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Ðîäèíà Õðåñòîöâ³òèõ (Brassicaceae) âêëþ÷àº çíà÷íó 
ê³ëüê³ñòü åêîíîì³÷íî âàæëèâèõ ñ³ëüñüêîãîñïîäàðñüêèõ 
êóëüòóð, çîêðåìà Brassica rapa, êîòðà º çðó÷íèì ìî-
äåëüíèì îá’ºêòîì äëÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ äîñ-
ë³äæåíü îë³éíèõ êóëüòóð. B. rapa º âèñîêîïîë³ìîðô-
íèì âèäîì, ÿêèé âêëþ÷àº â ñåáå âåëèêó çíà÷íó ê³ëü-
ê³ñòü ãåíåòè÷íî â³äì³ííèõ ï³äâèä³â. Ç îãëÿäó íà öå 
âíóòð³øíüîâèäîâà (ì³æï³äâèäîâà) ã³áðèäèçàö³ÿ B. rapa 
ðîçãëÿäàºòüñÿ ÿê ïåðñïåêòèâíèé ñåëåêö³éíèé ï³äõ³ä, 
ñïðÿìîâàíèé íà ï³äâèùåííÿ ãåíåòè÷íîãî ð³çíîìàí³ò-
òÿ. Ðàí³øå íàìè áóëî ïîêàçàíî, ùî îäèí ç òàêèõ 
ã³áðèä³â, îë³éíèé òèôîí (B. rapa subsp. oleifera f. bien-
nis × (subsp. rapifera × pekinensis)), çàâäÿêè ï³äâèùå-
í³é ïðîäóêòèâíîñò³ ìîæå ñëóãóâàòè ö³ííîþ îë³éíîþ 
ñèðîâèíîþ. Îäíàê, îòðèìàííÿ ã³áðèä³â òà ¿õ ïîäàëü-
øà ñåëåêö³ÿ âèìàãàþòü çàëó÷åííÿ êîìïëåêñó ìîëåêó-
ëÿðíèõ ìàðêåð³â. Íàðàç³ âèñîêó òî÷í³ñòü ïðè ³äåí-
òèô³êàö³¿ (ÄÍÊ-áàðêîäèíãó) òàêñîíîì³÷íèõ îäèíèöü 
ð³çíîãî ð³âíÿ ó êâ³òêîâèõ ðîñëèí ïîêàçàâ ìåòîä îö³íêè 
ïîë³ìîðô³çìó äîâæèíè 1-ãî (TBP) òà 2-ãî (ñTBP) ³í-
òðîí³â �-òóáóë³íó. Ñàìå òîìó íàìè áóëî çä³éñíåíî 
îö³íêó ïðîäóêòèâíîñò³ òàêèõ ã³áðèäíèõ êóëüòóð, ÿê
òèôîí, à òàêîæ ïðîâåäåíî ÄÍÊ-áàðêîäèíã òà ¿õ ð³ç-
íèõ ã³áðèäíèõ ë³í³é òèôîíó òà ¿õ áàòüê³âñüêèõ ï³äâè-
ä³â B. rapa íà îñíîâ³ ïîë³ìîðô³çìó äîâæèíè ³íòðîí³â 
�-òóáóë³íó ó àíàë³çîâàíèõ ãåíîòèï³â. Íà îñíîâ³ äàíèõ 
ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó, ùî âêëþ÷àâ îö³íêó 
âàð³àö³¿ äîâæèíè îáîõ ³íòðîí³â ãåí³â �-òóáóë³íó âäà-
ëîñÿ ï³äòâåðäèòè ïîõîäæåííÿ öüîãî ã³áðèäó â³ä ãîë-
ëàíäñüêîãî òèôîíó (B. rapa subsp. rapifera × pekinensis) 
òà îçèìî¿ ñóð³ïèö³ (B. rapa subsp. oleifera) ç âèñîêîþ 
äîñòîâ³ðí³ñòþ. Íàðÿäó ç öèì çà äîïîìîãîþ êîìá³íî-
âàíîãî àíàë³çó TBP òà ñTBP âïåðøå âäàëîñÿ äèôå-
ðåíö³þâàòè òàêñîíîì³÷í³ ãðóïè var. glabra òà var. 
laxa ïåê³íñüêî¿ êàïóñòè (B. rapa subsp. pekinensis). 
Áóëî â³äì³÷åíî âàð³àö³þ ê³ëüêîñò³ àìïë³ô³êîâàíèõ ä³-
ëÿíîê ³íòðîí³â �-òóáóë³íó â ð³çíèõ ãåíîòèï³â, îäíàê 
äàí³ â³äì³ííîñò³ íå áóëè õàðàêòåðíîþ ðèñîþ òîãî ÷è 
³íøîãî ï³äâèäó/ã³áðèäó. Öå äîçâîëÿº ñòâåðäæóâàòè, 
ùî ã³áðèäè íàé³ìîâ³ðí³øå íå â³äð³çíÿþòüñÿ çà ïëî¿ä-

í³ñòþ â³ä áàòüê³âñüêèõ ãåíîòèï³â. Òàêîæ, áóëî ïî-
êàçàíî, ùî çãàäàí³ ã³áðèäí³ ë³í³¿ îë³éíîãî òèôîíó 
óêðà¿íñüêî¿ ñåëåêö³¿ âèêàçóþòü çíà÷íèé ð³âåíü ìîð-
ôîëîã³÷íî¿ âàð³àö³¿, íåçâàæàþ÷è íà ¿õíº ñï³ëüíå ñå-
ëåêö³éíå ïîõîäæåííÿ.

Êëþ÷îâ³ ñëîâà: Brassicaceae, Brassica rapa, ILP, ãåíî-
òèïóâàííÿ, ÄÍÊ-áàðêîäèíã, ã³áðèäí³ îë³éí³ êóëüòóðè.

Âñòóï. Ðîäèíà Õðåñòîöâ³òèõ (Brassicaceae) âêëþ-
÷àº çíà÷íó ê³ëüê³ñòü åêîíîì³÷íî âàæëèâèõ âè-
ä³â, ÿê³ âèðîùóþòüñÿ ÿê îë³éí³, õàð÷îâ³ òà êîð-
ìîâ³ êóëüòóðè. Íàéá³ëüø øèðîêîãî ðîçïîâñþ-
äæåííÿ íàáóëè ðîñëèíè ðîäó Brassica, çîêðå-
ìà Brassica napus (ð³ïàê), B. oleracea (êàïóñòà 
ãîðîäíÿ), B. rapa subsp. oleifera (syn. B. campestris) 
(ñóð³ïèöÿ), B. nigra (÷îðíà ã³ð÷èöÿ), B. carinata 
(àá³ññèíñüêà ã³ð÷èöÿ) òà B. juncea (ã³ð÷èöÿ ñà-
ðåïòñüêà) (Downey, 1983; Warwick, 2011). Â òîé 
æå ÷àñ ïåâí³ âèäè â ìåæàõ ö³º¿ ðîäèíè, òàê³ 
ÿê ðèæ³é ïîñ³âíèé (Camelina sativa), àá³ññèí-
ñüêà ã³ð÷èöÿ, ñóð³ïèöÿ, ìàþòü íàäçâè÷àéíî 
âèñîêèé ïîòåíö³àë äëÿ âèêîðèñòàííÿ ÿê äæå-
ðåëà îë³¿ äëÿ âèðîáíèöòâà ð³äêèõ á³îïàëèâ, â 
òîìó ÷èñë³ ³ àâ³àö³éíîãî á³îïàëèâà (Chu et al, 
2017; Tao et al, 2017). 

Òàê âèäè, ÿê B. rapa ìàþòü íå ëèøå âàæëè-
âå åêîíîì³÷íå çíà÷åííÿ, à ³ º çðó÷íèìè ìî-
äåëüíèìè îá’ºêòàìè äëÿ ìîëåêóëÿðíî-ãåíå-
òè÷íèõ òà á³îòåõíîëîã³÷íèõ äîñë³äæåíü îë³é-
íèõ êóëüòóð. Áëèçüê³ñòü B. rapa äî çàãàëüíîâ³-
äîìî¿ äèïëî¿äíî¿ ìîäåëüíî¿ ðîñëèíè Arabidopsis 
thaliana, à òàêîæ äåòàëüíî îõàðàêòåðèçîâàíà 
ãåíîìíà îðãàí³çàö³ÿ öüîãî âèäó (Zhang et al, 
2018) ðîáëÿòü éîãî çðó÷íèì ³ äëÿ òàêèõ ïðè-
êëàäíèõ äîñë³äæåíü, ÿê ñåëåêö³éíî-ãåíåòè÷í³, 
ñïðÿìîâàí³ íà îòðèìàííÿ âíóòð³øíüî- òà ì³æ-
âèäîâèõ ã³áðèä³â (Cheng et al, 2016). Âàðòî çà-
çíà÷èòè, ùî B. rapa ìàº ÀÀ ãåíîì Õðåñòîöâ³-
òèõ, ÿêèé º îäíèì ç áàòüê³âñüêèõ ãåíîì³â ð³-
ïàêó (ÀÀÑÑ) (Warwick, 2011; Zhang et al, 2018). 
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À.Ì. Ðàáîêîíü, Ð.ß. Áëþì, Â.Ã. Ñàõàðîâà òà ³í.

Ðàí³øå áóëî ïîêàçàíî, ùî B. napus òà B. rapa 
ìîæóòü ïðèðîäíüî óòâîðþâàòè ã³áðèäè (War-
wick et al, 2003; Allainguillaume et al, 2006; Sohn 
et al, 2016). 

