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Ð³ä Aconitum L. íàë³÷óº ó ñâîºìó ñêëàä³ âåëèêó ê³ëü-
ê³ñòü òîêñè÷íèõ òà ôàðìàöåâòè÷íî-âàæëèâèõ ðîñ-
ëèí. Îäèí ³ç öåíòð³â ð³çíîìàí³òòÿ öüîãî ðîäó ðîç-
òàøîâàíèé íà òåðèòîð³¿ Ñõ³äíèõ Êàðïàò. Ó öüîìó 
ðåã³îí³ çóñòð³÷àºòüñÿ áàãàòî ïðåäñòàâíèê³â ðîäó ³ç 
íå÷³òêî âèçíà÷åíèì òàêñîíîì³÷íèì ñòàòóñîì, çî-
êðåìà, ïðåäñòàâíèêè êîìïëåêñó A. anthora s. l. Ñóïå-
ðå÷ëèâèì ïèòàííÿì òàêîæ çàëèøàºòüñÿ òàêñîíî-
ì³÷íå ïîëîæåííÿ öüîãî êîìïëåêñó â ìåæàõ ðîäó, 
îñê³ëüêè âèêîðèñòàí³ äëÿ ô³ëîãåíåòè÷íîãî àíàë³çó ä³-
ëÿíêè õëîðîïëàñòíîãî òà ÿäåðíîãî ãåíîì³â âèÿâèëèñü 
íåäîñòàòíüî ì³íëèâèìè. Òîìó àêòóàëüíèì çàëèøà-
ºòüñÿ ïîøóê îïòèìàëüíîãî ìîëåêóëÿðíîãî ìàðêåðó ç
âèñîêèì ð³âíåì ïîë³ìîðô³çìó â ìåæàõ ðîäó Aconitum.
IGS (intergenic spacer) 5S ðÄÍÊ ÿâëÿº ñîáîþ åâîëþ-
ö³éíî ì³íëèâó ä³ëÿíêó ÿäåðíîãî ãåíîìó, ÿêó ðàí³øå ç 
óñï³õîì âèêîðèñòîâóâàëè äëÿ ðåêîíñòðóêö³¿ ô³ëîãå-
íåçó ó áàãàòüîõ ãðóïàõ Ïîêðèòîíàñ³ííèõ. Â ö³é ðî-
áîò³, âèêîðèñòîâóþ÷è ìîëåêóëÿðíî-ãåíåòè÷í³ òà 
á³î³íôîðìàòè÷í³ ìåòîäè ìè îòðèìàëè ïîñë³äîâíîñò³ 
IGS 5S ðÄÍÊ äëÿ ïðåäñòàâíèê³â êîìïëåêñó A. an-
thora òà ô³ëîãåíåòè÷íî â³ääàëåíèõ âèä³â ðîäó Aconi-
tum. Àíàë³ç ïîñë³äîâíîñòåé IGS âèÿâèâ, ùî ó âèä³â
ðîäó öÿ ä³ëÿíêà ìàº ïîð³âíÿíî âåëèêó äîâæèíó â³ä 574 
äî 619 íï. Ì³íëèâ³ñòü IGS îáóìîâëåíà ÷èñëåííèìè
íóêëåîòèäíèìè çàì³íàìè, òîä³ ÿê êîðîòê³ îë³ãîíóê-
ëåîòèäí³ ³íäåëè çóñòð³÷àþòüñÿ ëèøå íà 5 �-ê³íö³ ñïåé-
ñåðà. Ó IGS Aconitum çíàéäåíî ÷îòèðè êîíñåðâàòèâí³ 
ä³ëÿíêè, äâ³ ç ÿêèõ â³äïîâ³äàþòü çîâí³øí³ì åëåìåí-
òàì ïðîìîòîðà òà òåðì³íàòîðà ÐÍÊ-ïîë³ìåðàçè 
²²², òîä³ ÿê ôóíêö³ÿ äâîõ ³íøèõ ä³ëÿíîê çàëèøàºòüñÿ 
íåâ³äîìîþ. Ïåðøà ç íèõ äåìîíñòðóº ãîìîëîã³þ äî êî-
äóâàëüíî¿ ä³ëÿíêè 5S ðÐÍÊ, òîä³ ÿê äðóãà ìàº âèñîêó 
ïîä³áí³ñòü ³ç ïîñë³äîâíîñòÿìè ç ãåíîì³â ïðåäñòàâíèê³â 
òàêñîíîì³÷íî â³ääàëåíèõ ðîäèí îäíî- òà äâîäîëüíèõ
ðîñëèí, ùî ìîæå áóòè íàñë³äêîì ãîðèçîíòàëüíîãî ïå-
ðåíîñó ãåí³â. Ô³ëîãåíåòè÷íèé àíàë³ç ç âèêîðèñòàííÿì IGS 
5S ðÄÍÊ ï³äòðèìóº òðàêòóâàííÿ A. anthora s. l. â 
ÿêîñò³ îêðåìîãî ï³äðîäó â ìåæàõ ðîäó Aconitum. 

Êëþ÷îâ³ ñëîâà: ãîðèçîíòàëüíèé ïåðåíîñ ãåí³â, ì³æãåí-
íèé ñïåéñåð 5S ðÄÍÊ, ìîëåêóëÿðíà åâîëþö³ÿ òà òàêñî-
íîì³ÿ, Aconitum, Ranunculaceae.

Âñòóï. Ð³ä Òîÿ, àáî àêîí³ò (Aconitum L.) çà 
ð³çíèìè îö³íêàìè íàë³÷óº â³ä 250 äî 400 âè-
ä³â òðàâ’ÿíèñòèõ ðîñëèí. Ïðåäñòàâíèêè ðîäó 
ïîøèðåí³ ó ðåã³îíàõ Ï³âí³÷íî¿ ï³âêóë³ ç ïî-
ì³ðíèì êë³ìàòîì. Öåíòðîì âèäîóòâîðåííÿ äëÿ
ðîäó ââàæàºòüñÿ Ñõ³äíà Àç³ÿ: Ã³ìàëà¿, Ï³âäåííî-
Çàõ³äíèé Êèòàé ³ ßïîí³ÿ, äå íàë³÷óºòüñÿ 166 
âèä³â (Liangqian and Kadota, 2001; Luo et al, 2005; 
Jabbour and Renner, 2012; Kim et al, 2019; Boron 
et al, 2020). Â Ñõ³äíèõ Êàðïàòàõ çíàõîäèòüñÿ 
îäèí ³ç îñíîâíèõ öåíòð³â ðîäîâîãî ð³çíîìà-
í³òòÿ â ªâðîï³ (Novikoff et al, 2011; Boron et al, 
2020). Òóò çóñòð³÷àºòüñÿ 13 âèä³â, ç ÿêèõ ø³ñòü 
º åíäåì³÷íèìè äëÿ ö³º¿ ÷àñòèíè Êàðïàò, îäèí
º åíäåì³êîì äëÿ Êàðïàòñüêîãî ðåã³îíó â ö³-
ëîìó òà òðè âèäè ìàþòü ñóáåíäåì³÷íèé ñòàòóñ 
(Novikoff et al, 2011). 

