³â – íà 8–10 äîáó. Ñåðöåïî-
ä³áíî¿ ôîðìè çàðîäêè äèïëî¿ä³â äîñÿãàþòü 
íà âîñüìó äîáó, ó òåòðàïëî¿ä³â – íà äâàíàä-
öÿòó. Íà äâàíàäöÿòó äîáó â äèïëî¿ä³â òà íà 
ø³ñòíàäöÿòó â òåòðàïëî¿ä³â âèòÿãóþòüñÿ 
ñ³ì’ÿäîë³. Íà ø³ñòíàäöÿòó äîáó â äèïëî¿ä³â 
òà íà äâàäöÿòó äîáó â òåòðàïëî¿ä³â ð³ñò çà-
ðîäêà çóïèíÿºòüñÿ, àëå ô³ç³îëîã³÷íà çð³ë³ñòü 
ó äèïëî¿ä³â íàñòàº ò³ëüêè íà 26–30 äîáó, à ó 
òåòðàïëî¿ä³â äåùî ï³çí³øå – ï³ñëÿ íàêîïè-
÷åííÿ çàðîäêîì á³ëêîâèõ òà æèðîïîä³áíèõ 
ðå÷îâèí, à ïåðèñïåðìîì – êðîõìàëþ.

Ñïåöèô³êà ìîðôîãåíåçó àíäðîãåííîãî åìá-
ð³î¿äó in vitro ïîëÿãàº ó òðèâàë³øèõ ñòðîêàõ 
ôîðìóâàííÿ òà ïðîõîäæåííÿ îñíîâíèõ åòà-
ï³â: âîñüìèêë³òèííîãî ïðîåìáð³î ç ë³í³éíèì 
ðîçòàøóâàííÿì êë³òèí, áóëàâîïîä³áíîãî 
åìáð³î¿äà ó ôîðì³ êóë³, ñåðöåïîä³áíîãî, ôîð-
ìóâàííÿ òà âèòÿãóâàííÿ ñ³ì’ÿäîëåé. 

Îòæå, åìáð³îíàëüí³ ñòðóêòóðè ãåíåðàòèâ-
íèõ îðãàí³â áóðÿê³â öóêðîâèõ, ÿê ³ ³íøèõ 
ðîñëèííèõ îðãàí³çì³â, º íàéá³ëüø êîíñåðâà-
òèâíèìè, â³äíîñíî ïîñò³éíèìè òà ìåíø ì³í-
ëèâèìè ïîð³âíÿíî ç âåãåòàòèâíèìè îðãàíàìè 
³ òîìó á³ëüøîþ ì³ðîþ º â³äîáðàæåííÿì çà-
ãàëüíîãî íàïðÿìó ïðîãðåñèâíî¿ åâîëþö³¿ [2].

Âèñíîâêè
Ðîçðîáëåíî ìåòîä ïðÿìîãî ³íäóêîâàíîãî 

àíäðîãåíåçó áóðÿê³â öóêðîâèõ. Âèçíà÷åíî, 
ùî ñòàä³ÿ îäíîÿäåðíî¿, âàêóîë³çîâàíî¿ ì³-
êðîñïîðè º îïòèìàëüíîþ äëÿ ³íäóêö³¿ àí-
äðîãåíåçó â êóëüòóð³ in vitro ïèëÿê³â áóðÿ-
ê³â öóêðîâèõ, à òðèãåðîì öüîãî ïðîöåñó º 
ñòðåñîâèé ôàêòîð – âïëèâ íèçüêèõ ïîçèòèâ-
íèõ òåìïåðàòóð (4–8 °Ñ) ïðîòÿãîì 7–20 ä³á. 
Óñòàíîâëåíî, ùî íàéá³ëüø ðåçóëüòàòèâíèìè 
äëÿ ³íäóêö³¿ ïðÿìîãî àíäðîãåíåçó º ñåðåäî-
âèùà, ùî ì³ñòÿòü 2,4-Ä òà éîãî ïîë³ìåðíó 
ôîðìó – ïîë³ñòèìóë³í À-6, à òàêîæ 6-ÁÀÏ, 
ÀÁÊ ç äîäàâàííÿì àì³íîêèñëîò – ãëþòàì³-
íîâî¿, àñïàðàã³íîâî¿, àðã³í³íó, òèðîçèíó, ã³ä-
ðîêñèïðîë³íó òà â³òàì³í³â – Â

1
, Â

6
, ÐÐ, Ñ. 