B. rapa º âèñîêîïîë³ìîðôíèì âèäîì, ÿêèé 
âêëþ÷àº â ñåáå âåëèêó ê³ëüê³ñòü âàæëèâèõ 
ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. Íàéá³ëüø ïî-
øèðåíèìè º òóðíåïñ (subsp. rapa; syn. subsp. ra-
pifera), ÿêèé ôîðìóº ëèñòîâó ðîçåòêó, ñóð³ïèöÿ 
(subsp. oleifera, â ðÿä³ ðîá³ò ïîçíà÷àºòüñÿ ÿê B. 
campestris) ³ ïîëüîâà ã³ð÷èöÿ (subsp. dichotoma), 
ùî âèêîðèñòîâóþòüñÿ äëÿ îòðèìàííÿ îë³é; à
òàêîæ æîâòèé ñàðñîí îäíîð³÷íèé (subsp. trilo-
cularis), ùî òåæ âèêîðèñòîâóºòüñÿ äëÿ îòðèìàííÿ 
îë³¿; ïåê³íñüêà êàïóñòà (ssp. pekinensis), ïàê-
÷îé (subsp. chinensis), ëèñòîâèé òóðíåïñ (subsp. 
nipposinica) (Warwick, 2011; Cheng et al, 2016)

Ïðè öüîìó ã³áðèäèçàö³ÿ ì³æ ð³çíèìè ï³ä-
âèäàìè â ìåæàõ öüîãî ïðèçâîäèòü äî ñóòòºâèõ 
ãåíîìíèõ âàð³àö³é, çîêðåìà ñïîñòåð³ãàºòüñÿ 
çíà÷íà ê³ëüê³ñòü îäíîíóêëåîòèäíèõ çàì³í òà 
³íäåë³â, ùî îõîïëþþòü â òîìó ÷èñë³ ³ êîäóþ÷³ 
÷àñòèíè ãåí³â (Cheng et al, 2016). Îñê³ëüêè âíó-
òð³øíüîâèäîâà (ì³æï³äâèäîâà) ã³áðèäèçàö³ÿ B. 
rapa äîçâîëÿº îòðèìóâàòè âèñîêîïîë³ìîðôíå 
ïîòîìñòâî, òàêèé ï³äõ³ä ðîçãëÿäàºòüñÿ ÿê ïåð-
ñïåêòèâíèé äëÿ ñåëåêö³¿ äàíî¿ êóëüòóðè òà
ï³äâèùåííÿ ãåíåòè÷íîãî ð³çíîìàí³òòÿ ã³áðèä-
íèõ ë³í³é. Á³ëüøå òîãî, îòðèìàííÿ âíóòð³ø-
íüîâèäîâèõ ã³áðèä³â Õðåñòîöâ³òèõ ð³äøå ïðè-
çâîäèòü äî ñòåðèëüíîñò³ ïîòîìñòâà, í³æ ì³æ-
âèäîâà ã³áðèäèçàö³ÿ (Kaneko and Bang, 2014). 
Íà ñüîãîäí³ ³ñíóº ðÿä øèðîêî êóëüòèâîâàíèõ 
ëèñòîâèõ ã³áðèä³â B. rapa êîðìîâîãî ïðèçíà-
÷åííÿ (Robinson, 2006; de Ruiter et al, 2009). 
Çîêðåìà òàê³ ÿê ‘Pasja’ (B. rapa subsp. chinensis ×
× ã³áðèäíèé òóðíåïñ (subsp. rapa)) (Villalobos 
and Brummer, 2015); ëèñòîâèé ã³áðèä Òèôîí, 
àáî ‘Holland greens’ (B. rapa subsp. pekinensis ×
× rapifera) (Guillard and Allinson, 1988; Rakhme-
tov and Rakhmetova, 2015); ‘Perko’ (B. rapa subsp. 
chinensis × (4x) oleifera) (Dalkiewicz-Baranowska 
and Wilczy�ska, 1981; Gotlin �uljak et al, 2016), à 
òàêîæ ì³æâèäîâ³ ã³áðèäè ‘Perko PVH’ (B. napus 
var. napus × B. rapa subsp. chinensis) (Miki� et al, 
2014); òà ‘T-Raptor’ (B. napus × rapa) (Crowell et 
al, 2022). Ðàí³øå íàìè áóëî ïîêàçàíî, ùî îäèí 
ç òàêèõ ã³áðèä³â, òèôîí (B. rapa subsp. oleifera f. 
biennis × (subsp. rapifera × pekinensis)) (Rakhme-

tov and Rakhmetova, 2015), çàâäÿêè ï³äâèùå-
í³é ïðîäóêòèâíîñò³ ìîæå ñëóãóâàòè ÿê ö³ííîþ 
îë³éíîþ ñèðîâèíîþ äëÿ âèðîáíèöòâà á³îïà-
ëèâ, òàê ³ êîðìîâîþ êóëüòóðîþ (Blume et al, 
2019; Blume et al, 2020a,b). 

Îäíàê, îòðèìàííÿ âíóòð³øíüîâèäîâèõ ã³á-
ðèä³â òà ¿õ ïîäàëüøà ñåëåêö³ÿ âèìàãàþòü çà-
ëó÷åííÿ êîìïëåêñó ìîëåêóëÿðíèõ ìàðêåð³â, 
êîòð³ äîçâîëÿþòü â³äñë³äêóâàòè ¿õ ïîõîäæåííÿ 
òà ï³äòâåðäèòè, âëàñíå, ã³áðèäíèé ñòàòóñ òàêèõ 
ë³í³é. Îñîáëèâî öå âàæëèâî ó âèïàäêó òàêèõ 
êîìïëåêñíèõ ã³áðèä³â, ÿê òèôîí, êîòðèé º 
ðåçóëüòàòîì ñõðåùóâàííÿ äåê³ëüêîõ ð³çíèõ ï³ä-
âèä³â B. rapa (Rakhmetov and Rakhmetova, 
2015). Íàðàç³ âèñîêó òî÷í³ñòü ïðè ³äåíòèô³êà-
ö³¿ (ÄÍÊ-áàðêîäèíãó) òàêñîíîì³÷íèõ îäèíèöü 
ð³çíîãî ð³âíÿ ó êâ³òêîâèõ ðîñëèí ïðîäåìîí-
ñòðóâàâ ìåòîä îö³íêè ïîë³ìîðô³çìó äîâæèíè 
³íòðîí³â �-òóáóë³íó (TBP) (Braglia et al, 2022). 
Äàíèé ìåòîä áàçóºòüñÿ òà òîìó ôàêò³, ùî ÷åðåç 
íàäçâè÷àéíî âàæëèâó ôóíêö³þ �-òóáóë³íó â 
êë³òèíàõ ïîñë³äîâíîñò³ åêçîí³â éîãî ãåí³â º 
äîñèòü êîíñåðâàòèâíèìè â óñ³õ åóêàð³îòè÷íèõ 
îðãàí³çì³â, íà â³äì³íó â³ä á³ëüø âàð³àáåëüíèõ 
³íòðîí³â (Bardini et al, 2004; Breviario et al, 2013). 
Äàíèé ìåòîä çàñâ³ä÷èâ åôåêòèâí³ñòü ñâîãî çà-
ñòîñóâàííÿ íà ð³çíèõ ðîäèíàõ ðîñëèí (Rabokon, 
2021; Braglia et al, 2022).

Çîêðåìà, ðàí³øå íàìè áóëî ïðîäåìîíñòðî-
âàíî äîö³ëüí³ñòü çàñòîñóâàííÿ äàíîãî ï³äõîäó 
äëÿ ðîçð³çíåííÿ ì³æâèäîâèõ ã³áðèä³â ì³æ Pru-
nus dulcis òà Prunus persica, à òàêîæ âíóòð³ø-
íüîâèäîâèõ ã³áðèä³â P. persica (Lykholat et al, 
2022). Òàêîæ, äàíèé ìåòîä ïðîäåìîñòðóâàâ 
çíà÷íó åôåêòèâí³ñòü ïðè äèôåðåíö³àö³¿ âèä³â 
ðîäó Linum (Rabokon et al, 2018), ïðåäñòàâíèê³â 
ðîäèíè Fabaceae (Braglia et al, 2020), ³äåíòèô³-
êàö³¿ ïðèðîäíèõ ì³æâèäîâèõ ã³áðèä³â âèä³â ðî-
äó Lemna (Braglia et al, 2021), à òàêîæ ïðè ÄÍÊ-
áàðêîäèíãó äèïëî¿äíèõ òà àëîïîë³ïëî¿äíèõ 
âèä³â Triticum (Guadalupi, et al, 2022). Äàíèé 
ìåòîä ïðîäåìîíñòðóâàâ ñâîþ åôåêòèâí³ñòü â
òîìó ÷èñë³ ³ ïðè àíàë³ç³ ïðåäñòàâíèê³â ðî-
äèíè Õðåñòîöâ³ò³, çîêðåìà ïðè îö³íö³ âíóò-
ð³øíüîâèäîâîãî ð³çíîìàí³òòÿ B. rapa subsp. 
pekinensis (Blume et al, 2020a), ïðè ðîçð³çíåí-
í³ âèä³â Camelina òà ³äåíòèô³êàö³¿ ïëî¿äíîñò³ 
îêðåìèõ òàêñîí³â öüîãî ðîäó (Galasso et al, 
2015), à òàêîæ ïðè îö³íö³ ãåíåòè÷íîãî ð³çíî-
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ìàí³òòÿ ñîðò³â C. sativa (Blume et al, 2020c) òà 
àíàë³ç³ ïîïóëÿö³éíî¿ ñòðóêòóðè C. microcarpa â 
Óêðà¿í³ (Sakharova et al, 2023).

Ñàìå òîìó, âðàõîâóþ÷è óñå çãàäàíå âèùå, ó
äàí³é ðîáîò³ íàìè áóëî çä³éñíåíî îö³íêó ïðî-
äóêòèâíîñò³ òàêèõ ã³áðèäíèõ êóëüòóð, ÿê òèôîí,
à òàêîæ ïðîâåäåíî ÄÍÊ-áàðêîäèíã òà ¿õ ð³ç-
íèõ ã³áðèäíèõ ë³í³é òèôîíó òà ¿õ áàòüê³âñüêèõ
ï³äâèä³â B. rapa íà îñíîâ³ ïîë³ìîðô³çìó äîâæè-
íè ³íòðîí³â �-òóáóë³íó ó àíàë³çîâàíèõ ãåíîòèï³â.

Ìàòåð³àëè òà ìåòîäè. Ðîñëèííèé ìàòåð³àë. 
Äëÿ äîñë³äæåíü áóëî âèêîðèñòàíî íàñ³ííÿ ãåíî-
òèï³â B. rapa, ùî íàëåæàòü äî ð³çíèõ ï³äâèä³â, 
çîêðåìà subsp. pekinensis var. laxa, subsp. pekin-
ensis var. glabra, à òàêîæ ã³áðèäíèõ ôîðì òèôîíó 
(òàáëèöÿ). Ë³í³¿ òèôîíó áóëè ïðåäñòàâëåí³ ã³á-
ðèäàìè äâîõ òèï³â: ïåðøèé – ãîëëàíäñüêî¿ 
ñåëåêö³¿, êîòðèé º ðåçóëüòàòîì ñõðåùóâàííÿ 
ïåê³íñüêî¿ êàïóñòè (B. rapa subsp. pekinensis) òà 
òóðíåïñó (B. rapa subsp. rapifera); à äðóãèé –
îòðèìàíèé ó Íàö³îíàëüíîìó áîòàí³÷íîìó ñàäó 
(ÍÁÑ) ³ì. Ì.Ì. Ãðèøêà ÍÀÍ Óêðà¿íè â ðå-
çóëüòàò³ ñõðåùóâàííÿ ãîëëàíäñüêîãî òèôîíó 
(B. rapa subsp. pekinensis × rapifera) òà îçèìî¿ 
ñóð³ïèö³ (B. rapa subsp. oleifera f. biennis � B. cam-

pestris) (Rakhmetov and Rakhmetova, 2015). Ñå-
ëåêö³éíà ³ñòîð³ÿ äâîõ òèï³â òèôîíó íàâåäåíà 
íà ðèñ. 1. Íàñ³ííÿ àíàë³çîâàíèõ ãåíîòèï³â áó-
ëî îòðèìàíî â³ä Institute of Plant Genetics and 
Crop Plant Research (IPK) («Ãàòåðñëåáåí», Í³-
ìå÷÷èíà), Crop Research Institute (CRI) (Ïðàãà, 
×åñüêà Ðåñïóáë³êà) òà â³ä ÍÁÑ ³ì. Ì.Ì. Ãðèø-
êà. Íàçâè òà ñèñòåìàòè÷íå ïîëîæåííÿ âèêî-
ðèñòàíèõ ó äîñë³äæåíí³ ãåíîòèï³â íàâåäåí³ ó 
òàáëèö³.