Çàâäÿêè âèñîêîìó âì³ñòó íåéðîòîêñè÷íèõ 
àëêàëî¿ä³â, çíà÷íà ÷àñòèíà âèä³â º îòðóéíèìè 
ðîñëèíàìè, àëå çà ò³º¿ æ ïðè÷èíè àêîí³òè àê-
òèâíî âèêîðèñòîâóþòüñÿ ÿê ó òðàäèö³éí³é, òàê
³ â íàðîäí³é, çîêðåìà, ñõ³äí³é ìåäèöèí³ (Bruni
et al, 2010; He et al, 2010). Ðîçóì³ííÿ åâîëþö³¿ 
ìåòàáîë³÷íèõ øëÿõ³â àëêîëî¿ä³â ïîòðåáóº äî-
êëàäíîãî âèâ÷åííÿ ô³ëîãåí³¿ òà ñèñòåìàòèêè 
ðîäó. Ïðîòå, ç îãëÿäó íà çíà÷íó ìîðôîëîã³÷íó 
ì³íëèâ³ñòü òà ïîøèðåííÿ ì³æâèäîâî¿ ã³áðèäè-
çàö³¿, Aconitum º äîñèòü ñêëàäíîþ ãðóïîþ ó 
òàêñîíîì³÷íîìó â³äíîøåíí³ (Mitka et al, 2007; 
Ziman et al, 2011; Garrido-Cardenas et al, 2018; 
Kumari et al, 2020). 

Ð³ä Aconitum â³äíîñèòüñÿ äî òðèáè Delphi-
nieae ðîäèíè Ranunculaceae. Â ìåæàõ ö³º¿ òðè-
áè, â³í ðàçîì ç ðîäîì Delphinium º îäíèì ç 
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äâîõ íàéá³ëüøèõ ðîä³â. Âèêîðèñòàííÿ ÿäåðíèõ 
òà ïëàñòèäíèõ ä³ëÿíîê ÄÍÊ äëÿ ô³ëîãåíåòè÷-
íîãî àíàë³çó ïîêàçàëî, ùî Aconitum, íà â³ä-
ì³íó â³ä Delphinium óòâîðþº ìîíîô³ëåòè÷íó 
ãðóïó (Jabbour and Renner, 2012). Áàçóþ÷èñü 
íà ïîð³âíÿíí³ ïîâíèõ õëîðîïëàñòíèõ ãåíîì³â, 
âäàëîñÿ âñòàíîâèòè, ùî Delphinieae ðàçîì ç 
òðèáàìè Caltheae, Asteropyreae òà Nigelleae óò-
âîðþþòü îäíó ç òðüîõ îñíîâíèõ êëàä â ìåæàõ 
ãðóïè êîðîâèõ æîâòåöåâèõ (Zhai et al, 2019).

Â ìåæàõ ðîäó Aconitum òðàäèö³éíî âèä³ëÿëè 
òðè ï³äðîäè: Aconitum, Lycoctonum ³ Gymnaco-
nitum. Ïðîòå, íîâ³ø³ äîñë³äæåííÿ ç âèêîðèñ-
òàííÿì ìîëåêóëÿðíèõ ìàðêåð³â ïîêàçàëè, ùî 
A. gymnandrum º ñåñòðèíñüêîþ ãðóïîþ äëÿ 
âñ³õ ³íøèõ ïðåäñòàâíèê³â ðîäó Aconitum òà 
ñóòòºâî äèâåðãîâàíèé â³ä íèõ. Òîìó çàðàç éî-
ãî âèä³ëÿþòü ó ìîíîòèïîâèé ð³ä Gymnaconitum 
(Wang et al, 2013). 

Äîñ³ íåìàº ÷³òêîãî óÿâëåííÿ ñòîñîâíî ñèñ-
òåìàòè÷íîãî ïîëîæåííÿ ³ âíóòð³øíüî¿ òàêñî-
íîì³÷íî¿ ñòðóêòóðè àãðåãàòíîãî êîìïëåêñó âè-
ä³â A. anthora s. l. Ïðåäñòàâíèêè öüîãî êîìï-
ëåêñó ïîøèðåí³ ó Ë³ñîñòåïîâ³é çîí³ ªâðàç³¿, ³ 
çîêðåìà óòâîðþþòü çíà÷íå ð³çíîìàí³òòÿ ôîðì 
ó çàõ³äíèõ ðåã³îíàõ Óêðà¿íè. Íà ñüîãîäí³, âè-
êîðèñòàííÿ ìîëåêóëÿðíèõ ìåòîä³â íå äîçâî-
ëèëî îäíîçíà÷íî âèçíà÷èòè, ÷è A. anthora íà-
ëåæèòü äî ï³äðîäó Aconitum, ÷è ïðåäñòàâëÿº 
îêðåìèé ï³äð³ä Anthora (Utelli et al, 2000; Jab-
bour and Renner, 2012; Tynkevich et al, 2022a). 

Â ìåæàõ êîìïëåêñó Anthora âèä³ëÿþòü íèçêó 
ï³äâèä³â ³ ðàñ, ÿê³ ³íîä³ ðîçãëÿäàþòüñÿ ÿê îê-
ðåì³ âèäè. Çîêðåìà, òàêèé ñòàòóñ ìàþòü, A. 
jacquinii Rchb., ÿêèé çóñòð³÷àºòüñÿ ó âèñîêî-
ã³ð’ÿõ Óêðà¿íñüêèõ Êàðïàò òà A. pseudanthora 
B�ocki ex Pacz Wissjul., ðîçïîâñþäæåíèé íà 
Çàõ³äíîìó Ïîä³ëë³. Îáèäâ³ ðîñëèíè çàíåñåí³ äî 
×åðâîíî¿ êíèãè Óêðà¿íè â ðàíç³ âèä³â (Didukh, 
2009). Àíàë³ç ä³ëÿíêè õëîðîïëàñòíîãî ãåíîìó 
psbA-trnH ïîêàçàâ, ùî âîíà º ³äåíòè÷íîþ ó 
îáîõ çãàäàíèõ âèùå òàêñîí³â, ïðîòå äåùî â³ä-
ð³çíÿºòüñÿ â³ä çðàçê³â A. anthora òà A. anthoroi-
deum ç òåðèòîð³é Çàõ³äíî¿ ªâðîïè òà Êèòàþ 
(Tynkevich et al, 2022a). Ç îãëÿäó íà ö³ äàí³, 
àêòóàëüíèì âèäàºòüñÿ ïîøóê á³ëüø ì³íëèâèõ 
ä³ëÿíîê ãåíîìó äëÿ ÄÍÊ-áàðêîä³íãó òà ç’ÿñó-
âàííÿ ðàíãó òàêñîí³â â ìåæàõ êîìïëåêñó Ant-
hora òà ïðîÿñíåííÿ ô³ëîãåíåòè÷íèõ çâ’ÿçê³â ó 
ðîä³ Aconitum, â ö³ëîìó.

Îäí³ºþ ³ç íàéá³ëüø ì³íëèâèõ ä³ëÿíîê ÿäåð-
íîãî ãåíîìó º ïîñë³äîâí³ñòü ì³æãåííîãî ñïåé-
ñåðà (intergenic spacer – IGS) 5S ðÄÍÊ. Ðà-
í³øå ¿¿ âèêîðèñòàííÿ äîçâîëèëî óòî÷íèòè ô³ëî-
ãåíåòè÷í³ â³äíîñèíè ó áàãàòüîõ ãðóïàõ ðîñëèí 
(Blöch et al, 2009; Saini and Jawali, 2009; Tynke-
vich and Volkov, 2019; Ishchenko et al, 2021; 
Fehrer et al, 2021; Vozárová et al, 2021; Car-
doni et al, 2022; Tynkevich et al, 2022b). Îäíàê 
äëÿ ðîäèíè Ranunculaceae àíàë³ç ö³º¿ ä³ëÿíêè 
çàñòîñîâóâàâñÿ ðàí³øå ëèøå äëÿ òðèáè Anemo-
neae (Mlinarec et al, 2012; Mlinarec et al, 2016). 
5S ðÄÍÊ â ãåíîì³ îðãàí³çîâàíà ó âèãëÿä³ òàí-
äåìíèõ ïîâòîðþâàíèõ îäèíèöü (ïîâòîð³â), ÿê³
ñêëàäàþòüñÿ ç åâîëþö³éíî êîíñåðâàòèâíî¿ êî-
äóâàëüíî¿ ä³ëÿíêè (coding sequence – CDS) òà
ì³íëèâîãî IGS. Ó ðîñëèí íà ãàïëî¿äíèé õðî-
ìîñîìíèé íàá³ð ìîæå ïðèïàäàòè îäèí àáî 
äåê³ëüêà ëîêóñ³â 5S ðÄÍÊ, êîæåí ç ÿêèõ ì³ñ-
òèòü â³ä ê³ëüêîõ ñîòåíü äî òèñÿ÷ ïîâòîð³â 
(Navrotska et al, 2018; Pastova et al, 2019; Vozárová 
et al, 2021; Stepanenko et al, 2022).

