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Ïðîâåäåíî ïîð³âíÿëüí³ äîñë³äæåííÿ ãåíåòè÷íî¿ ì³íëè-
âîñò³ çà 12 àëîçèìíèìè ëîêóñàìè âèá³ðîê äåðåâ ³ çàðîä-
ê³â ¿õíüîãî íàñ³ííÿ, à òàêîæ ñèñòåìè ñõðåùóâàííÿ â 
ï’ÿòüîõ ïîïóëÿö³ÿõ ñîñíè Êîõà (Pinus kochiana Klotzsch 
ex Koch) â Êðèìó. Âñòàíîâëåíî, ùî ó çàðîäê³â íàñ³ííÿ 
â³äòâîðþºòüñÿ àëåëüíà ð³çíîìàí³òí³ñòü, ÿêà âëàñòèâà 
ìàòåðèíñüêèì ðîñëèíàì, ïðîòå ð³âåíü íàÿâíî¿ (ÍÎ) ãå-
òåðîçèãîòíîñò³ º çíà÷íî íèæ÷èì, â³äïîâ³äíî 0,286 ³ 
0,189. Äëÿ çàðîäê³â íà â³äì³íó â³ä ìàòåðèíñüêèõ äåðåâ 
õàðàêòåðíà çíà÷íà ðîçá³æí³ñòü ó ôàêòè÷íîìó ðîç-
ïîä³ë³ ãåíîòèï³â â³ä òåîðåòè÷íî î÷³êóâàíîãî çã³äíî ç 
çàêîíîì Õàðä³–Âàéíáåðãà äëÿ á³ëüøîñò³ àíàë³çîâàíèõ 
ëîêóñ³â. ×àñòêà ïåðåõðåñíîãî çàïèëåííÿ â ïîïóëÿö³ÿõ 
ïðè îäíîëîêóñí³é (ts) îö³íö³ âàð³þâàëà â³ä 0,384 äî 0,673, 
ïðè áàãàòîëîêóñí³é (tm) – 0,639–0,841.

Êëþ÷îâ³ ñëîâà: àëîçèìíà ì³íëèâ³ñòü ðîñëèí ³ çàðîäê³â 
ñîñíè Êîõà, ñõðåùóâàííÿ, ïîïóëÿö³¿, Êðèì. 

Âñòóï. Àêòóàëüíèìè º äîñë³äæåííÿ ïîïóëÿ-
ö³éíî-ãåíåòè÷íî¿ ì³íëèâîñò³ âóçüêîàðåàëüíèõ 
åíäåì³÷íèõ âèä³â, ïîòåíö³éíà çàãðîçà çíèêíåí-
íÿ ÿêèõ çðîñòàº â çâ’ÿçêó ç ãëîáàëüíèìè êë³-
ìàòè÷íèìè çì³íàìè òà ïîñèëåííÿì àíòðîïî-
ãåííîãî ïðåñèíãó. Òàê³ äîñë³äæåííÿ ñïðèÿþòü 
ðîçóì³ííþ ïðèðîäè òà çíà÷åííÿ ïîë³ìîðô³çìó 
â ãåíåòè÷í³é ñò³éêîñò³ ïîïóëÿö³éíèõ ñèñòåì [1]. 
Â öüîìó ïëàí³ ö³êàâà ñîñíà Êîõà (Pinus kochiana 
Klotzsch ex Koch), ùî çðîñòàº ëîêàëüíî íà îá-
ìåæåí³é òåðèòîð³¿ ó âåðõíüîìó ë³ñîâîìó ïîÿñ³ 
Êðèìó. Îñíîâí³ ïîïóëÿö³¿ öüîãî âèäó ïîêè 
ùî íå ï³äïàäàëè ï³ä âïëèâ çíà÷íèõ ïîæåæ ³ 
íåçâîðîòíèõ àíòðîïîãåííèõ íàâàíòàæåíü [2]. 
Çã³äíî ç íàøèìè ïîð³âíÿëüíèìè ïîïóëÿö³éíî-
ãåíåòè÷íèìè äîñë³äæåííÿìè P. kochiana ³ ñîñíè 
çâè÷àéíî¿ (P. sylvestris L.) â ìåæàõ âñüîãî àðåà-
ëó öüîãî âèäó â Óêðà¿í³ ìîæíà ñòâåðäæóâàòè, 
ùî P. kochiana íå º ñàìîñò³éíèì âèäîì, à 
ëèøå ãåîãðàô³÷íî ³çîëüîâàíîþ ð³çíîâèäí³ñòþ 