Ïîëüîâ³ äîñë³äæåííÿ. Îö³íêà ìîðôîëîã³÷íèõ 
ïîêàçíèê³â ð³çíèõ ãåíîòèï³â òèôîíó (B. rapa 
subsp. oleifera × (rapifera × pekinensis)) íà äî-
ñë³äíèõ ä³ëÿíêàõ ÍÁÑ ³ì. Ì.Ì. Ãðèøêà ÍÀÍ 
Óêðà¿íè ïðîòÿãîì 2012–2014 ðð. çà óìîâ, 
îïèñàíèõ íàìè ó ïîïåðåäí³õ ðîáîòàõ (Blume 
et al, 2020b). Ï³ä ÷àñ ïîëüîâèõ äîñë³ä³â ó 
ôàç³ òåõí³÷íî¿ ñòèãëîñò³ ô³êñóâàëè íàñòóïí³ 
ìîðôîëîã³÷í³ õàðàêòåðèñòèêè àíàë³çîâàíèõ 
ãåíîòèï³â òèôîíó: âèñîòà ðîñëèíè, ê³ëüê³ñòü 
ñòðó÷ê³â íà îñíîâíîìó òà á³÷íèõ ïàãîíàõ, 
ê³ëüê³ñòü íàñ³íèí ó ñòðó÷êàõ ç îñíîâíîãî òà 
á³÷íîãî ïàãîí³â, ä³àìåòð òà äîâæèíà ñòðó÷êà 
(íà îñíîâíîìó ñòåáë³), ìàñà íàäçåìíî¿ ÷àñòèíè 
ðîñëèí, âàãà òèñÿ÷³ íàñ³íèí. 

Çðàçêè B. rapa, âèêîðèñòàí³ ó äîñë³äæåíí³, òà ¿õíº ïîõîäæåííÿ

Ôîðìà Êîëåêö³ÿ Íàçâà çðàçêà Êîä çðàçêà Ì³ñöå çíàõîäæåííÿ

subsp. pekinensis var. glabra
subsp. pekinensis var. glabra
subsp. pekinensis var. glabra
subsp. pekinensis var. laxa
subsp. pekinensis var. laxa
subsp. pekinensis var. laxa
subsp. oleifera
subsp. oleifera
subsp. oleifera
subsp. oleifera
subsp. oleifera
subsp. oleifera
Tyfon 1

Tyfon 2

Tyfon 2

Tyfon 2

Tyfon 2

Tyfon 2

subsp. oleifera f. biennis
subsp. oleifera f. annua

IPK
IPK
IPK
IPK
IPK
IPK
CRI
IPK
IPK
IPK
IPK
IPK
IPK
ÍÁÑ
ÍÁÑ
ÍÁÑ
ÍÁÑ
ÍÁÑ
ÍÁÑ
ÍÁÑ

Zwaans Cantoner
Jaegerkohl
Granat

–
Santong

–
Ruvo

–
–
–
–

Brokkoli rapa
Tyfon (‘Holland greens’)
Îáð³é
Îðàêàì
ÅÎÒÔÂ
ÅÎÒÔÂÑ
Ô³òîïàë
Îð³àíà
ÅÎÑßÔ-2

BRA 130
BRA 467
BRA 1614
BRA 1600
BRA 214
BRA 2324
15O0400043
CR3386
CR2240
CR3452
CR2303
CR1478
BRA 2532

–
–
–
–
–
–
–

Í³äåðëàíäè
Øâåéöàð³ÿ
Í³äåðëàíäè
ÑØÀ
Í³ìå÷÷èíà
Êèòàé
Í³ìå÷÷èíà
²ñïàí³ÿ
²ðàê
Êóáà
²òàë³ÿ
ÑØÀ
Í³äåðëàíäè
Óêðà¿íà
Óêðà¿íà
Óêðà¿íà
Óêðà¿íà
Óêðà¿íà
Óêðà¿íà
Óêðà¿íà

Ïðèì³òêà. Tyfon 1 – B. rapa subsp. pekinensis × rapifera; Tyfon 2 – B. rapa subsp. oleifera × (rapifera × pekinensis).
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À.Ì. Ðàáîêîíü, Ð.ß. Áëþì, Â.Ã. Ñàõàðîâà òà ³í.

Îòðèìàí³ äàí³ ñòàòèñòè÷íî îáðîáëÿëè çà 
äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ Orig-
inPro 2019b. Äëÿ âèÿâëåííÿ ñòàòèñòè÷íî äîñ-
òîâ³ðíèõ â³äì³ííîñòåé ïðîâîäèëè òåñò ANO-
VA, ùî âêëþ÷àâ òåñò Ô³øåðà òà îáðàõóíîê 
íàéìåíøèõ äîñòîâ³ðíèõ â³äì³ííîñòåé (Fisher’s 
least significant differences, LSDs) çà p < 0,05. Íà 
îñíîâ³ ïðîâåäåíîãî òåñòó áóëè ³äåíòèô³êîâàí³ 
ñòàòèñòè÷íî â³äì³íí³ ãðóïè äàíèõ, ùî âêàçó-
âàëè íà äîñòîâ³ðí³ñòü â³äì³ííîñòåé ì³æ àíàë³-
çîâàíèìè ãåíîòèïàìè.

Ãåíîòèïóâàííÿ çðàçê³â çà äîïîìîãîþ ìåòîäó 
îö³íêè ïîë³ìîðô³çìó äîâæèíè ³íòðîí³â �-òóáó-
ë³íó (ÒÂÐ-àíàë³ç). Ãåíîìíó ÄÍÊ âèä³ëÿëè ç
ïðîðîñòê³â íàñ³ííÿ àíàë³çîâàíèõ çðàçê³â (ïî 10 
ðîñëèí êîæíîãî ãåíîòèïó) çà äîïîìîãîþ ìåòî-
äó ÖÒÀÁ (öåòèë-òðèìåòèëàìîí³ÿ áðîì³ä) (Sam-
brook and David, 2001). ßê³ñòü îòðèìàíî¿ ÄÍÊ 
òà ¿¿ êîíöåíòðàö³þ âèçíà÷àëè çà äîïîìîãîþ 
åëåêòðîôîðåçó â 1,5%-íîìó àãàðîçíîìó ãåë³ òà 
çà äîïîìîãîþ ñïåêòðîôîòîìåòðó NanoDropTM 
Lite («Thermo Scientific», ÑØA). Îäåðæàí³ 
çðàçêè ÄÍÊ çáåð³ãàëè çà òåìïåðàòóðè –20 ºÑ. 

Äëÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) 
âèêîðèñòîâóâàëè ïî 50 íã ÄÍÊ äëÿ êîæíî¿ ç 
ïðîá. Êîæíó ÏËÐ ïðîâîäèëè ùîíàéìåíøå ó
äâîêðàòí³é ïîâòîðíîñò³ (ç âèêîðèñòàííÿì íå-
ãàòèâíîãî êîíòðîëþ), ùî äîçâîëÿëî ï³äòâåð-
äèòè ñïåöèô³÷í³ñòü îòðèìàíèõ ïðîäóêò³â àìï-
ë³ô³êàö³¿. ÏËÐ ïðîâîäèëè â ì³êðîïðîá³ðêàõ 
îá’ºìîì 200 ìêë çà äîïîìîãîþ àìïë³ô³êàòîðà 
Thermal Cycler 2720 («Applied Biosystems», 
ÑØÀ). Ðåàêö³éíà ñóì³ø çàãàëüíèì îá’ºìîì 
10 ìêë ì³ñòèëà ï’ÿòèêðàòíèé ÏËÐ-áóôåð ç 
ñóëüôàòîì àìîí³þ, 2,5 ììîëü MgCl2, 50 íã 
ðîñëèííî¿ ÄÍÊ, 1 ìêÌ êîæíîãî ç ïðàéìåð³â, 
0,2 ìÌ êîæíîãî äÍÒÔ, 0,5 îä. Taq ïîë³ìåðàçè 
(«Fermentas», Ëèòâà). 

Àíàë³ç ïîë³ìîðô³çìó äîâæèíè 1-ãî òà 2-ãî 
³íòðîí³â �-òóáóë³íó ïðîâîäèëè â³äïîâ³äíî äî 
ìåòîäèêè, îïèñàíî¿ ðàí³øå (Bardini et al, 2004; 
Braglia et al, 2022). Äëÿ ÏËÐ âèêîðèñòîâóâàëè  
ïàðè âèðîäæåíèõ ïðàéìåð³â, ùî ôëàíêóþòü 
1-é (ÒÂÐ-àíàë³ç) òà 2-é (ñÒÂÐ-àíàë³ç) ³íòðîíè
�-òóáóë³íó, à ñàìå äëÿ ÒÂÐ-àíàë³çó (5’�3’) –
F: AACTGGGCBAARGGNCAYTAYAC; R: AC-

Ðèñ. 1. Ñåëåêö³éíà ³ñòîð³ÿ îòðèìàííÿ ëèñòîâîãî òèôîíó ãîëëàíäñüêî¿ ñåëåêö³¿ (B. rapa subsp. pekinensis ×
× rapifera) òà îë³éíîãî òèôîíó óêðà¿íñüêî¿ ñåëåêö³¿ (B. rapa subsp. oleifera × (rapifera × pekinensis))
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Ãåíîòèïóâàííÿ âíóòð³øíüîâèäîâèõ ã³áðèä³â Brassica rapa 

CATRCAYTCRTCD GCRTTYTC (Breviario et
al, 2007), à äëÿ ñÒÂÐ-àíàë³çó (5’�3’) – F:
GARAAYGCHGAYGARTGYATG; R: CRAAV-
CCBACCATGAARAARTG (Braglia et al, 2010). 
Àìïë³ô³êàö³þ ïðîâîäèëè çã³äíî ç íàñòóïíèì 
ïðîòîêîëîì: ïî÷àòêîâà äåíàòóðàö³ÿ (94 ºÑ) –
3 õâ, 40 öèêë³â àìïë³ô³êàö³¿ (äåíàòóðàö³ÿ
94 ºÑ – 30 ñ, â³äïàë ïðàéìåð³â 55 ºÑ – 40 ñ, 
åëîíãàö³ÿ 72 ºÑ – 1,5 õâ), çàâåðøàëüíà åëîíãà-
ö³ÿ 72 ºÑ – 8 õâ, 15 ºÑ – óòðèìàííÿ (Bardini 
et al, 2004). Ïðîäóêòè àìïë³ô³êàö³¿ ðîçä³ëÿëè 
çà äîïîìîãîþ åëåêòðîôîðåçó â 6%-íîìó íå-
äåíàòóðóþ÷îìó ïîë³àêðèëàì³äíîìó ãåë³ â 1× 
ÒÂÅ-áóôåð³ (òðèâàë³ñòü ðîçä³ëåííÿ ôðàãìåí-
ò³â 2–3 ãîä) (Sambrook and David, 2001) ç ïî-
äàëüøèì ôàðáóâàííÿì í³òðàòîì ñð³áëà (Ben-
bouza et al, 2006). Äîâæèíó â³äòâîðþâàíèõ ³
íàéá³ëüø ÷³òêèõ ôðàãìåíò³â âèçíà÷àëè, âèêî-
ðèñòîâóþ÷è ÄÍÊ-ìàðêåð O’Gene Ruler™
100 bp Plus DNA Ladder, ready-to-use («Fer-
mentas», Ëèòâà). 