Íà ïðîòèâàãó 35S ðÄÍÊ (Wendel et al, 1995; 
Volkov et al, 1999a,b; Matyásek et al, 2007; Ste-
panenko et al, 2022), ³íäèâ³äóàëüí³ âàð³àíòè
5S ðÄÍÊ ìîæóòü òðèâàëèé ÷àñ ³ñíóâàòè â 
ãåíîì³ ðîñëèí, íå çàçíàþ÷è ãîìîãåí³çàö³¿ ì³æ 
ñîáîþ (Saini and Jawali, 2009; Mlinarec et al, 
2016; Volkov et al, 2017; Ishchenko et al, 2018). 
Îñîáëèâî ÿñêðàâî öÿ âëàñòèâ³ñòü 5S ðÄÍÊ 
ïðîÿâëÿºòüñÿ äëÿ âàð³àíò³â, ëîêàë³çîâàíèõ íà 
ð³çíèõ õðîìîñîìàõ (Cronn et al, 1996; Vozárová 
et al, 2021) òà áàòüê³âñüêèõ âàð³àíò³â 5S ðÄÍÊ 
â ãåíîì³ ã³áðèä³â (Fulnecek et al, 2002; Garcia 
et al, 2020). 

Â ö³é ðîáîò³ ìè âïåðøå àíàë³çóºìî ìîëå-
êóëÿðíó îðãàí³çàö³þ, åâîëþö³þ òà ïîë³ìîðô³çì 
IGS 5S ðÄÍÊ ó ïðåäñòàâíèê³â ðîäó Aconitum 
òà îáãîâîðþºìî ìîæëèâ³ñòü âèêîðèñòàííÿ ö³º¿ 
ä³ëÿíêè ãåíîìó äëÿ ô³ëîãåíåòè÷íèõ äîñë³äæåíü 
ö³º¿ ãðóïè. 

Ìàòåð³àëè ³ ìåòîäè. Ðîñëèííèé ìàòåð³àë òà
âèä³ëåííÿ ÄÍÊ. Ðîñëèííèé ìàòåð³àë áóâ ç³áðà-
íèé íà òåðèòîð³¿ Çàõ³äíî¿ Óêðà¿íè âïðîäîâæ 
ïîëüîâèõ ñåçîí³â 2004–2009 ðð. Çðàçîê A. anth-
ora (AcAnt2) áóâ ç³áðàíèé ó Çàêàðïàòñüê³é îá-
ëàñò³ (ñ. Êíÿãèíÿ, ñõèë ã. Ñòèêà), A. moldavicum 
nsubsp. simonkaianum (AcSim1) – ó ²âàíî-Ôðàí-
ê³âñüê³é îáëàñò³ (ã. Âåëèêà Áóäè÷åâñüêà), à çðàç-
êè A. jacquinii (AcJac1 òà AcJac3) – ó ²âàíî-
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Îðãàí³çàö³ÿ ì³æãåííîãî ñïåéñåðà 5S ðÄÍÊ òà éîãî âèêîðèñòàííÿ â ìîëåêóëÿðí³é ñèñòåìàòèö³ 

Ôðàíê³âñüê³é (ã. Òîâñòà) òà Çàêàðïàòñüê³é (ã. 
Ïåòðîñ) îáëàñòÿõ (òàáë. 1).  

Ãåíîìíó ÄÍÊ âèä³ëÿëè ç ãåðáàðíèõ çðàçê³â 
öåòîâëîíîâèì ìåòîäîì (Porebski et al, 1997). Íà 
ñòàä³¿ ë³çèñó çðàçêè ÄÍÊ äîäàòêîâî îáðîáëÿëè 
ïðîòå¿íàçîþ (Sigma-Aldrich, ÑØÀ).

Àìïë³ô³êàö³ÿ, êëîíóâàííÿ òà ñåêâåíóâàííÿ. 
Ïîâòîðþâàí³ îäèíèö³ 5S ðÄÍÊ àìïë³ô³êóâàëè 

çà äîïîìîãîþ ÏËÐ ç âèêîðèñòàííÿì ïðàéìåð³â 
Pr5S-L ³ Pr5S-R, ÿê³ êîìïëåìåíòàðí³ äî CDS 5S 
ðÄÍÊ. Ö³ ïðàéìåðè äîçâîëÿþòü àìïë³ô³êóâàòè 
ïîâíèé IGS ðàçîì ³ç ôëàíêóþ÷èìè ä³ëÿíêàìè 
CDS (Tynkevich and Volkov, 2014; Volkov et al, 
2017). ÏËÐ-àìïë³ô³êàö³þ ïðîâîäèëè ÿê áóëî 
îïèñàíî ðàí³øå (Tynkevich and Volkov, 2019). 
Ïðîäóêòè ÏËÐ êëîíóâàëè â ïëàçì³äíèé âåêòîð 

Òàáëèöÿ 1. Õàðàêòåðèñòèêà IGS 5S ðÄÍÊ äîñë³äæóâàíèõ âèä³â 

Ðîñëèííèé
ìàòåð³àë

Êëîí/Ôðàãìåíò ÄÍÊ IGS

Ïîñèëàííÿ
Íàçâà

GenBank 
Acc. No

Äî-
âæè-
íà,
íï

Âì³ñò 
GC-
ïàð,
%

Aconitum anthora L./AcAnt2

Aconitum jacquinii Rchb./AcJac1 

Aconitum jacquinii Rchb./AcJac3

Aconitum moldavicum nsubsp.
simonkaianum (Gáyer) Starmühl./AcSim1
Aconitum bulleyanum Diels/AcBul

Aconitum kusnezoffii Rchb./AcKus
Anemone baldensis L.
Anemone cylindrica A. Gray
Anemone multifida Poir.
Anemone nemorosa L.
Anemone parviflora Michx.
Anemone ranunculoides L.
Anemone sylvestris L.
Anemone trifolia L.
Pulsatilla dahurica (Fisch. ex DC.) Spreng.
Pulsatilla rubra (Lam.) Delarbre
Pulsatilla vulgaris Mill.
Fraxinus pennsylvanica Marshall
Allium ursinum L.