Âèÿâëåíî ïîä³áí³ñòü ôàç ìîðôîãåíåçó åìáð³-
î¿ä³â in vitro òà ìîðôîãåíåçó çèãîòè÷íîãî çà-
ðîäêà áóðÿê³â öóêðîâèõ in vivo. Ê³ëüê³ñòü 
óòâîðåíèõ åìáð³î¿ä³â çì³íþâàëàñü â ìåæàõ 
â³ä 0,15 äî 1,32%. 
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Öåëü. Ðàçðàáîòàòü ìåòîä ïðÿìîãî èíäóöèðîâàííîãî 
àíäðîãåíåçà â êóëüòóðå in vitro ñàõàðíîé ñâåêëû. Ìåòîäû.
Áèîòåõíîëîãè÷åñêèå, öèòîëîãè÷åñêèå, ñåëåêöèîííûå, ñòà-
òèñòè÷åñêèå. Ðåçóëüòàòû. Ðàçðàáîòàíû ñïåöèôè÷åñêèå 
äëÿ ñàõàðíîé ñâåêëû ñîñòàâëÿþùèå ìåòîäà ïðÿìîãî èí-
äóöèðîâàííîãî àíäðîãåíåçà â êóëüòóðå in vitro – îïðåäå-
ëåíà ôàçà ðàçâèòèÿ ìèêðîñïîð, îïòèìàëüíàÿ äëÿ èíèöè-
àöèè àíäðîãåíåçà, òåìïåðàòóðíûé ðåæèì ïðåäîáðàáîòêè 
ýêñïëàíòîâ, óñëîâèÿ êóëüòèâèðîâàíèÿ ïûëüíèêîâ. Ïî 
ðåçóëüòàòàì öèòîëîãè÷åñêîãî àíàëèçà ìèêðîñïîð è ïûëü-
öû ñàõàðíîé ñâåêëû îïðåäåëåíî, ÷òî îäíîÿäåðíàÿ ôàçà 
âàêóîëèçèðîâàííîé ìèêðîñïîðû ÿâëÿåòñÿ îïòèìàëüíîé 
äëÿ èíîêóëÿöèè ïûëüíèêîâ íà ïèòàòåëüíóþ ñðåäó; à ïðåä-
îáðàáîòêà ýêñïëàíòîâ ñ èñïîëüçîâàíèåì íèçêîòåìïåðà-
òóðíîãî ñòðåññà – 4–8 °Ñ â òå÷åíèå 3–15 ñóòîê ÿâëÿåòñÿ 
íåîáõîäèìûì ôàêòîðîì, èíèöèèðóþùèì ïåðåõîä ìèêðî-
ñïîð ñ ãàìåòîôèòíîãî íà ñïîðîôèòíûé ïóòü ðàçâèòèÿ. 
Ðàçðàáîòàí ñîñòàâ ïèòàòåëüíûõ ñðåä äëÿ êóëüòèâèðîâà-
íèÿ ïûëüíèêîâ, èíèöèàöèè ïðîöåññîâ ïðÿìîãî àíäðîãå-
íåçà è îáðàçîâàíèÿ ýìáðèîèäîâ, êîòîðûå îòëè÷àëèñü ïî 
ñîäåðæàíèþ ìàêðîýëåìåíòîâ, àìèíîêèñëîò, âèòàìèíîâ, 
ðåãóëÿòîðîâ ðîñòà. Çà îñíîâó èñïîëüçîâàëè ìîäèôèöèðî-
âàííóþ ñðåäó Ìóðàñèãå–Ñêóãà – 0,5 äîçè ìàêðîýëåìåíòîâ 
ñ äîáàâëåíèåì âèòàìèíîâ: Â

1
 – 10,0 ìã/ë; Â

6
 – 1,0 ìã/ë; 