Öèôðîâ³ ôîòîãðàô³¿ ãåë³â àíàë³çóâàëè ç âè-
êîðèñòàííÿì ïðîãðàìè Gel Analyzer (gelanalyzer.
software.informer.com/1.0/). Íàÿâí³ñòü àìïë³êî-
íó ïåâíîãî ðîçì³ðó îö³íþâàëè çà á³íàðíîþ 
ñèòåìîþ: 1 – íàÿâíèé, 0 – â³äñóòí³é. Ãåíåòè÷í³ 
äèñòàíö³¿ ì³æ àíàë³çîâàíèìè ãåíîòèïàìè áóëè 
âèçíà÷åí³ çà äîïîìîãîþ ïðîãðàìè Free Tree 
(Pavlicek et al, 1999) íà îñíîâ³ ðîçðàõîâàíèõ 
êîåô³ö³ºíò³â Íåÿ òà Ë³ (Nei, 1972; Nei and Li, 
1979), êîòð³ áóëè îáðàõîâàí³ íà îñíîâ³ ìàòðèö³ 
íàÿâíîñò³/â³äñóòíîñò³ àìïë³êîí³â ð³çíî¿ ìîëå-
êóëÿðíî¿ ìàãè. Ðîçðàõîâàí³ çíà÷åííÿ ïîä³á-
íîñò³ áóëè âèêîðèñòàí³ äëÿ çä³éñíåííÿ êëàñ-
òåðíîãî àíàë³çó òà ïîáóäîâè ô³ëîãåíåòè÷íîãî 
äåðåâà çà äîïîìîãîþ ìåòîäó UPGMA. Äîñòî-
â³ðí³ñòü òîïîëîã³¿ ô³ëîãåíåòè÷íîãî äåðåâà îö³-
íþâàëè íà îñíîâ³ áóòñòðåï-àíàë³çó, îáñÿãîì ó 
1000 ³òåðàö³é (Hillis and Bull, 1993). Â³çóàë³çàö³þ 
îòðèìàíèõ ô³ëîãåíåòè÷íèõ äåðåâ çä³éñíþâàëè 
ç âèêîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ 
MEGA11 (Tamura et al, 2021).

Ðåçóëüòàòè òà îáãîâîðåííÿ. ßê âæå çàçíà÷à-
ëîñü, ã³áðèäí³ ë³í³¿ òèôîíó óêðà¿íñüêî¿ ñåëåê-
ö³¿ º îçèìèìè îë³éíèìè ðîñëèíàìè, íà â³äì³íó 
â³ä òèôîíó ãîëëàíäñüêî¿ ñåëåêö³¿, êîòðèé º 
âèêëþ÷íî êîðìîâîþ êóëüòóðîþ. Íåçâàæàþ÷è 
íà ñï³ëüíå ñåëåêö³éíå ïîõîäæåííÿ îë³éíîãî 
òèôîíó, ð³çí³ ë³í³¿ ñóòòºâî ð³çíÿòüñÿ ì³æ ñîáîþ 
çà ìîðôîìåòðè÷íèìè ïîêàçíèêàìè (ðèñ. 2).

Âèñîòà ðîñëèí ó ôàçó äîñòèãàííÿ ñòàíîâè-
ëà 123,4–135,4 ñì (ðèñ. 2, à). Íàéá³ëüøîþ 
âèñîòîþ õàðàêòåðèçóâàëèñÿ ðîñëèíè ñîðòó Îá-
ð³é, à íàéìåíøîþ – ðîñëèíè ë³í³¿ ÅÎÒÔÂÑ 
(135,4 òà 123,4 ñì, â³äïîâ³äíî). Âèñîòà ³íøèõ 
ãåíîòèï³â äîñòîâ³ðíî íå â³äð³çíÿëàñü ì³æ ñî-
áîþ (ÅÎÒÔÂ, Ô³òîïàë, Îðàêàì).

Ê³ëüê³ñòü ñòðó÷ê³â íà îñíîâíîìó òà á³÷íèõ 
ñòåáëàõ äîñòîâ³ðíî â³äð³çíÿëàñüÿ ó á³ëüøîñò³ 
ãåíîòèï³â – îñíîâí³ ñòåáëà ìàëè á³ëüøó ê³ëü-
ê³ñòü ñòðó÷ê³â. Íà îñíîâíîìó ñòåáë³ ôîðìóâà-
ëîñÿ íà 26–87,3% á³ëüøå ñòðó÷ê³â, çàëåæíî
â³ä ãåíîòèïó (ðèñ. 2, á). Íàéá³ëüøó ê³ëüê³ñòü 
ñòðó÷ê³â íà îñíîâíîìó ñòåáë³ ìàëè ÅÎÒÔÂÑ 
òà ñîðò Îáð³é – 35,9 òà 39,7 â ñåðåäíüîìó â³ä-
ïîâ³äíî. Óñ³ ³íø³ ãåíîòèïè ìàëè äîñòîâ³ðíî 
ìåíøó ê³ëüê³ñòü ïëîä³â íà îñíîâíèõ ñòåáëàõ – 
24,3–28,1. Ê³ëüê³ñòü ñòðó÷ê³â íà á³÷íèõ ïàãî-
íàõ (ðèñ. 2, â) êîëèâàëàñÿ äåùî â ìåíøèõ ìå-
æàõ òà, çàëåæíî â³ä ãåíîòèïó, ñòàíîâèëà 15–
23,3 ïëîäè íà ñòåáëî. Ïðè öüîìó ñîðòè Îáð³é 
òà Ô³òîïàë (22,3–23,3) âèð³çíÿëèñÿ äîñòîâ³ðíî 
íàéá³ëüøîþ ê³ëüê³ñòþ ñòðó÷ê³â íà á³÷íèõ ñòå-
áëàõ, ïîð³âíÿëî ç ³íøèìè ãåíîòèïàìè òàêèìè, 
ÿê ÅÎÒÔÂ òà Îðàêàì (15–17,1). ÅÎÒÔÂ ìàâ 
ïðîì³æíå çíà÷åííÿ öüîãî ïîêàçíèêà òà äî-
ñòîâ³ðíî íå â³äð³çíÿâñÿ â³ä ³íøèõ ãåíîòèï³â çà 
ê³ëüê³ñòþ ñòðó÷ê³â íà á³÷íèõ ñòåáëàõ (20,9 ïëî-
äè íà á³÷íèé ïàã³í).

Ñóòòºâèõ â³äì³ííîñòåé çà ðîçì³ðàìè ñòðó÷-
ê³â ç îñíîâíîãî òà á³÷íèõ ñòåáåë âèÿâëåíî íå 
áóëî. Íà ðèñ. 2, ã òà 2, ä íàâåäåíî â³äì³ííîñò³ 
â ä³àìåòð³ òà äîâæèí³ ñòðó÷ê³â ç îñíîâíîãî 
ñòåáëà ð³çíèõ ãåíîòèï³â òèôîíó. Ä³àìåòð ñòðó÷-
ê³â ð³çíèõ ãåíîòèï³â êîëèâàâñÿ â ìåæàõ 3,2–
4,2 ìì. Ñîðò Îáð³é âèð³çíÿâñÿ íàéá³ëüø øè-
ðîêèìè ñòðó÷êàìè – 4,2 ìì, â òîé ÷àñ ÿê 
ãåíîòèïè ÅÎÒÔÂÑ, Ô³òîïàë òà Îðàêàì ìàëè 
çíà÷íî ìåíø³ çà ä³àìåòðîì ñòðó÷êè – â ìåæàõ 
3,6–3,8 ìì, à ÅÎÒÔÂ âèð³çíÿâñÿ íàéòîíøèìè 
ïëîäàìè – ëèøå 3,2 ìì. Ó òîé æå ÷àñ íàé-
á³ëüøîþ äîâæèíîþ ñòðó÷ê³â õàðàêòåðèçóâàëè-
ñÿ ðîñëèíè ñîðò³â Ô³òîïàë òà Îðàêàì – 7,9 òà
7,6 ñì â³äïîâ³äíî. Ãåíîòèïè ÅÎÒÔÂÑ òà 
ÅÎÒÔÂ ìàëè äîñòîâ³ðíî ìåíø³ ðîçì³ðè ïëî-
ä³â (6,6 òà 6,9 ñì), à íàéêîðîòøèìè ñòðó÷êà-
ìè âèð³çíÿâñÿ ñîðò Îáð³é (6,2 ñì). 

Â òîé æå ÷àñ, çà ê³ëüê³ñòþ íàñ³íèí â ñòðó÷-
êàõ º ñóòòºâà ïåðåâàãà íà êîðèñòü ïëîä³â ç 
îñíîâíîãî ñòåáëà. Íà ðèñ. 2, å òà 2, ³ íàâåäåíî 
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äàí³ ùîäî ê³ëüêîñò³ íàñ³ííÿ â ñòðó÷êàõ ç ð³çíèõ 
òèï³â ñòåáåë. Íàéá³ëüøà ê³ëüê³ñòü íàñ³ííÿ â 
ñòðó÷êàõ îñíîâíîãî ïàãîíó ì³ñòèëàñÿ ó ñîðòó 
Îðàêàì (22), äåùî ìåíøå ó ãåíîòèï³â ÅÎÒÔÂÑ 
òà ÅÎÒÔÂÑ (20,7 òà 18,5), à íàéìåíøà ê³ëüê³ñòü 
íàñ³íèí áóëà âèÿâëåíà ó ïëîäàõ ñîðò³â Îáð³é 
òà Ô³òîïàë (14,6 òà 15,1). Çàãàëîì, çàëåæíî 
â³ä ãåíîòèïó òà ñòåáëà, íà ÿêîìó ôîðìóºòüñÿ 
ñòðó÷îê, ïë³ä ìîæå ì³ñòèòè â³ä 13 äî 22 
íàñ³íèí. Íàñ³ííÿ çàëåæíî â³ä ôîðì òà ñîðò³â 
ðîñëèí ìàº çàáàðâëåííÿ â³ä ñâ³òëî-êîðè÷íåâîãî 
äî ñ³ðî-÷îðíîãî. Ìàñà 1000 íàñ³íèí ó ñîðò³â 
ÅÎÒÔÂ, Îáð³é, Ô³òîïàë òà Îðàêàì äîñòîâ³ðíî 
íå â³äð³çíÿëàñü òà âàð³þâàëà â ìåæàõ 4,3–4,8 ã,
à ó ñåëåêö³éíî¿ ë³í³¿ ÅÎÒÔÂÑ áóëà çíà÷íî ìåí-

øîþ òà ñòàíîâèëà â ñåðåäíüîìó 2,4 ã (ðèñ. 2, 
æ). Âàðòî òàêîæ çàçíà÷èòè, ùî çíà÷íó ÷àñò-
êó âðîæàþ íàñ³ííÿ ñêëàäàº íàñ³ííÿ ç³ ñòðó÷ê³â 
á³÷íèõ ïàãîí³â, â òîé ÷àñ ÿê íàñ³ííÿ ç îñíî-
âíîãî ñòåáëà ñêëàäàº 19,5–21,5 % â³ä çàãàëü-
íîãî âðîæàþ. Çàãàëüíèé âèõ³ä íàñ³ííÿ ç ðîñ-
ëèíè (äàí³ çà 2019–2021 ðð. äëÿ ñîðòó Îðàêàì) 
ñêëàäàëè 6,13–8,17 ã, ùî çíà÷íî ïåðåâàæàº 
çà ïðîäóêòèâí³ñòþ îçèìó ñóð³ïèöþ (5,03 ã,
áàòüê³âñüêèé ãåíîòèï, ñîðò Îð³àíà), îäíàê äåùî 
ïîñòóïàºòüñÿ îçèìîìó ð³ïàêó çà âèõîäîì íà-
ñ³ííÿ (8,29 ã â ñåðåäíüîìó íà ðîñëèíó) (Tsaruk, 
and Rakhmetov, 2022).