AcAnt2-1
AcAnt2-6
AcAnt2-8
AcJac1-1
AcJac1-34
AcJac3-1
AcJac3-13
AcSim1-1

AcBul-C1R1
AcBul-C2R1
AcBul-C4R1
AcBul-C4R2
AcBul-C5R1
AcBul-C5R2
AcBul-C15R1
AcBul-C44R1

–
Abal15
Acyl1
AmulM21NTS
Anem12NTS
Apar12NTS
Aran12NTS
Asyl3
Atrif10NTS
Pdav3NTS
Prub5
Pgra2NTS

–
–

OP186115
OP186116
OP186117
OP186118
OP186119
OP186120
OP186121
OP186122

SRX13230939
SRX13230939
SRX13230939
SRX13230939
SRX13230939
SRX13230939
SRX13230939
SRX13230939
AY334493.1
JQ724083.1
JQ724091.1
KX019890.1
KX019899.1
KX019918.1
KX019926.1
JF422858.1
KX019935.1
KX019974.1
JF422875.1
KX019976.1
OU503049.1
MK770767.1

618
618
618
600
618
619
617
610

576
577
579
576
576
574
576
577
580
412
413
411
415
416
272
414
417
414
417
414
–
–

45,2
43,7
45,2
43,7
45,5
43,6
43,8
49,7

46,5
46,6
46,8
46,5
46,5
45,8
46,5
47,0
46,9
44,9
46,7
49,4
50,1
49,3
50,0
50,5
48,9
53,4
57,0
56,8
–
–

Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ

Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Öÿ ñòàòòÿ
Carles et al, 2005
Mlinarec et al, 2012
Mlinarec et al, 2012
Mlinarec et al, 2016
Mlinarec et al, 2016
Mlinarec et al, 2016
Mlinarec et al, 2016
Mlinarec et al, 2012
Mlinarec et al, 2016
Mlinarec et al, 2016
Mlinarec et al, 2012
Mlinarec et al, 2016
Huff et al, 2022

Peška et al, 2019
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pJET 1.2/blunt çà äîïîìîãîþ íàáîðó CloneJET 
PCR Cloning Kit («ThermoFisher Scientific», ÑØÀ). 
Ñêðèí³íã ðåêîìá³íàíòíèõ êëîí³â òà â³äá³ð âñòà-
âîê çà ðîçì³ðîì ïðîâîäèëè ìåòîäîì ÏËÐ íà 
êîëîí³ÿõ, âèêîðèñòîâóþ÷è ïðÿìèé òà çâîðîò-
í³é ïðàéìåðè pJET 1.2.

Ïåðåâ³ðêà ÿêîñò³, àíîòóâàííÿ íóêëåîòèäíèõ 
ïîñë³äîâíîñòåé òà ðîçðàõóíîê ð³âíÿ ïîä³áíîñò³ 
ïîñë³äîâíîñòåé ïðîâîäèëèñü ç âèêîðèñòàííÿì 
ïðîãðàìíîãî çàáåçïå÷åííÿ Chromas òà ïàêåòó 
ïðîãðàì DNASTAR. Îòðèìàí³ ïîñë³äîâíîñò³ 
äåïîíóâàëè â áàç³ äàíèõ GenBank ï³ä íîìå-
ðàìè, çàçíà÷åíèìè â òàáë. 1.

Àñåìáë³íã ïîâòîð³â 5S ðÄÍÊ ç êîðîòêèõ ð³-
ä³â Illumina. Àñåìáë³íã ïîâòîð³â 5S ðÄÍÊ áóâ 
âèêîíàíèé de novo ç âèêîðèñòàííÿì ïîïåðåä-
íüî â³äô³ëüòðîâàíèõ á³áë³îòåê ïàðíèõ ð³ä³â 
Illumina ç íåîáðîáëåíèõ ãåíîìíèõ äàíèõ, äî-
ñòóïíèõ â áàç³ äàíèõ Sequence Read Archive 
(SRA). Ð³äè ô³ëüòðóâàëè øëÿõîì ç³ñòàâëåííÿ ç
ôðàãìåíòàìè CDS 5S ðÄÍÊ äîâæèíîþ 20 íï,
âèêîðèñòîâóþ÷è âáóäîâàíèé ³íñòðóìåíò íà ñòî-
ð³íö³ çàâàíòàæåííÿ ïîñë³äîâíîñò³: https://trace.
ncbi.nlm.nih.gov/Traces/sra/sra.cgi?view=search_
seq_name. De novo àñåìáë³íã ïðîâîäèëè çà äî-
ïîìîãîþ ïðîãðàìè SeqMan NGen 14 (DNASTAR 
Lasergene suite). Äëÿ á³áë³îòåêè â³äô³ëüòðîâà-
íèõ ð³ä³â ïðîâîäèëè àâòîìàòè÷íèé òð³ì³íã çà
ÿê³ñòþ, çàñòîñîâóþ÷è íàñòóïí³ ïàðàìåòðè àñåì-
áë³íãó: mer size – 31, ì³í³ìàëüíèé â³äñîòîê 
çá³ãó (minimum match percentage) – 100 % òà 
coverage threshold – 100 ð³ä³â. Â îòðèìàíèõ
êîíò³ãàõ ç íàéá³ëüøèì ïîêðèòòÿì áóëî ³äåíòè-
ô³êîâàíî òà àíîòîâàíî â³ä îäíîãî äî äâîõ ïîâ-
òîð³â 5S ðÄÍÊ, ÿê³ ì³ñòÿòü îäèí ïîâíèé IGS, 
ôëàíêîâàíèé äâîìà ôðàãìåíòàìè CDS.

Ô³ëîãåíåòè÷íèé àíàë³ç. Âèð³âíþâàííÿ ïîñë³-
äîâíîñòåé IGS 5S ðÄÍÊ ïðîâîäèëè íà ñåðâå-
ð³ MAFFT ç âèêîðèñòàííÿì ìåòîäó G-INS-I, 
ÿêèé íàéá³ëüøå ï³äõîäèòü äëÿ ïîñë³äîâíîñòåé 
³ç ãîìîëîã³ºþ ïî âñ³é äîâæèí³ (Katoh et al, 
2019). Îòðèìàíå âèð³âíþâàííÿ ïåðåâ³ðÿëîñÿ 
òà êîðèãóâàëîñÿ âðó÷íó çà äîïîìîãîþ ïðîãðà-
ìè UGENE. Ìîäåëü íàéêðàùî¿ â³äïîâ³äíîñò³ 
íóêëåîòèäíèõ çàì³í îö³íþâàëè çà íàéìåíøèì 
çíà÷åííÿì Áàºñîâîãî ³íôîðìàö³éíîãî êðèòå-
ð³þ (BIC) çà äîïîìîãîþ ³íñòðóìåíòà Find Best-
Fit Substitution Model ïðîãðàìè Mega X (Kumar 
et al, 2018). Ô³ëîãåíåòè÷íå äåðåâî áóëî îá-
ðàõîâàíî ìåòîäîì Maximum Likelihood çà äî-

ïîìîãîþ PhyML ïëàã³íó äëÿ Geneious Prime 
2021.0.3.2. Ï³äòðèìêà ã³ëîê ðîçðàõîâóâàëàñÿ çà
äîïîìîãîþ aLRT-Chi2 òåñòó (Anisimova and 
Gascuel, 2006). Îòðèìàíå äåðåâî áóëî åêñïîð-
òîâàíå ó ôîðìàò Newick òà â³çóàë³çîâàíå çà 
äîïîìîãîþ îíëàéí-³íñòðóìåíòó «²íòåðàêòèâíå 
äåðåâî æèòòÿ» (iTOL v6). 

Ðåçóëüòàòè òà îáãîâîðåííÿ. Åëåêòðîôîðå-
òè÷íèé àíàë³ç ïîêàçàâ, ùî â ðåçóëüòàò³ ÏËÐ-
àìïë³ô³êàö³¿ äëÿ êîæíîãî ç âèêîðèñòàíèõ çðàç-
ê³â ÄÍÊ óòâîðþºòüñÿ ëèøå îäèí ïðîäóêò ³ç 
äîâæèíîþ áëèçüêî 750 íï. Öå ñâ³ä÷èòü ïðî 
îäíîð³äí³ñòü çà äîâæèíîþ ïîâòîð³â 5S ðÄÍÊ 
â ìåæàõ ãåíîìó. Ï³ñëÿ êëîíóâàííÿ ÏËÐ-ïðî-
äóêò³â òà ñêðèí³íãó êëîí³â, äëÿ êîæíîãî çðàç-
êó áóëî ñèêâåíîâàíî â³ä îäí³º¿ äî òðüîõ ðåêîì-
á³íàíòíèõ ïëàçì³ä. Ïîñë³äîâí³ñòü IGS áóëî ðîç-
øèôðîâàíî äëÿ äâîõ âèä³â, ÿê³ íàëåæàòü äî 
êîìïëåêñó A. anthora (A. anthora òà A. jacquinii) 
òà äëÿ A. moldavicum subsp. simonkaianum – ïðåä-
ñòàâíèêà ï³äðîäó Lycoctonum (òàáë. 1). Àíàë³ç
îòðèìàíèõ ñèêâåíñ³â ïîêàçàâ, ùî âñ³ êëîíè 
ì³ñòÿòü ïîñë³äîâíîñò³ IGS 5S ðÄÍÊ, ôëàíêî-
âàí³ ç îáîõ áîê³â ôðàãìåíòàìè CDS, âêëþ-
÷àþ÷è ïîñë³äîâíîñò³ âèêîðèñòàíèõ äëÿ ÏËÐ 
ïðàéìåð³â. 