øèðîêîàðåàëüíî¿ P. sylvestris [3]. Íåâåëèê³ ïî-
ïóëÿö³¿ P. kochiana (ìàêñèìóì 6–8 ãà), ùî çáå-
ðåãëèñü íà çàïîâ³äíèõ òåðèòîð³ÿõ Êðèìó, äî-
çâîëÿþòü ç’ÿñóâàòè ñòðóêòóðó ãåíîôîíäó òà 
ãåííîãî ð³çíîìàí³òòÿ öüîãî âóçüêîàðåàëüíîãî 
òàêñîíó. Çà äîïîìîãîþ àíàë³çó àëîçèìíî¿ ì³í-
ëèâîñò³ âñòàíîâëåíî ãåíåòè÷íó ñòðóêòóðó ïîïó-
ëÿö³é òà âèçíà÷åíî àäàïòèâíèé îïòèìóì ãåòåðî-
çèãîòíîñò³ äëÿ áàãàòüîõ âèä³â ðîäèíè Pinaceae
Lindl., ÿê³ çðîñòàþòü íà ð³çíèõ êîíòèíåíòàõ
íàøî¿ ïëàíåòè. ² äàëåêî íå çàâæäè íå÷èñëåíí³ 
âóçüêîàðåàëüí³ âèäè â³äð³çíÿëèñÿ çíèæåíèì ð³â-
íåì ãåíåòè÷íîãî ïîë³ìîðô³çìó [4, 5]. Ã³ðñüê³ ïî-
ïóëÿö³¿ P. kochiana ïðîéøëè òðèâàëèé ïðèðîä-
íèé â³äá³ð ³ äóæå ö³êàâ³ äëÿ ç’ÿñóâàííÿ ãåíå-
òè÷íèõ íàñë³äê³â ãåîãðàô³÷íî¿ ³çîëÿö³¿ (� 500 êì
â³ä áëèçüêîñïîð³äíåíî¿ P. sylvestris). Âíàñë³äîê 
òîãî ùî ïîïóëÿö³¿ P. kochiana íå÷èñëåíí³, ç íå-
âèñîêîþ ù³ëüí³ñòþ ðîñëèí, òî ó íàñòóïíèõ ïî-
êîë³ííÿõ ìîæëèâ³ âòðàòè ¿õíüîãî ãåíåòè÷íîãî 
ð³çíîìàí³òòÿ ÷åðåç íàäì³ðíå ñàìîçàïèëåííÿ 
ðîñëèí. Ó çâ’ÿçêó ç öèì ïîð³âíÿííÿ ïîë³ìîð-
ô³çìó áàòüê³âñüêèõ ãåíîòèï³â ³ çàðîäê³â íàñ³ííÿ, 
âèçíà÷åííÿ ÷àñòêè àóòêðîñèíãó òà ³íáðåäíîãî 
ïîòîìñòâà ñïðèÿþòü êðàùîìó ðîçóì³ííþ ñïå-
öèô³êè ï³äòðèìêè ãåíåòè÷íî¿ ì³íëèâîñò³ íå÷èñ-
ëåííèõ ³çîëüîâàíèõ ïîïóëÿö³é öüîãî òàêñîíó. 

Ìåòà ðîáîòè – àíàë³ç àëîçèìíî¿ ì³íëèâîñò³ 
ìàòåðèíñüêèõ ðîñëèí ³ çàðîäê³â íàñ³ííÿ òà 
ñèñòåìè ñõðåùóâàííÿ â ïîïóëÿö³ÿõ P. kochiana 
â Êðèìó.