Âðîæàéí³ñòü íàäçåìíî¿ ìàñè ëîñë³äæóâàíèõ 
çðàçê³â âàð³þâàëà çíà÷íîþ ì³ðîþ, çàëåæíî â³ä

Ðèñ. 2. Ìîðôîëîã³÷í³ â³äì³ííîñò³ àíàë³çîâàíèõ ãåíîòèï³â òèôîíó (B. rapa subsp. oleifera × (rapifera × 
× pekinensis)): âèñîòà ðîñëèíè (a), ê³ëüê³ñòü ñòðó÷ê³â íà îñíîâíîìó (á) òà á³÷íèõ ïàãîíàõ (â), ä³àìåòð (ã) òà 
äîâæèíà (ä) ñòðó÷êà íà îñíîâíîìó ñòåáë³, ê³ëüê³ñòü íàñ³íèí ó ñòðó÷êàõ ç îñíîâíîãî (å) òà á³÷íîãî ïàãîí³â (³), 
ìàñà íàäçåìíî¿ ÷àñòèíè ðîñëèí (¿), âàãà òèñÿ÷³ íàñ³íèí (æ). Ëàòèíñüê³ ë³òåðè íàä ïëàíêàìè ñòàíäàðòíîãî 
â³äõèëåííÿ ïîçíà÷àþòü äîñòîâ³ðí³ñòü â³äì³ííîñòåé çíà÷åíü ì³æ àíàë³çîâàíèìè ãåíîòèïàìè çà p < 0,05
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ãåíîòèïó òèôîíó (ðèñ. 2, ¿). Íàéá³ëüøó ê³ëü-
ê³ñòü íàäçåìíî¿ ìàñè ôîðìóâàëè ðîñëèíè ñîð-
ò³â Îáð³é òà Ô³òîïàë – 870 òà 845 ã íà 10 ðîñ-
ëèí. Çíà÷íî ìåíøèé âèõ³ä á³îìàñè ïîêàçàâ 
ÅÎÒÔÂÑ (625 ã), à ñåëåêö³éíà ë³í³ÿ ÅÎÒÔÂ 
òà ñîðò Îðàêàì âèð³çíÿëèñÿ íàéìåíøîþ âðî-
æàéí³ñòþ íàäçåìíî¿ ìàñè (515 òà 485 ã â³ä-
ïîâ³äíî). Ó ïîïåðåäí³õ äîñë³äæåííÿõ áóëî âè-
ÿâëåíî, ùî çàãàëüíèé âèõ³ä íàäçåìíî¿ á³î-
ìàñè ìîæå ñòàíîâèòè 43,8–74 ò/ãà, ùî åêâ³âà-
ëåíòíî 13,1–25,2 ò/ãà ñóõî¿ á³îìàñè (Rakhmetov 
and Rakhmetova, 2015). Òàêà âèñîêà ïðîäóê-
òèâí³ñòü á³îìàñè ìîæå ïîÿñíþâàòèñü òèì, ùî
îäèí ç áàòüê³âñüêèõ ãåíîòèï³â îë³éíîãî òèôî-
íó (ãîëëàíäñüêèé òèôîí) º ôóðàæíèõ ã³áðèäîì, 
îòðèìàíèì ç ìåòîþ ïðîäóêóâàííÿ âåëèêèõ 
îáñÿã³â á³îìàñè (Rao and Horn, 1986; Wieden-
hoeft, 1993; Cassida et al, 1994).

Ðàí³øå íàìè áóëî ïîêàçàíî, ùî îë³éí³ ã³á-
ðèäè òèôîíó çàëåæíî â³ä ãåíîòèïó çäàòí³ ôîð-

ìóâàòè âðîæà¿ íàñ³ííÿ íà ð³âí³ 2394–4124 êã/ãà
(Blume et al, 2020b) àáî 2600–4508 êã/ãà (Rakh-
metov and Rakhmetova, 2015). Ïðè öüîìó áó-
ëî ïîêàçàíî, ùî îçèìà ñóð³ïèöÿ, â òîìó ÷èñë³ 
³ áàòüê³âñüêèé ãåíîòèï òèôîíó, çäàòí³ ôîð-
ìóâàòè àíàëîã³÷í³ àáî âèù³ âðîæà¿ íàñ³ííÿ â 
ìåæàõ 3770–4630 êã/ãà (Blume et al, 2020b). 
Òàêèì ÷èíîì, íàéìåíø ïðîäóêòèâí³ ãåíîòè-
ïè òèôîíó (ÅÎÒÔÂ, Îðàêàì) ïîñòóïàþòüñÿ 
îçèì³é ñóð³ïèö³ çà âðîæàéí³ñòþ. Îäíàê, ïðè 
öüîìó âàðòî çàçíà÷èòè, ùî óñ³ ãåíîòèïè òèôî-
íó õàðàêòåðèçóþòüñÿ çíà÷íî âèùèì âì³ñòîì 
îë³¿ ó íàñ³íí³ (40,9–45,1 %), í³æ ñóð³ïèöÿ îçè-
ìà (35,3–38,1 %). Öå äîçâîëÿº îòðèìóâàòè âè-
õ³ä îë³¿ ç íàñ³ííÿ òèôîíó â ìåæàõ 989–
1860 êã/ãà, ïðîòè 1138–1389 êã/ãà. Òàêèì ÷è-
íîì, íàéá³ëüø ïðîäóêòèâí³ ãåíîòèïè îë³éíîãî 
òèôîíó (ÅÎÒÔÂÑ, Îáð³é, Ô³òîïàë) ìîæóòü 
çàáåçïå÷èòè îòðèìàííÿ çíà÷íî á³ëüøî¿ ê³ëü-
êîñò³ îë³¿ íà îäèíèöþ ïëîù³, í³æ òàê³ îçèì³ 

Ðèñ. 3. Åëåêòðîôîðåãðàìà àìïë³ô³êîâàíèõ ä³ëÿíîê 1-ãî ³íòðîíó �-òóáóë³íó (TBP) äëÿ ð³çíèõ ï³äâèä³â òà ã³-
áðèä³â B. rapa: subsp. pekinensis var. glabra (íîìåðè 1–3); subsp. pekinensis var. laxa (4–6); subsp. oleifiera (7–12); 
ëèñòîâèé òèôîí – subsp. pekinensis × rapifera (13); îë³éíèé òèôîí – subsp. oleifera × (rapifera × pekinensis) 
(14–18); subsp. oleifiera f. biennis (19); subsp. oleifiera f. annua (20). Íîìåðàìè ïîçíà÷åíî: 1 – BRA1614; 2 – 
BRA130; 3 – BRA467; 4 – BRA1600; 5 – BRA214; 6 – BRA2324; 7 – 15O0400043; 8 – CR3386; 9 – CR2240; 
10 – CR3452; 11 – CR2303; 12 – CR1478; 13 – BRA2532; 14 – Îáð³é; 15 – Îðàêàì; 16 – ÅÎÒÔÂ; 17 – 
ÅÎÒÔÂÑ; 18 – Ô³òîïàë; 19 – Îð³àíà; 20 – ÅÎÑßÔ-2; M – ÄÍÊ-ìàðêåð
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ñîðòè ñóð³ïèö³, ùî, çîêðåìà, ðîáèòü òèôîí 
ïðèâàáëèâîþ îë³éíîþ ñèðîâèíîþ äëÿ âèðîá-
íèöòâà á³îïàëèâà (Rakhmetov and Rakhmetova, 
2015, Blume et al, 2016, 2017, 2020b).

Ðåçóëüòàòè àíàë³çó æèðíîêèñëîòíîãî ñêëà-
äó îë³¿ íàñ³ííÿ òèôîíó òà éîãî áàòüê³âñüêèõ 
ãåíîòèï³â, ïðîâåäåíîãî íàìè ðàí³øå, ñâ³ä÷àòü 
ïðî òå, ùî ïðîô³ë³ æèðíèõ êèñëîò îë³éíîãî 
òèôîíó á³ëüø ïîä³áí³ äî òàêèõ ó îçèìî¿ ñóð³-
ïèö³, í³æ äî ñêëàäó ë³ï³ä³â íàñ³ííÿ ãîëëàíäñüêîãî 
òèôîíó (Blume et al, 2019). Çîêðåìà, îë³ÿ íà-
ñ³ííÿ ãîëëàíäñüêîãî òèôîíó ì³ñòèòü çíà÷íî 
ìåíøó ê³ëüê³ñòü åðóêîâî¿ êèñëîòè (34,1 % 
ïðîòè 39,95–42,28 % â óêðà¿íñüêîãî òèôîíó), 
à òàêîæ á³ëüøå ïîë³íåíàñè÷åíî¿ ë³íîëåâî¿ êèñ-
ëîòè (16,32 % ïðîòè 12,82–13,56 %). Òàêèì 
÷èíîì, áóëî ïîêàçàíî, ùî îë³éíèé òèôîí, ÿê 
³ îçèìà ñóð³ïèöÿ, õàðàêòåðèçóºòüñÿ á³ëüø âè-
ñîêèì ð³âíåì íàêîïè÷åííÿ äîâãîëàíöþãîâèõ 
æèðíèõ êèñëîò, íà â³äì³íó â³ä ãîëëàíäñüêîãî 
ëèñòîâîãî òèôîíó, â ÿêîãî áàëàíñ íàêîïè÷åí-
íÿ æèðíèõ êèñëîò â ë³ï³äàõ íàñ³ííÿ äåùî çì³-

ùåíèé â á³ê ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò 
(Blume et al, 2019). Òàêîæ áóëî ïîêàçàíî, ùî 
æèðíîêèñëîòíèé ñêëàä òèôîíó òà îçèìî¿ ñó-
ð³ïèö³ ñóòòºâî â³äð³çíÿþòüñÿ â³ä ïðîô³ë³â ÿðî¿ 
ñóð³ïèö³, ë³ï³äè íàñ³ííÿ ÿêî¿ ì³ñòÿòü çíà÷íî 
á³ëüøó ê³ëüê³ñòü æèðíèõ êèñëîò ç ñåðåäíüîþ 
äîâæèíîþ ëàíöþãà (Ñ18 ³ ìåíøå).