Êð³ì ïîñë³äîâíîñòåé IGS, îòðèìàíèõ åêñïå-
ðèìåíòàëüíî, ìè òàêîæ âèêîðèñòàëè in silico 
àñåìáë³íã äëÿ êîðîòêèõ ð³ä³â ç ïîâíîãåíîìíî¿ 
á³áë³îòåêè A. bulleyanum, ñèêâåíîâàíî¿ ìåòîäîì 
Illumina. Â ðåçóëüòàò³ áóëî îòðèìàíî 8 âàð³àí-
ò³â ïîâòîð³â 5S ðÄÍÊ (ðèáîòèï³â), ÿê³ º íàé-
á³ëüø ðîçïîâñþäæåíèìè â ãåíîì³ öüîãî âèäó. 
Òàêîæ äëÿ ïîð³âíÿííÿ áóëî âèêîðèñòàíî ºäèíó 
íàÿâíó â áàç³ äàíèõ Genbank ïîñë³äîâí³ñòü IGS 
5S ðÄÍÊ ïðåäñòàâíèê³â ðîäó Aconitum, à ñàìå 
– A. kusnezoffii (òàáë. 1). Îáèäâà çãàäàí³ âèäè 
íàëåæàòü äî ï³äðîäó Aconitum. 

Â ðåçóëüòàò³ ïåðâèííîãî àíàë³çó ïîñë³äîâ-
íîñòåé IGS áóëî âñòàíîâëåíî, ùî ¿õíÿ äîâæè-
íà ó ïðåäñòàâíèê³â ðîäó Aconitum çíàõîäèòüñÿ 
â ìåæàõ â³ä 574 äî 619 íï. Òàê³ çíà÷åííÿ ñóò-
òºâî ïåðåâèùóþòü òèïîâ³ äîâæèíè IGS äëÿ 
á³ëüøîñò³ ãðóï Ïîêðèòîíàñ³ííèõ (Saini and 
Jawali, 2009; Tynkevich and Volkov, 2019; 
Ishchenko et al, 2021; Fehrer et al, 2021; Vozárová 
et al, 2021; Cardoni et al, 2022; Tynkevich et al, 
2022b), õî÷à ó äåÿêèõ âèä³â áóëè ³äåíòèô³êî-
âàí³ IGS ïîä³áíî¿ äîâæèíè (Chen et al, 2021). 
Âì³ñò GC-ïàð â IGS 5S ðÄÍÊ ó ïðåäñòàâíèê³â 
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Ðèñ. 1. Ñòðóêòóðíà îðãàí³çàö³ÿ IGS 5S ðÄÍÊ âèä³â ðîäó Aconitum. (à) ñõåìàòè÷íå çîáðàæåííÿ âèð³âíþâàííÿ 
ïîñë³äîâíîñòåé IGS. Ãðàäàö³ºþ â³äò³íê³â ñ³ðîãî ïîêàçàíî ð³âåíü ïîä³áíîñò³ (%). Ï³äêðåñëåíî êîíñåðâàòèâí³ 
ä³ëÿíêè IGS (conservative regions, CR1-4), ÿê³ äåòàëüíî ðîçãëÿíóòî íà ðèñ. 1, á òà 2. (á) ïîð³âíÿííÿ ïîñë³äîâ-
íîñòåé ä³ëÿíîê CR1, CR3 òà CR4; ïðÿìîêóòíèêàìè âèä³ëåíî îë³ãî-Ò ïîñë³äîâí³ñòü òåðì³íàòîðà òðàíñêðèïö³¿ 
òà ïîòåíö³éí³ åëåìåíòè çîâí³øíüîãî ïðîìîòîðà ÐÍÊ-ïîë³ìåðàçè ²²².
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ðîäó Aconitum âàð³þº â íåçíà÷íèõ ìåæàõ, â³ä 
43,6 äî 49,7 %, òà çíàõîäèòüñÿ â ä³àïàçîí³, 
òèïîâîìó äëÿ ö³º¿ ä³ëÿíêè ãåíîìó ó ðîñëèí 
(Tynkevich and Volkov, 2014; Ishchenko et al, 
2018; Tynkevich and Volkov, 2019; Tynkevich et 
al, 2022b). 

Äëÿ âñ³õ íàÿâíèõ 17-è ïîñë³äîâíîñòåé IGS 
àêîí³ò³â áóëî îòðèìàíå ìíîæèííå âèð³âíþ-
âàííÿ, äîâæèíà ÿêîãî ñêëàëà 633 íï (ðèñ. 1, 
à). Ê³ëüê³ñòü ³äåíòè÷íèõ íóêëåîòèäíèõ ñàéò³â 
äëÿ âñ³õ ïîñë³äîâíîñòåé ñòàíîâèòü 266 (42 %), 
à ñåðåäíÿ ïîïàðíà ïîä³áí³ñòü ïîñë³äîâíîñòåé – 
78,9 %. Ïî âñ³é äîâæèí³ âèð³âíþâàííÿ ïðèñóòí³ 
òî÷êîâ³ íóêëåîòèäí³ çàì³íè òà êîðîòê³ ³íñåðö³¿/
äåëåö³¿ (³íäåëè). Ëèøå íà 5�-ê³íö³ IGS âèÿâëåíî 
òðè ³íäåëè á³ëüøî¿ äîâæèíè (6–22 íï). Â ìåæàõ 
IGS çíàéäåíî ÷îòèðè êîíñåðâàòèâí³ ä³ëÿíêè 
(Conservative Regions, CR1-4; ðèñ. 1)

Íà ïî÷àòêó IGS ó äîñë³äæåíèõ ïðåäñòàâíèê³â 
ðîäó Aconitum ïðèñóòí³é ³äåíòè÷íèé ìîòèâ 
ÑÒÒÒÒÒ, ÿêèé âõîäèòü äî ñêëàäó CR1. Â³äîìî, 
ùî â åóêàð³îòè÷íèõ îðãàí³çì³â ïîä³áí³ òèì³í-
áàãàò³ ìîòèâè âèêîíóþòü ôóíêö³þ òåðì³íàö³¿ 
òðàíñêðèïö³¿ ãåí³â 5S ðÄÍÊ (Douet and Tour-
mente, 2007; Richard and Manley 2009). Çîêðåìà, 
îë³ãî-Ò ìîòèâè ð³çíî¿ äîâæèíè çíàéäåíî íà 5’ 
ê³íö³ IGS ó âñ³õ ïðîàíàë³çîâàíèõ ðàí³øå ãðóï 
Ïîêðèòîíàñ³ííèõ (Tynkevich and Volkov, 2014; 
Tynkevich and Volkov, 2019; De Souza et al, 2020; 
Ishchenko et al, 2018; Tynkevich et al, 2022b). 