ÐÐ – 1,0 ìã/ë; Ñ – 1,0 ìã/ë è àìèíîêèñëîò: ãëþòàìèíîâîé –

250,0–500,0 ìã/ë, àñïàðàãèíîâîé – 1,0–10,0 ìã/ë, àðãèíè-
íà – 2,0–10,0 ìã/ë, òèðîçèíà – 1,0–10,0 ìã/ë, ãèäðîêñè-
ïðîëèíà – 2,0–4,0 ìã/ë. Îïðåäåëåíû òðè íàèáîëåå ýôôåê-
òèâíûå ïèòàòåëüíûå ñðåäû, êîòîðûå îòëè÷àëèñü ñîäåðæà-
íèåì ðåãóëÿòîðîâ ðîñòà: ïîëèñòèìóëèí À-6 – 1,0–3,0 ìã/ë 
ïî äåéñòâóþùåìó âåùåñòâó + 6-ÁÀÏ – 0,3–0,8 ìã/ë; 2,4–Ä –
1,0 – 2,5 ìã/ë + 6-ÁÀÏ – 0,3–0,8 ìã/ë + ÀÁÊ – 0,3–1,0 ìã/ë 
èëè 6-ÁÀÏ – 0,1–0,6 ìã/ë. Êóëüòèâèðîâàíèå ïûëüíèêîâ 
ñàõàðíîé ñâåêëû íà ðàçðàáîòàííûõ ïèòàòåëüíûõ ñðåäàõ 
ïîçâîëèëî ïîëó÷èòü 0,15–1,32% àíäðîãåííûõ ýìáðèîè-
äîâ ðàçëè÷íûõ òèïîâ è ìèêðîêëîíû àíäðîãåííîãî ïðî-
èñõîæäåíèÿ. Âûâîäû. Ðàçðàáîòàí ìåòîä ïðÿìîãî èíäó-
öèðîâàííîãî àíäðîãåíåçà ñàõàðíîé ñâåêëû: îïðåäåëåíà 
îïòèìàëüíàÿ ñòàäèÿ ðàçâèòèÿ ìèêðîñïîð äëÿ èíîêóëÿöèè 
ïûëüíèêîâ, ðåæèì ïðåäîáðàáîòêè ýêñïëàíòîâ, ñîñòàâ 
ïèòàòåëüíûõ ñðåä äëÿ èíèöèàöèè ïðÿìîãî àíäðîãåíåçà              
in vitro è ïîëó÷åíèÿ ðàçëè÷íûõ òèïîâ àíäðîãåííûõ ýì-
áðèî èäîâ. Ðåçóëüòàòû ïðîâåäåííîé ðàáîòû èìåþò áîëü-
øîå çíà÷åíèå äëÿ ñîçäàíèÿ ãàïëîèäîâ è ãîìîçèãîòíû 
óäâîåííûõ ëèíèé, ÷òî áóäåò ñïîñîáñòâîâàòü óñêîðåíèþ 
ñåëåêöèîííîãî ïðîöåñà ñîçäàíèÿ íîâûõ ñîðòîâ è ãèáðè-
äîâ ñàõàðíîé ñâåêëû.

Êëþ÷åâûå ñëîâà: àíäðîãåííûå ýìáðèîèäû; ïèòà-
òåëüíàÿ ñðåäà; ìèêðîêëîíû; ïûëüíèêè; ðåãóëÿòîðû ðîñ-
òà; ñàõàðíàÿ ñâåêëà.
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Purpose. To develop the method of direct induced andro-
genesis of sugar beet in culture in vitro. Methods. Biotech-
nological, cytological, breeding, statistical. Results. Specific 
for sugar beet components of the method of direct induced 
androgenesis in culture in vitro was developed, in particular, 
the phase of development of microspores, optimal for ini-
tiation of androgenesis, the temperature mode of explants 
pretreatment, conditions of anthers cultivation were deter-
mined. According to the results of cytological analysis of 
microspores and sugar beet pollen, it was determined that 
the single-nucleus stage of the vacuolized microspores is 
optimal for inoculation of anthers on the nutrient medium, 
and pre-treatment of explants using low-temperature stress 
(4–8 °Ñ) for 3–15 days is a necessary factor that initiates the 
transition of microspores from gametophytic to sporophytic 
pathway of development. The composition of nutrient media, 
different in content of macroelements, amino acids, vitamins 
and growth regulators, for the cultivation of anthers, the ini-
tiation of processes of direct androgenesis and the forma-
tion of embryos have been developed. The modified Murazig-
Skoog medium – 0.5 doses of macroelements with the addi-
tion of vitamins: B1 – 10.0 mg/l; B6 – 1.0 mg/l; PP – 1.0 mg/l;
C – 1.0 mg/l and amino acids: glutamine – 250.0–500.0 mg/l,
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asparagine – 1.0–10.0 mg/l, arginine – 2.0–10.0 mg/l,
tyrosine – 1.0–10.0 mg/l, hydroxyproline – 2.0–4.0 mg/liter
was used as a basis. According to the results of research, 
three most effective nutrient media with different content 
of growth regulators have been determined: polystimulin 
A-6 – 1.0–3.0 mg/l for the active substance + 6-BAP – 0.3–
0.8 mg/liter; 2.4-D – 1.0–2.5 mg/l + 6-BAP – 0.3–0.8 mg/l +
ABK – 0.3–1.0 mg/l or 6-BAP – 0.1–0.6 mg/l. Cultivation 
of sugar beet anthers on the developed nutrient media al-
lowed to obtain 0.15–1.32% of various types of androgen 
embryos and microclones of androgenic origin. Conclusions. 
The method of direct induced androgenesis of sugar beet is 
developed: the optimal stage of development of microspores 
for inoculation of anthers, the mode of temperature pre-
treatment of explants, the composition of nutrient media for 
the initiation of direct in vitro androgens and the obtaining 
of various types of androgenic embryoids have been deter-
mined. The results of this work are important for the creation 
of haploids and homozygous double-haploid lines, which will 
accelerate the breeding process for obtaining new varieties 
and hybrids of sugar beet.

Keywords: androgenic embryoids; nutrient media; micro-
clones; anthers; growth regulators; sugar beet.
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