Íà íàñòóïíîìó åòàï³ íàìè áóëî ïðîâåäåíî 
ÄÍÊ-áàðêîäèíã çðàçê³â B. rapa, êîòð³ íàëå-
æàòü äî ð³çíèõ ï³äâèä³â, øëÿõîì îö³íêè ïîë³-
ìîðô³çìó äîâæèíè 1-ãî òà 2-ãî ³íòðîí³â �-
òóáóë³íó (ðèñ. 3 òà 4). Ïðè àíàë³ç³ ðåçóëüòàò³â 
àìïë³êîíè ç âåëèêîþ ìîëåêóëÿðíîþ ìàñîþ íå
âðàõîâóâàëèñü, îñê³ëüêè º ðèçèê òîãî, ùî ïî-
ÿâà ôðàãìåíò³â á³ëüøå 1000 ï.î. ìîæå áóòè íà-
ñë³äêîì íåñïåöèô³÷íî¿ àìïë³ô³êàö³¿, ÷åðåç ùî 
òàê³ àìïë³êîíè ÷àñòî íå â³äòâîðþþòüñÿ ïðè 
ïîâòîðíèõ åêñïåðèìåíòàõ (Rabokon et al, 2018).

Çàãàëîì áóëî âèÿâëåíî 44 àìïë³êîíè 1-ãî 
³íòðîíó �-òóáóë³íó ð³çíî¿ äîâæèíè. Çíà÷íà ÷àñ-
òèíà àíàë³çîâàíèõ àìïë³êîí³â áóëà ïîë³ìîðô-
íîþ. Âàðòî çàçíà÷èòè, ùî ºäèíèé àìï³ëêîí, 

Ðèñ. 4. Åëåêòðîôîðåãðàìà àìïë³ô³êîâàíèõ ä³ëÿíîê 2-ãî ³íòðîíó �-òóáóë³íó (cTBP) äëÿ ð³çíèõ ï³äâèä³â òà 
ã³áðèä³â B. rapa: subsp. pekinensis var. glabra (íîìåðè 1–3); subsp. pekinensis var. laxa (4–6); subsp. oleifiera (7–12); 
ëèñòîâèé òèôîí – subsp. pekinensis × rapifera (13); îë³éíèé òèôîí – subsp. oleifera × (rapifera × pekinensis) (14–
18); subsp. oleifiera f. biennis (19); subsp. oleifiera f. annua (20). Íîìåðàìè ïîçíà÷åíî: 1 – BRA467; 2 – BRA130;
3 – BRA1614; 4 – BRA1600; 5 – BRA214; 6 – BRA2324; 7 – 15O0400043; 8 – CR3386; 9 – CR2240; 10 – 
CR3452; 11 – CR2303;12 – CR1478; 13 – BRA2532; 14 – Îáð³é; 15 – Îðàêàì; 16 – ÅÎÒÔÂ; 17 – ÅÎÒÔÂÑ; 
18 – Ô³òîïàë; 19 – Îð³àíà; 20 – ÅÎÑßÔ-2; M – ÄÍÊ-ìàðêåð
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ñï³ëüíèé äëÿ óñ³õ áåç âèíÿòêó ãåíîòèï³â B. 
rapa, áóâ çà ðîçì³ðîì ìåíøå 300 ï.í. òà íå 
âàð³þâàâ çà äîâæèíîþ. Ê³ëüê³ñòü àìïë³êîí³â 
1-ãî ³íòðîíó ñòàíîâèëà â³ä 13 äî 21 ôðàãìåíòó 
ó àíàë³çîâàíîìó ä³àïàçîí³ â³ä 290 äî 1000 ï.í. 
ó ð³çíèõ ãåíîòèï³â (ðèñ. 3). Ð³çí³ ãåíîòèïè 
B. rapa subsp. pekinensis var. glabra òà var. laxa 
ìàëè â ñåðåäíüîìó 15,5 ± 0,7 òà 15,3 ± 2,9 àì-
ïë³êîíè â³äïîâ³äíî. Ãåíîòèïè ñóð³ïèö³ (ÿê 
îçèìî¿, òàê ³ ÿðî¿) õàðàêòåðèçóâàëèñü íàÿâ-
í³ñòþ 17,8 ± 2,8 àìïë³êîí³â ó ñåðåäíüîìó, ãå-
íîòèï ëèñòîâîãî òèôîíó ìàâ 16 àìïë³êîí³â, à 
îë³éíèé òèôîí – 16,8 ± 3,4. 

Ïðè àíàë³ç³ ïîë³ìîðô³çìó äîâæèíè 2-ãî 
³íòðîíó �-òóáóë³íó áóëî âèÿâëåíî 48 àìïë³êî-
í³â ð³çíî¿ äîâæèíè. Çíà÷íà ÷àñòèíà àíàë³çîâà-
íèõ àìïë³êîí³â áóëà ïîë³ìîðôíîþ, îäíàê àá-
ñîëþòíî ìîíîìîðôíèìè áóëè 4 àìïë³êîíè, 
äîâæèíà ÿêèõ íå âàð³þâàëà ó âñ³õ ãåíîòèï³â. 
Ê³ëüê³ñòü àìïë³êîí³â ó êîæíîãî ç³ çðàçê³â âà-
ð³þâàëà â çíà÷íî ìåíøèõ ìåæàõ, í³æ ó âèïàäêó 
ôðàãìåíò³â 1-ãî ³íòðîíó, é ñòàíîâèëà 20–25 ó 
çàäàíîìó ä³àïàçîí³ (ðèñ. 4). Âàð³àö³ÿ ê³ëüêîñò³ 
àìïë³êîí³â ì³æ ï³äâèäàìè áóëà òàêîæ çíà÷íî 
ìåíøîþ. Òàê, çðàçêè B. rapa subsp. pekinensis 
var. glabra òà var. laxa ìàëè â ñåðåäíüîìó 21 ±
± 1 òà 22 ± 1 àìïë³êîíè â³äïîâ³äíî. Ãåíîòèïè 
ñóð³ïèö³ (ÿê îçèìî¿ òàê ³ ÿðî¿) õàðàêòåðèçóâà-
ëèñü íàÿâí³ñòþ 22,8 ± 1,6 àìïë³êîí³â â ñåðåä-
íüîìó, ãåíîòèï ëèñòîâîãî òèôîíó ìàâ 25 àì-
ïë³êîí³â, à îë³éíèé òèôîí òàê ñàìî, ÿê ³ ñó-
ð³ïèöÿ, ìàâ 22,8 ± 0,8 àìïë³êîíè.

Òàêèì ÷èíîì ìîæíà ñòâåðäæóâàòè, ùî â³ä-
ì³ííîñò³ ó ê³ëüêîñò³ àìïë³êîí³â ì³æ ð³çíèìè 
ïðîàíàë³çîâàíèìè ï³äâèäàìè òà ã³áðèäàìè íå
º äîñòîâ³ðíèìè. Äàíèé ôàêò ñâ³ä÷èòü íà êî-
ðèñòü òîãî, ùî íàéâ³ðîã³äí³øå óñ³ àíàë³çîâàí³ 
çðàçêè õàðàêòåðèçóþòüñÿ îäíàêîâèì ð³âíåì 
ïëî¿äíîñò³ òà º äèïëî¿äàìè. Ðàí³øå ó äåÿêèõ 
äæåðåëàõ ñòâåðäæóâàëîñÿ, ùî òèôîí, íàðÿäó ç
³íøèì ã³áðèäîì ‘Perko’, º òåòðàïëî¿äîì (Gowers, 
2010). Âàðòî çàçíà÷èòè, ùî òåòðàïëî¿äíèé ‘Perko’
áóâ îòðèìàíèé ó ðåçóëüòàò³ ã³áðèäèçàö³¿ äèïëî-
¿äíîãî ïàê-÷îÿ (B. rapa subsp. chinensis) òà òåòðà-
ïëî¿äíî¿ ñóð³ïèö³ (B. rapa subsp. oleifera). Ó òîé
æå ÷àñ ó ë³òåðàòóð³ íåìàº æîäíî¿ ³íôîðìàö³¿ 
ùîäî ï³äâèùåíîãî ð³âíÿ ïëî¿äíîñò³ ó áàòüê³â-
ñüêèõ ãåíîòèï³â ãîëëàíäñüêîãî òèôîíó. Ó âè-
ïàäêó ï³äâèùåíî¿ ïëî¿äíîñò³ ìàëî áè ñïîñòå-

ð³ãàòèñü ñóòòºâå çá³ëüøåííÿ àìïë³ô³êîâàíèõ ä³-
ëÿíîê 1-ãî òà 2-ãî ³íòðîí³â �-òóáóë³íó ó ãîë-
ëàíäñüêîãî òà óêðà¿íñüêîãî òèôîíó, ÿê öå 
áóëî ïîêàçàíî ðàí³øå íà ïðèêëàä³ ïðåäñòàâ-
íèê³â ðîä³â Camelina (Galasso et al, 2015) òà 
Lemna (Braglia et al, 2021). Îäíàê, äîñòîâ³ðíî¿ 
âàð³àáåëüíîñò³ ó ê³ëüêîñò³ ö³ëüîâèõ àìïë³êî-
í³â ó ã³áðèä³â â³äíîñíî íåã³áðèäíèõ ãåíîòèï³â 
B. rapa âèÿâëåíî íå áóëî. 

Ðàí³øå íàìè áóëî ç’ÿñîâàíî, ùî ê³ëüê³ñòü 
àìïë³êîí³â 1-ãî ³íòðîíó �-òóáóë³íó (â á³ëüø 
øèðîêîìó ä³àïàçîí³, â³ä 290 äî 2000 ï.í.) 
ìîæå âàð³þâàòè â ìåæàõ â³ä 12 äî 24 ó ð³çíèõ 
ãåíîòèï³â B. rapa subsp. pekinensis (Blume et al, 
2020a). Îäíàê, íàé³ìîâ³ðí³øå äàíà âàð³àö³ÿ íå 
ïîâ’ÿçàíà ç â³äì³ííîñòÿìè ó ïëî¿äíîñò³, îñê³ëüêè 
ö³ æ ãåíîòèïè (1–6 ó òàáëèö³) íå âèêàçóâàëè 
ñóòòºâèõ â³äì³ííîñòåé ó ê³ëüêîñò³ àìïë³êîí³â 
2-ãî ³íòðîíó �-òóáóë³íó. Îïèñàíà ð³çíèöÿ ó 
ïðîô³ëÿõ àìïë³êîí³â 1-ãî òà 2-ãî ³íòðîí³â ãå-
í³â �-òóáóë³íó ï³äêðåñëþº íåîáõ³äí³ñòü ñï³ëü-
íîãî àíàë³çó âàð³àö³¿ äîâæèíè îáîõ ³íòðîí³â, 
ùî º á³ëüø ³íôîðìàòèâíèì â êîíòåêñò³ àíàë³-
çó ãåíåòè÷íîãî ïîë³ìîðô³çìó ÷è ÄÍÊ-áàðêî-
äèíãó îêðåìèõ òàêñîí³â.