Â³äîìî, ùî ó ðîñëèí â ³í³ö³àö³¿ òðàíñêðèïö³¿ 
ÐÍÊ-ïîë³ìåðàçîþ ²²² áåðóòü ó÷àñòü çîâí³øí³ 
åëåìåíòè ïðîìîòîðà, ðîçòàøîâàí³ íà 3�-ê³íö³ 
IGS. Ó Arabidopsis thaliana (ðîäèíà Brassica-
ceae) âîíè ïðåäñòàâëåí³ øåñòèíóêëåîòèäíèì 
ÒÀÒÀÒÀ-áîêñîì, GC-äèíóêëåîòèäîì òà öè-
òîçèíîì ó ïîçèö³ÿõ -28, -13, -1, â³äïîâ³äíî
(Douet and Tourmente, 2007; Simon et al, 2018). 
²äåíòè÷í³ ìîòèâè çíàéäåíî é ó ïðåäñòàâíèê³â 
äåÿêèõ ³íøèõ ðîäèí, íàïð., Rosaceae (Tynkev-
ich and Volkov, 2014), ïðîòå ó áàãàòüîõ ãðóïàõ 
Ïîêðèòîíàñ³ííèõ âîíè ìîæóòü ñóòòºâî â³äð³ç-
íÿòèñü (Ishchenko et al, 2018; Tynkevich and 
Volkov, 2019; De Souza et al, 2020; Tynkevich et 
al, 2022b). Ó ïðåäñòàâíèê³â ðîäó Aconitum â ìå-
æàõ CR4 â ïîçèö³¿ -1 ïåðåâàæíî ïðèñóòí³é 
öèòîçèí, àëå ó ê³ëüêîõ ðèáîòèïàõ ñïîñòåð³ãà-
þòüñÿ íóêëåîòèäí³ çàì³íè (ðèñ. 1, á). GC-ìî-
òèâ ó ïîçèö³¿ -13 ïðèñóòí³é ëèøå ó ïðåäñòàâ-
íèê³â êîìïëåêñó Anthora, òîä³ ÿê ó ³íøèõ âè-

ä³â ó íüîìó â³äáóëàñÿ òðàíçèö³ÿ C�T. Â ïî-
çèö³¿ -28, â ÿê³é ó ³íøèõ òàêñîí³â ÿê ïðàâèëî 
ðîçòàøîâóþòüñÿ ÒÀÒÀ-ïîä³áí³ ìîòèâè, ó âèä³â 
ðîäó Aconitum ïðèñóòíÿ ïîñë³äîâí³ñòü TTTG-
TA. Âîäíî÷àñ, ìîòèâ, ùî íàãàäóº ÒÀÒÀ-áîêñ 
çíàõîäèòüñÿ â ïîçèö³¿ -43. Îòæå, ñêëàäàºòüñÿ 
âðàæåííÿ, ùî â³äíîñíà êîíñåðâàòèâí³ñòü 3�-ä³-
ëÿíêè IGS, ÿêà âèäàºòüñÿ íåîáõ³äíîþ äëÿ çà-
áåçïå÷åííÿ âçàºìîä³¿ çîâí³øí³õ åëåìåíò³â ïðî-
ìîòîðà ç ôàêòîðàìè ³í³ö³àö³¿ òðàíñêðèïö³¿ ÐÍÊ-
ïîë³ìåðàçè ²²², ó Ïîêðèòîíàñ³ííèõ ñïîñòåð³-
ãàºòüñÿ ëèøå â ìåæàõ ðîäèí.

Îêð³ì ðîçãëÿíóòèõ âèùå CR1 òà CR4, ÿê³
³ìîâ³ðíî áåðóòü ó÷àñòü ó òðàíñêðèïö³¿ 5S ðÄÍÊ, 
â öåíòðàëüí³é ÷àñòèí³ IGS âèä³â ðîäó Aconitum 
íàìè âèÿâëåíî ùå äâ³ åâîëþö³éíî êîíñåðâà-
òèâí³ ä³ëÿíêè CR2 òà CR3 (ðèñ. 1).  

Ïîð³âíÿëüíèé àíàë³ç ñâ³ä÷èòü, ùî êîíñåí-
ñóñíà ïîñë³äîâí³ñòü ä³ëÿíêè CR3 äåìîíñòðóº 
ñóòòºâó ïîä³áí³ñòü (74,2 %) ³ç 3�-ôðàãìåíòîì 
CDS 5S ðÄÍÊ. Çîêðåìà, â ìåæàõ öüîãî ôðàã-
ìåíòó CDS ðîçì³ùåí³ âíóòð³øí³ åëåìåíòè ïðî-
ìîòîðà ãåí³â 5S ðÄÍÊ, IE-åëåìåíò òà C-áîêñ. 
Ðàí³øå ³íñåðö³¿ ôðàãìåíò³â CDS ñïîñòåð³ãà-
ëèñü â IGS 5S ðÄÍÊ ïðåäñòàâíèê³â ðîäèí Ro-
saceae (ðîäè Rosa òà Sanguisorba – Tynkevich 
and Volkov, 2014) òà Solanaceae (Solanum melon-
gena – Tynkevich et al, 2022b). Ó S. melongena â 
IGS âèÿâëåíà åâîëþö³éíî ìîëîäà, ñïåöèô³÷íà 
äëÿ öüîãî âèäó äóïë³êàö³ÿ, ÿêà ñêëàäàºòüñÿ ç 3� 
ôðàãìåíòó CDS äîâæèíîþ 32 íï òà ñóì³æíîãî 
ôðàãìåíòó IGS äîâæèíîþ 114 íï. Ïîêàçàíî, 
ùî íóêëåîòèäí³ çàì³íè â äóïë³êîâàíîìó ôðàã-
ìåíò³ ïðèñóòí³ ëèøå â ä³ëÿíö³, ãîìîëîã³÷í³é 
IGS. Ó ïðåäñòàâíèê³â ðîä³â Rosa òà Sanguisorba 
³íñåðö³ÿ ôðàãìåíòó CDS ìàº íåçíà÷íó äîâæè-
íó – 7 íï, ïðîòå ïðåäñòàâëåíà ó âèãëÿä³ ÷îòè-
ðüîõ ñóáïîâòîð³â â öåíòðàëüí³é ÷àñòèí³ IGS. 
Îòæå, ³íñåðö³¿ ôðàãìåíò³â CDS ó IGS âèäàº-
òüñÿ îäíèì ³ç òðåíä³â ìîëåêóëÿðíî¿ åâîëþö³¿ 
5S ðÄÍÊ. Ïðè÷îìó ó âñ³õ çãàäàíèõ âèïàäêàõ 
òàêèõ ³íñåðö³é ñïîñòåð³ãàëàñü ìåíøà øâèä-
ê³ñòü ¿õíüî¿ åâîëþö³¿, ïîð³âíÿíî ç ³íøèìè ÷àñ-
òèíàìè IGS.

Êîíñåðâàòèâíà ä³ëÿíêà CR2 â öåíòðàëüí³é 
÷àñòèí³ IGS àêîí³ò³â ìàº äîâæèíó 74 íï (ðèñ. 
1, à). Blast-ïîøóê (Ye et al, 2006) â áàç³ äàíèõ 
Genbank âèÿâèâ ãîìîëîã³þ ì³æ ö³ºþ ä³ëÿíêîþ 
òà IGS 5S ðÄÍÊ ïðåäñòàâíèê³â ðîä³â Anemone 
òà Pulsatilla (ðèñ. 2), ÿê³ íàëåæàòü äî òðèáè 
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Anemoneae ðîäèíè Ranunculaceae (Zhai et al, 
2019). Íàÿâí³ñòü ãîìîëîã³÷íèõ ïîñë³äîâíîñòåé 
ó öåíòðàëüí³é ÷àñòèí³ IGS ó â³ääàëåíî ñïîð³ä-
íåíèõ âèä³â, ÿê³ íàëåæàòü äî ð³çíèõ òðèá, º 
ð³äê³ñíèì ÿâèùåì, ÿêå êð³ì ðîäèíè Ranuncu-
laceae ñïîñòåð³ãàëîñü ëèøå äëÿ ïðåäñòàâíèê³â 
òðèá Roseae ³ Sanguisorbeae ðîäèíè Rosaceae 
(Tynkevich and Volkov, 2014). 