Íà íàñòóïíîìó åòàï³ âèêîðèñòîâóþ÷è îòðè-
ìàí³ äàí³ ÒÂÐ- òà cTBP-àíàë³ç³â íàìè áóëî 
îáðàõîâàíî çíà÷åííÿ êîåô³ö³ºíò³â ïîä³áíîñò³ 
Íåÿ òà Ë³, íà îñíîâ³ ÿêèõ áóëî ðåêîíñòðóéî-
âàíî ô³ëîãåíåòè÷í³ çâ’ÿçêè ïðîàíàë³çîâàíèõ 
ãåíîòèï³â çà äîïîìîãîþ ìåòîäó UPGMA (ðèñ. 
5). Ñï³ëüíèé àíàë³ç ïîë³ìîðô³çìó äîâæèíè 1-ãî 
òà 2-ãî ³íòðîí³â �-òóáóë³íó äîçâîëèâ îòðèìà-
òè äîâîë³ òî÷íó êàðòèíó ðîçïîä³ëó ï³äâèä³â íà 
îêðåì³ êëàäè ç âèñîêîþ äîñòîâ³ðí³ñòþ (á³ëü-
ø³ñòü ã³ëîê ìàëè âèñîêå çíà÷åííÿ áóòñòðåï-ï³ä-
òðèìêè). 

Âàðòî çàçíà÷èòè, ùî ãåíîòèïè ñóð³ïèö³ 
ïðåäñòàâëÿëè ïîë³ô³ëåòè÷íó ãðóïó òà íå âè-
ä³ëÿëèñü â îêðåìó êëàäó. Ãåíîòèïè CR2303 
(²òàë³ÿ) òà CR1478 (ÑØÀ) ñôîðìóâàëè îêðå-
ìó êëàäó, ÿêà ìàëà ïîì³ðíó áóòñòðåï-ï³ä-
òðèìêó (>50 %), ãåíîòèï CR3452 êóáèíñüêîãî 
ïîõîäæåííÿ âèîêðåìèâñÿ â íåçàëåæíó ã³ëêó. 
Òàêîæ, ãåíîòèïè CR2240 (²ðàê), CR3386 (²ñ-
ïàí³ÿ) òà 15O0400043 (Í³ìå÷÷èíà) ñôîðìóâàëè 
îêðåìó ã³ëêó, îäíàê ç íèçüêîþ äîñòîâ³ðí³ñòþ. 
Ö³êàâî, ùî ãåíîòèïè ³ðàêñüêîãî òà ³ñïàíñü-
êîãî ïîõîäæåííÿ ñôîðìóâàëè îêðåìó êëàäó, 
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ÿêà âèîêðåìëþâàëàñü ç âèñîêîþ äîñòîâ³ðí³ñòþ 
(>75 %), ùî ìîæå ñâ³ä÷èòè ïðî ñï³ëüíå ñå-
ëåêö³éíå ïîõîäæåííÿ öèõ äâîõ ñîðò³â. Óñ³ òðè 
çãàäàí³ ã³ëêè ñóð³ïèö³ áóëè áàçàëüíèìè ïî â³ä-
íîøåííþ äî êëàäè òèôîíó îáîõ òèï³â.

Ó òîé æå ÷àñ îçèìà òà ÿðà ñóð³ïèö³ óê-
ðà¿íñüêîãî ïîõîäæåííÿ (Îð³àíà òà ÅÎÑßÔ-2) 
áóëè ðîçòàøîâàí³ ç âèñîêîþ äîñòîâ³ðí³ñòþ ó
ñåñòðèíñüê³ ã³ëêè, êîòð³ áóëè âêëþ÷åí³ â çà-
ãàëüíó êëàäó òèôîíó. Òèôîí ãîëëàíäñüêî¿ òà
óêðà¿íñüêî¿ ñåëåêö³¿ ðàçîì ³ç çàçíà÷åíèìè 
äâîìà ãåíîòèïàìè ñóð³ïèö³ ñôîðìóâàëè îêðåìó 
â³ä ³íøèõ ãåíîòèï³â êëàäó, êîòðà â³ää³ëÿëàñü 
â³ä îñíîâíî¿ ãðóïè ç íàéâèùîþ äîñòîâ³ðí³ñòþ 
(ïîíàä 90 % áóòñòðåï-ï³äòðèìêè) (ðèñ. 5). Òà-
êèì ÷èíîì, îë³éíèé òèôîí óêðà¿íñüêî¿ ñå-
ëåêö³¿ çà ðåçóëüòàòàìè ïðîâåäåíîãî àíàë³çó áóâ 
ðîçòàøîâàíèé íà ô³ëîãåíåòè÷íîìó äåðåâ³ ðà-
çîì ç³ ñâî¿ìè áàòüê³âñüêèìè ãåíîòèïàìè. Ö³-

êàâî, ùî ã³ëêà óêðà¿íñüêèõ ãåíîòèï³â ñóð³ïèö³ 
áóëà ðîçòàøîâàíà ÿê áàçàëüíà äëÿ òðüîõ ãåíî-
òèï³â îë³éíîãî òèôîíó (ÅÎÒÔÂ, ÅÎÒÔÂÑ òà 
Ô³òîïàë), â òîé ÷àñ ÿê äâà ³íøèõ ñîðòè (Îáð³é 
òà Îðàêàì) áóëè âèîêðåìëåí³ ó ñï³ëüíó êëàäó 
ç ãîëëàíäñüêèì ëèñòîâèì òèôîíîì ç âèñîêîþ 
áóòñòðåï-ï³äòðèìêîþ äàíî¿ òîïîëîã³¿.

Ñë³ä çàóâàæèòè, ùî ãåíîòèïè B. rapa subsp. 
pekinensis óòâîðèëè îêðåìó êëàäó, ôîðìóâàííÿ 
ÿêî¿ ñòàòèñòè÷íî ï³äòâåðäæóºòüñÿ ÿê äîñòî-
â³ðíå (çíà÷åííÿ áóòñòðåïó ïîíàä 75). Âîäíî÷àñ
ç öèì ñïîñòåð³ãàâñÿ ðîçïîä³ë ãåíîòèï³â ïå-
ê³íñüêî¿ êàïóñòè çà ¿õ ïðèíàëåæí³ñòþ äî òàêñî-
íîì³÷íèõ ãðóï var. glabra òà var. laxa (ðèñ. 5). 
Ðàí³øå, ïðè àíàë³ç³ ïîë³ìîðô³çìó äîâæèíè ëè-
øå 1-ãî ³íòðîíó �-òóáóë³íó ñèñòåìàòè÷íèé 
ðîçïîä³ë íà ôîðìè var. glabra òà var. laxa íå 
ñïîñòåð³ãàâñÿ, à ð³çíèöÿ ì³æ ïîïóëÿö³ÿìè àáî 
ñîðòàìè áóëà á³ëüø çíà÷èìîþ (Blume et al, 

Ðèñ. 5. Ô³ëîãåíåòè÷íå äåðåâî àíàë³çîâàíèõ ãåíîòèï³â B. rapa, ïîáóäîâàíå ìåòîäîì UPGMA íà îñíîâ³ 
êîåô³ö³ºíò³â ïîä³áíîñò³ Íåÿ òà Ë³, ðîçðàõóíêè ÿêèõ áàçóþòüñÿ íà äàíèõ ïðî ïîë³ìîðô³çì äîâæèíè 1-ãî 
òà 2-ãî ³íòðîí³â �-òóáóë³íó. Äåðåâî ïîáóäîâàíî ç áóòñòðåï-ï³äòðèìêîþ â 1000 ³òåðàö³é òà âêîð³íåíå çà 
âèîêðåìëåíîþ êëàäîþ ãåíîòèï³â B. rapa subsp. pekinensis. Öèôðè íàä ã³ëêàìè ïîçíà÷àþòü â³äíîñíó äîâæèíó 
ã³ëîê, ç³ðî÷êàìè ïîçíà÷åíî äîñòîâ³ðí³ñòü òîïîëîã³¿ ã³ëîê: *** – çíà÷åííÿ áóòñòðåïó >90 %; ** – >75 %; * – 
>50 %. + – áàòüê³âñüê³ ãåíîòèïè îë³éíîãî òèôîíó óêðà¿íñüêî¿ ñåëåêö³¿. Tyfon 1 – B. rapa subsp. pekinensis × 
× rapifera; Tyfon 2 – B. rapa subsp. oleifera × (rapifera × pekinensis)
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2020a). Ó äàíîìó äîñë³äæåíí³ çàâäÿêè îäíî-
÷àñíîìó àíàë³çó âàð³àö³¿ äîâæèíè îáîõ ³íòðî-
í³â ãåí³â �-òóáóë³íó âäàëîñÿ äîâîë³ òî÷íî äè-
ôåðåíö³þâàòè çàçíà÷åí³ òàêñîíîì³÷í³ îäèíèö³ 
â ìåæàõ ï³äâèäó ïåê³íñüêî¿ êàïóñòè.

Âàð³àö³ÿ ê³ëüê³ñò³ àìïë³êîí³â ³íòðîí³â �-òó-
áóë³íó âñåðåäèí³ ð³çíèõ òàêñîíîì³÷íèõ ãðóï 
B. rapa çàëèøàºòüñÿ íå äî ê³íöÿ çðîçóì³ëîþ, 
îñê³ëüêè íàðàç³ ê³ëüê³ñòü ãåí³â �-òóáóë³íó äëÿ 
ð³çíèõ ï³äâèä³â B. rapa äîñòåìåííî íåâ³äîìà. 
Ðàí³øå áóëî âñòàíîâëåíî, ùî ó ³íøèõ Õðåñòî-
öâ³òèõ, òàêèõ, ÿê A. thaliana, ÷èñëî ãåí³â ð³ç-
íèõ ³çîòèï³â �-òóáóë³íó ñòàíîâèòü 9, à ó C. sa-
tiva – 20 (Galasso et al, 2015). Âðàõîâóþ÷è, ùî
B. rapa º äèïëî¿äèçîâàíèì ìåçîãåêñàïëî¿äíèì 
âèäîì (¿¿ ãåíîì çàçíàâ òðèïë³êàö³¿ íà ðàíí³õ 
åòàïàõ åâîëþö³¿) (Mandáková, et al, 2008; Zhang 
et al, 2018), ñë³ä áóëî áè î÷³êóâàòè, ùî ê³ëü-
ê³ñòü ãåí³â �-òóáóë³íó áóäå á³ëüøîþ, í³æ ó 
âèä³â, êîòð³ íå çàçíàëè ïîä³áíèõ åâîëþö³é-
íèõ ïîä³é (ÿê íàïð., A. thaliana). Íàéâ³ðîã³ä-
í³øå, ùî äóïë³êîâàí³ ãåíè òóáóë³í³â íå åë³ì³-
íóâàëèñü, îñê³ëüêè ó ð³çíèõ âèä³â ñïîñòåð³ãà-
ºòüñÿ òåíäåíö³ÿ äî çáåðåæåííÿ äóïë³êîâàíèõ 
ãåí³â òóáóë³í³â ç ¿õ ïîäàëüøîþ ñóáôóíêö³îíà-
ë³çàö³ºþ (Gavazzi et al, 2017).