Ùå á³ëüø íåî÷³êóâàíèì ðåçóëüòàòîì Blast-
ïîøóêó º âèÿâëåííÿ ïîä³áíîñò³ ì³æ CR2 òà
ïîñë³äîâíîñòÿìè ãåíîì³â ô³ëîãåíåòè÷íî â³ääà-
ëåíèõ âèä³â Fraxinus pennsylvanica (ðîäèíà Olea-
ceae) òà Allium ursinum (ðîäèíà Amaryllidaceae). 
Ïðè÷îìó, äëÿ Allium ursinum ãîìîëîã³÷íà äî 
CR2 ïîñë³äîâí³ñòü âèÿâëåíà â IGS 5S ðÄÍÊ, 
òîä³ ÿê â ãåíîìíîìó àñåìáë³íãó Fraxinus pennsyl-
vanica âîíà çóñòð³÷àëàñü íà 16-è ð³çíèõ õðîìî-
ñîìàõ íåçàëåæíî â³ä 5S ðÄÍÊ. Ö³êàâî, ùî àí³ 
â 5S ðÄÍÊ, àí³ â ïîâíîãåíîìíèõ á³áë³îòåêàõ 
³íøèõ ïðåäñòàâíèê³â ðîä³â Allium òà Fraxinus 
öþ ïîñë³äîâí³ñòü âèÿâèòè íå âäàëîñÿ. Ìîæëè-
âèì ïîÿñíåííÿì ïðèñóòíîñò³ âèñîêîïîä³áíî¿ 
ïîñë³äîâíîñò³ ó 5S ðÄÍÊ ïðåäñòàâíèê³â òðüîõ
ô³ëîãåíåòè÷íî â³ääàëåíèõ ðîäèí ìîæå áóòè
ÿâèùå ãîðèçîíòàëüíîãî ïåðåíîñó ãåí³â. Îñòàí-
í³ì ÷àñîì ç’ÿâëÿºòüñÿ âñå á³ëüøå ñâ³ä÷åíü ðîç-
ïîâñþäæåíîñò³ öüîãî ïðîöåñó â åâîëþö³¿ ãåíî-
ì³â ðîñëèí, âêëþ÷àþ÷è âèïàäêè ïåðåíîñó 
ðÄÍÊ (Krak et al, 2021; Bartha et al, 2021). 

Ðîçðàõîâàíèé íà îñíîâ³ âèð³âíþâàííÿ â³ä-
ñîòîê ïîä³áíîñò³ ì³æ ïîñë³äîâíîñòÿìè IGS 5S
ðÄÍÊ ïðåäñòàâíèê³â ðîäó Aconitum çíàõîäèòüñÿ 
â ìåæàõ 67,0–97,2 % (òàáë. 2) òà º çíà÷íî íèæ-
÷èì, í³æ ð³âåíü ïîä³áíîñò³ ì³æ ïîñë³äîâíîñ-
òÿìè ä³ëÿíêè psbA-trnH (Tynkevich et al, 2022a), 
òîáòî, IGS 5S ðÄÍÊ åâîëþö³îíóº ç á³ëüøîþ 
øâèäê³ñòþ, í³æ ä³ëÿíêà psbA-trnH. Â³äïîâ³äíî, 
ïîð³âíÿííÿ ïîñë³äîâíîñòåé IGS ìîæå áóòè ðå-
êîìåíäîâàíî äëÿ ô³ëîãåíåòè÷íîãî àíàë³çó â 
ìåæàõ ðîäó Aconitum. 

Âèð³âíþâàííÿ ïîñë³äîâíîñò³ IGS áóëî âè-
êîðèñòàíî äëÿ ñòâîðåííÿ íåâêîð³íåíî¿ ô³ëîãå-
íåòè÷íî¿ äåíäðîãðàìè ìåòîäîì Maximum Like-
lihood. Íà îòðèìàí³é äåíäðîãðàì³ ç âèñîêîþ 
ñòàòèñòè÷íîþ ï³äòðèìêîþ â³çóàë³çóþòüñÿ äâ³ 
êëàäè, ïåðøà ç ÿêèõ îõîïëþº âñ³ ïîñë³äîâíîñ-
ò³ IGS A. bulleyanum òà A. kusnezoffii, ÿê³ íà-
ëåæàòü äî ï³äðîäó Aconitum, à äðóãà – âñ³ ïî-
ñë³äîâíîñò³ IGS ïðåäñòàâíèê³â êîìïëåêñó An-
thora (ðèñ. 3). Á³ëüø³ñòü ïîñë³äîâíîñòåé â ìåæàõ 
äðóãî¿ êëàäè º âèñîêî ïîä³áíèìè, çà âèêëþ-
÷åííÿì ïîñë³äîâíîñò³ AcJac1-1, ÿêà ïîì³òíî
â³äð³çíÿºòüñÿ â³ä íèõ. Ïîÿñíåííÿì öüîãî ìîæå
áóòè ïñåâäîãåí³çàö³ÿ ö³º¿ ïîñë³äîâíîñò³ – ÿâè-
ùå, ÿêå áóëî ðàí³øå îïèñàíî äëÿ 5S ðÄÍÊ ³í-
øèõ ðîä³â Ïîêðèòîíàñ³ííèõ (Volkov et al, 2017).
Ïðåäñòàâíèê ï³äðîäó Lycoctonum, A. simonkaia-
num çàéìàº íà ô³ëîãðàì³ ³çîëüîâàíå ïîëîæåííÿ.

Ðèñ. 2. Ïîð³âíÿííÿ öåíòðàëüíî¿ ÷àñòèíè (ä³ëÿíêà CR2 – äèâ. ðèñ. 1) IGS 5S ðÄÍÊ ïðåäñòàâíèê³â ðîäó 
Aconitum ç ãîìîëîã³÷íèìè ïîñë³äîâíîñòÿìè, çíàéäåíèìè â áàç³ äàíèõ Genbank äëÿ ïðåäñòàâíèê³â ðîä³â 
Pulsatilla, Anemonae, Fraxinus òà Allium
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Ðàí³øå ïðåäñòàâíèêè êîìïëåêñó A. anthora
òà ñïîð³äíåí³ âèäè ëèøå ó ïîîäèíîêèõ âèïàä-
êàõ âêëþ÷àëèñÿ ó ô³ëîãåíåòè÷í³ äîñë³äæåííÿ 
ðîäó Aconitum. Çà ðåçóëüòàòàìè àíàë³çó ä³ëÿíîê 
õëîðîïëàñòíîãî ãåíîìó trnL-F òà trnL, à òà-
êîæ ITS ÿäåðíî¿ 35S ðÄÍÊ A. anthora ðàçîì 
ç A. brunneum Hand.-Mazz. òà A. racemulosum 
Franch. óòâîðþâàëè ñåñòðèíñüêó ãðóïó ïî â³ä-
íîøåííþ äî âñ³õ ³íøèõ âèä³â ï³äðîäó Aconi-
tum (Jabbour and Renner, 2012). Â ðîáîò³ Utelli
ç ñï³âàâòîðàìè (2000) áóëè îòðèìàí³ ñóïåðå÷-
ëèâ³ äàí³: ç âèêîðèñòàííÿì ä³ëÿíêè ITS A. an-
thora ãðóïóâàâñÿ â ìåæàõ êëàäè ï³äðîäó Aconitum, 
ïðîòå, íà äåíäðîãðàì³, ïîáóäîâàí³é çà ä³ëÿí-
êîþ õëîðîïëàñòíîãî ãåíîìó psbA-trnH, öåé âèä 
ïîêàçàâ âèùó ñïîð³äíåí³ñòü äî ï³äðîäó Lycoc-
tonum (Utelli et al, 2000). Àíàë³ç ³ç çàñòîñóâàí-
íÿì ïîñë³äîâíîñòåé psbA-trnH äëÿ á³ëüøî¿ ê³ëü-
êîñò³ çðàçê³â ïðåäñòàâíèê³â êîìïëåêñó A. an-
thora ï³äòâåðäèâ ñïîð³äíåí³ñòü ³ç ï³äðîäîì Ly-
coctonum (Tynkevich et al, 2022a). Âîäíî÷àñ, çà 

ìîðôîëîã³÷íèìè îçíàêàìè A. anthora s. l. ³íêîëè 
ðîçãëÿäàþòü ó ÿêîñò³ îêðåìîãî ï³äðîäó Anthora 
(Novikoff, et al, 2011). Ðåçóëüòàòè, îòðèìàí³ íà-
ìè ó öüîìó äîñë³äæåíí³ ïðè ïîð³âíÿíí³ ïîñë³-
äîâíîñòåé IGS 5S ðÄÍÊ ñâ³ä÷àòü ïðî íàÿâí³ñòü 
çíà÷íî¿ ãåíåòè÷íî¿ äèñòàíö³¿ ì³æ A. anthora + 
A. jacquinii òà ïðåäñòàâíèêàìè ï³äðîä³â Aco-
nitum òà Lycoctonum, ùî º àðãóìåíòîì íà êî-
ðèñòü òðàêòóâàííÿ êîìïëåêñó A. anthora ÿê îê-
ðåìîãî ï³äðîäó. 

Ñóïåðå÷ëèâ³ ô³ëîãåíåòè÷í³ ðåçóëüòàòè, îò-
ðèìàí³ ç âèêîðèñòàííÿì ð³çíèõ ïîñë³äîâíîñ-
òåé, ìîæóòü áóòè íàñë³äêîì ðåòèêóëÿðíîãî õà-
ðàêòåðó åâîëþö³¿ ãåíîì³â âèä³â ðîäó Aconitum.
Â³äïîâ³äíî, ïîäàëüøå ïðîÿñíåííÿ ô³ëîãåíå-
òè÷íèõ â³äíîñèí â ðîä³ Aconitum ïîòðåáóº ïî-
ð³âíÿëüíîãî àíàë³çó ê³ëüêîõ ä³ëÿíîê ãåíîìó òà 
çàëó÷åííÿ á³ëüøî¿ ê³ëüêîñò³ çðàçê³â ðîñëèí. 

Âèñíîâêè. IGS 5S ðÄÍÊ ïðåäñòàâíèê³â ðî-
äó Aconitum ìàº ïîð³âíÿíî âåëèêó äîâæèíó, â³ä 
574 äî 619 íï. Îñíîâíèì äæåðåëîì ì³íëèâîñò³ 

Ðèñ. 3. Íåâêîð³íåíà Maximum-Likelihood ô³ëîäåíäðîãðàìà, îòðèìàíà ïðè ïîð³âíÿíí³ ïîñë³äîâíîñòåé IGS 
5S ðÄÍÊ äëÿ ïðåäñòàâíèê³â ðîäó Aconitum. Öèôðàìè íà äåíäðîãðàì³ âêàçàíî çíà÷åííÿ aLRT-Chi2 ñòàòèñ-
òè÷íî¿ ï³äòðèìêè â³äïîâ³äíèõ ã³ëîê
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ö³º¿ ä³ëÿíêè ó àêîí³ò³â º òî÷êîâ³ íóêëåîòèäí³ 
çàì³íè, òîä³ ÿê êîðîòê³ îë³ãîíóêëåîòèäí³ ³í-
äåëè çóñòð³÷àþòüñÿ ëèøå íà 5�-ê³íö³ IGS. Ïî-
òåíö³éí³ çîâí³øí³ åëåìåíòè ïðîìîòîðà ÐÍÊ-
ïîë³ìåðàçè ²²², ðîçòàøîâàí³ íà 3�-ê³íö³ IGS ó 
âèä³â ðîäó Aconitum â³äð³çíÿþòüñÿ â³ä òàêèõ ó 
ïðåäñòàâíèê³â ³íøèõ òàêñîí³â Ïîêðèòîíàñ³í-
íèõ. Ó IGS òàêîæ çíàéäåíî êîíñåðâàòèâí³ ä³-
ëÿíêè, ôóíêö³ÿ ÿêèõ íåâ³äîìà. Âèñîêà øâèä-
ê³ñòü ìîëåêóëÿðíî¿ åâîëþö³¿ ðîáèòü IGS 5S 
ðÄÍÊ çðó÷íèì ³íñòðóìåíòîì ³äåíòèô³êàö³¿ âè-
ä³â òà ðåêîíñòðóêö³¿ ô³ëîãåíåçó â ìåæàõ ðîäó 
Aconitum. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü çà ó÷àñòþ ëþäåé
³ õðåáåòíèõ òâàðèí â ÿêîñò³ îá’ºêò³â äîñë³ä-
æåííÿ. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â. 
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ ïðîâîäèëèñü çà ô³-
íàíñîâî¿ ï³äòðèìêè Ì³í³ñòåðñòâà îñâ³òè ³ íà-
óêè Óêðà¿íè (ãðàíò ¹ 0122U001335). 

ORGANIZATION OF THE 5S rDNA INTERGENIC 
SPACER AND ITS USE IN MOLECULAR 
TAXONOMY OF THE GENUS ACONITUM L.

Y.O. Tynkevich, A.V. Novikov, I.I. Chorney, R.À. Volkov

Yuriy Fedkovych Chernivtsi National University
Kotsiubynsky str. 2, 58012 Chernivtsi, Ukraine 
State Museum of Natural History, National Academy 
of Sciences of Ukraine,
Teatralna str. 18, 79008 Lviv, Ukraine;

E-mail: r.volkov@chnu.edu.ua

The genus Aconitum L. includes a large number of toxic 
and pharmaceutical important plants. One of the centers 
of diversity of this genus is located on the territory of 
the Eastern Carpathians. In this region there are many 
representatives of the genus with unclear taxonomic 
status, in particular, members of the complex A. anthora 
s. l. The taxonomic position of this complex within 
the genus also remains controversial, as the regions of 
the chloroplast and nuclear genomes previously used 
for phylogenetic analysis appeared to be insufficiently 
variable. Therefore, the search for an optimal molecular 
marker with a high level of polymorphism within the 
genus Aconitum remains a relevant task. The 5S rDNA 
IGS (intergenic spacer) is an evolutionarily variable 
region of the nuclear genome, which was previously 
successfully used for phylogeny reconstruction in many 
groups of angiosperms. In this work, using methods 

of molecular genetics and bioinformatics, we obtained 
5S rDNA IGS sequences for representatives of the A. 
anthora complex and phylogenetically distant species of 
the genus Aconitum. Analysis of IGS sequences showed 
that this region is relatively long in species of the genus, 
574–619 bp. The IGS variability is due to numerous 
nucleotide substitutions, while short oligonucleotide 
indels occur only at the 5� end of the spacer. Four 
conserved regions were found in the IGS of Aconitum, 
two of which correspond to the external promoter and 
terminator elements of RNA polymerase III, while the 
function of the other two regions remains unknown. First 
of them shows homology to the 5S rRNA coding region, 
while the second one demonstrates high similarity to 
the sequences from the genomes of representatives of 
taxonomically distant families of monocots and dicots, 
suggesting horizontal gene transfer. The phylogenetic ana-
lysis applying the 5S rDNA IGS supports the inter-
pretation of A. anthora s. l. as a separate subgenus within 
the genus Aconitum.
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