Âàð³àö³ÿ ÷èñëà àìïë³êîí³â ó ð³çíèõ ï³äâèä³â 
(òà, â³äïîâ³äíî, ãåí³â �-òóáóë³íó) ìîæå áóòè 
ïîâ’ÿçàíà ç ãåíîìíèìè ïåðåáóäîâàìè ó ð³çíèõ 
ï³äâèä³â. Íà ñüîãîäí³ ïîêàçàíî, ùî á³ëüø³ñòü 
ïðåäñòàâíèê³â ð³çíèõ ãðóï ñîðò³â B. rapa ìàþòü 
÷³òê³ â³äì³ííîñò³ íå ëèøå íà ãåíåòè÷íîìó, à é 
íà ãåíîìíîìó ð³âí³. Ãåíîòèïè B. rapa, ùî íà-
ëåæàòü äî ð³çíèõ ï³äâèä³â/ñîðò³â, ìîæóòü ì³ñ-
òèòè òèñÿ÷³ ð³çíîìàí³òíèõ ³íäåë³â, ëîêàë³çîâà-
íèõ ïî âñüîìó ãåíîìó, áàãàòî ç ÿêèõ ìîæóòü 
ïðèçâîäèòè äî çñóâó ðàìêè ç÷èòóâàííÿ â êî-
äóþ÷èõ ÷àñòèíàõ ãåí³â (CDS) àáî äî ïîÿâè 
îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â â ðàìêàõ êî-
äóþ÷î¿ ÷àñòèíè ãåí³â ÷è äî á³ëüø ìàñøòàáíèõ 
ïåðåáóäîâ (Cheng et al, 2016). Â³äïîâ³äíî, òàêà 
âàð³àö³ÿ çäàòíà ñóòòºâî âïëèâàòè íà íàá³ð ïåâ-
íèõ ðîäèí ãåí³â, â òîìó ÷èñë³ é íà ð³çíîìàí³ò-
òÿ ãåí³â òóáóë³íó. Òàêîæ, âåëèêà ðîëü â äèâåð-
ãåíö³¿ ï³äâèä³â B. rapa òà çíà÷íèì ôåíîòèïî-
âèì âàð³àö³ÿì â³äâîäèòüñÿ ãåíîìíèì ïåðåáó-
äîâàì, ïîâ’ÿçàíèì ç ìîá³ëüíèìè ãåíåòè÷íèì 
åëåìåíòàìè, êîòð³ ìîæóòü âèêëèêàòè á³ëüø 
ìàñøòàáí³ òðàíñëîêàö³¿, äóïë³êàö³¿ ÷è äåëåö³¿ 
çíà÷íèõ õðîìîñîìíèõ ðåã³îí³â (Park et al, 2019).

Òàêîæ, ðàí³øå áóëî îõàðàêòåðèçîâàíî ñ³-
ìåéñòâî ãåí³â �-òóáóë³íó ó B. rapa subsp. pe-
kinensis (Zhang et al, 2016). Àâòîðè ³äåíòèô³êó-
âàëè áëèçüêî 12 ãåí³â �-òóáóë³íó, 5 ç ÿêèõ êî-
äóâàëè ïîâíîö³íí³ ïîñë³äîâíîñò³ öüîãî á³ëêà. 
Áóëî ïîêàçàíî, ùî �-òóáóë³íè çàä³ÿí³ ó ðåãóëÿ-
ö³¿ ïåðåõîäó B. rapa subsp. pekinensis äî öâ³ò³í-
íÿ, çîêðåìà âèêàçóþòü ï³äâèùåí³ ð³âí³ åêñ-
ïðåñ³¿ ï³ä ÷àñ âèêèäàííÿ ñòð³ëêè. Îñê³ëüêè �-
òà �-òóáóë³íè º ôóíêö³îíàëüíî ïîâ’ÿçàíèìè, 
ñë³ä î÷³êóâàòè, ùî �-òóáóë³íè ìîæóòü áóòè òà-
êîæ çíà÷íîþ ì³ðîþ çàä³ÿí³ ó ðåãóëÿö³þ öüîãî 
ïðîöåñó. 

Òàêîæ, íàÿâí³ñòü äàíèõ ùîäî åêçîí-³íòðîí-
íî¿ îðãàí³çàö³¿ ãåí³â �-òóáóë³íó B. rapa subsp. pe-
kinensis äîçâîëÿº åôåêòèâíî çä³éñíþâàòè ãåíî-
òèïóâàííÿ øëÿõîì îö³íêè ïîë³ìîðô³çìó äîâ-
æèíè ³íòðîí³â ãåí³â �-òóáóë³íó. Åôåêòèâí³ñòü 
öüîãî ï³äõîäó òàêîæ áóëà ïîêàçàíà íàìè ðàí³-
øå, â òîìó ÷èñë³ é íà ïðèêëàä³ Õðåñòîöâ³òèõ, 
õî÷à é TBP/cTBP-ï³äõ³ä çàëèøàºòüñÿ á³ëüø 
³íôîðìàòèâíèì òà çðó÷íèì ìåòîäîì ãåíîòè-
ïóâàííÿ (Rabokon et al, 2018; Blume et al, 
2020c). Ñë³ä î÷³êóâàòè, ùî íàÿâí³ñòü äàíèõ 
ïðî ãåíîìè ï³äâèä³â B. rapa äàº ìîæëèâ³ñòü 
³äåíòèô³êóâàòè ãåíè �-òóáóë³íó â öèõ òàêñî-
í³â. ²íôîðìàö³ÿ ïðî ð³çíîìàí³òòÿ òà ãåíîìíó 
îðãàí³çàö³þ ãåí³â �-òóáóë³íó ìîæå ñòàòè ó
íàãîä³ ïðè ãåíîòèïóâàíí³ ñîðò³â ð³çíèõ ï³äâè-
ä³â B. rapa. Óñï³øí³ñòü òàêîãî ïîºäíàííÿ ãåíî-
ì³êè òà ìîëåêóëÿðíî¿ ãåíåòèêè áóëà ïîêàçàíà 
íàìè ó ïîïåðåäí³õ ðîáîòàõ íà ïðèêëàä³ ðîäó 
Prunus (Lykholat et al, 2022). ²íøèì ï³äõîäîì 
äî ÒÂÐ-ãåíîòèïóâàííÿ ìîæó áóòè ³äåíòèô³êà-
ö³ÿ ãåí³â îêðåìèõ ³çîòèï³â �-òóáóë³íó ç íàéá³ëüø 
âàð³àáåëüíèìè íåêîäóþ÷èìè ä³ëÿíêàìè, ùî áó-
ëî ðàí³øå ïðîäåìîíñòðîâàíî íà ïðèêëàä³ ïøå-
íèö³ (Guadalupi et al, 2022). Êîìá³íóâàííÿ
ï³äõîä³â TBP- òà SSR-ãåíîòèïóâàííÿ òàêîæ
ìîæå áóòè óñï³øíî çàñòîñîâàíå ÿê äëÿ ÄÍÊ-
áàðêîäèíãó âèä³â, òàê ³ äëÿ øâèäêî¿ îö³íêè ãå-
íåòè÷íîãî ïîë³ìîðô³çìó ïîïóëÿö³é ÷è ñåëåê-
ö³éíèõ ë³í³é (Sakharova et al, 2023). Çàãàëîì, 
ðîçðîáêà òà óäîñêîíàëåííÿ ï³äõîä³â øâèäêîãî 
òà íåäîðîãîâàðò³ñíîãî ãåíîòèïóâàííÿ çàëèøà-
ºòüñÿ çàòðåáóâàíèì íàïðÿìêîì äîñë³äæåíü ÷å-
ðåç âàæëèâ³ñòü çàñòîñóâàííÿ òàêèõ ìåòîä³â ïðè 
ñåëåêö³éí³é ðîáîò³ òà ïðè îö³íö³ ãåíåòè÷íîãî 
ïîë³ìîðô³çìó ïîïóëÿö³é äèêèõ âèä³â, ðîäè÷³â 
êóëüòóðíèõ ðîñëèí.
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Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü ç âèêîðèñòàííÿì 
ëþäåé ³ òâàðèí ÿê îá’ºêò³â. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî 
â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ âèêîíàíî â ðàìêàõ
ïðîºêòó Â³ää³ëåííÿ ö³ëüîâî¿ ð³äãîòîâêè ÊÍÓ
³ì. Ò. Øåâ÷åíêà ïðè ÍÀÍ Óêðà¿íè «²äåíòè-
ô³êàö³ÿ ðîäèíè ãåí³â òóáóë³í³â Brassica rapa òà 
õàðàêòåðèñòèêà ¿õ ãåíîìíî¿ îðãàí³çàö³¿ ó ð³ç-
íèõ ï³äâèä³â» (2022–2023 ðð., 0122U002425).
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The Crucifers family (Brassicaceae) includes a large 
number of economically important crops, particularly 
Brassica rapa, which is a widely-used model plant for 
molecular genetic studies of oilseeds. B. rapa is a highly 
polymorphic species that includes a large number of 
genetically distinct subspecies. Considering this fact, 
intraspecific hybridization of B. rapa subspecies is con-
sidered a promising breeding approach aimed on in-
creasing genetic diversity of the crop. Previously, we 
have shown that one of such hybrids, oil tyfon (B. rapa 
subsp. oleifera f. biennis × (subsp. rapifera × pekinensis)), 
could be a valuable oil feedstock due to its increased 
productivity. However, obtaining hybrids and their sub-
sequent breeding would require the involvement of 
diverse molecular marker systems. So far, the method 
of estimating the length polymorphism of the first 
(TBP) and second (cTBP) introns of �-tubulin has 
demonstrated its high accuracy and reliability in the 
identification (DNA-barcoding) of flowering plants 
taxonomic units at different levels. In the present study, 
we evaluated the productivity of such hybrid oilseed 

crop as tyfon, as well as carried out DNA-barcoding 
of various hybrid lines of tyfon and its parental B. rapa
subspecies using on �-tubulin intron length polymor-
phism assessment approach. Based on the data of the 
molecular genetic analysis, which included the assessment 
of length polymorphism of 1st and 2nd introns of �-tubulin 
genes, we were able to confirm the origin of oil tyfon 
hybrid from Dutch leaf tyfon (B. rapa subsp. rapifera × 
pekinensis) and winter turnip rape (B. rapa subsp. oleifera) 
with a high confidence. Along with that, it was possible 
to differentiate var. glabra and var. laxa accession of napa 
cabbage (B. rapa subsp. pekinensis) for the first time using 
the combined TBP and cTBP analyses. A variation in 
the number of amplified regions of �-tubulin introns was 
noted in different genotypes, however these differences 
did not appear to be a speci-fic feature a particular 
subspecies/hybrid. This suggests that B. rapa hybrids most 
likely do not differ in ploidy, compared to their parental 
genotypes. In addition, it was shown that the mentioned 
oil tyfon hybrid lines of Ukrainian breeding show a 
significant level of morphological variation, despite their 
common breeding pedigree.
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