Ìàòåð³àëè ³ ìåòîäè. Îá’ºêòàìè äîñë³äæåíü 
áóëè ï’ÿòü ïîïóëÿö³é P. kochiana â Êðèìó: â 
óðî÷èùàõ «×åðâîíèé êàì³íü» ³ «Ãóðçóôñüêå ñ³ä-
ëî» íà ï³âäåííîìó ñõèë³ ãîðè Êàðàóë-Êàÿ, íà 
ï³âäåííî-çàõ³äíîìó ñõèë³ â³ä Íèêèòñüêî¿ ÿé-
ëè, íà ï³âí³÷íîìó ñõèë³ â³ä Áàáóãàí ÿéëè ³ íà 
êîðäîí³ «Âåðõí³é». Â³ê äåðåâ, ç ÿêèõ áóëî ç³áðà-
íî øèøêè ç ïîâíîö³ííèì íàñ³ííÿì, ñòàíîâèâ 
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Ãåíåòè÷íà ì³íëèâ³ñòü ìàòåðèíñüêèõ ðîñëèí ³ çàðîäê³â íàñ³ííÿ ïîïóëÿö³é ñîñíè Êîõà 

80–150 ðîê³â, à ¿õí³ âèá³ðêè íàë³÷óâàëè 29–30 
îñîáèí. Ê³ëüê³ñòü çàðîäê³â, ùî äîñë³äæóâàëèñü 
â ïîïóëÿö³ÿõ, çì³íþâàëàñü â ìåæàõ 204–210 øò.
Ãåíåòè÷íèé ïîë³ìîðô³çì ðîñëèí âèâ÷àëè çà 
19 ëîêóñàìè, çàðîäê³â ¿õíüîãî íàñ³ííÿ – çà 12 
àëîçèìíèìè ëîêóñàìè. Àíàë³çóâàëèñÿ ò³ëüêè ò³
ëîêóñè, ùî äîáðå ³äåíòèô³êóâàëèñü íà åëåêòðî-
ôîðåãðàìàõ.

Ãåíîòèï ðîñëèí âèçíà÷àëè çà á³îõ³ì³÷íè-
ìè ìàðêåðàìè, â äàíîìó ðàç³ çà ³çîôåðìåíòà-
ìè ñåìè ôåðìåíòíèõ ñèñòåì: ãëóòàìàòîêñàëî-
àöåòàòòðàíñàì³íàçè (GOT, Ê.Ô. 2.6.1.1), ä³à-
ôîðàçè (DIA, Ê.Ô. 1.8.1.4), ãëóòàìàòäåã³äðîãå-
íàçè (GDH, Ê.Ô. 1.4.1.2), ìàëàòäåã³äðîãåíàçè 
(MDH, Ê.Ô. 1.1.1.37), êèñëî¿ ôîñôàòàçè (ACP, 
Ê.Ô. 3.1.3.2), ëåéöèíàì³íîïåïòèäàçè (LAP, Ê.Ô.
3.4.11.1), ôîðì³àòäåã³äðîãåíàçè (FDH, Ê.Ô. 1.2.
1.2). Äëÿ êîæíî¿ ðîñëèíè ðîáèëè åëåêòðîôî-
ðåòè÷íèé àíàë³ç ôåðìåíò³â ç 6–7 òà á³ëüøå
åíäîñïåðì³â ³ çàðîäê³â íàñ³íèí, ÿê³ åêñòðàãó-
âàëè îêðåìî. Ðîçä³ëåííÿ ôåðìåíò³â ïðîâîäè-
ëè ó âåðòèêàëüíèõ ïëàñòèíàõ 7,5%-íîãî ïîë³-
àêðèëàì³äíîãî ãåëÿ ó òðèñ-ãë³öèíîâîìó åëåê-
òðîäíîìó áóôåð³ ç ðÍ 8,3 [6]. ²äåíòèô³êàö³þ 
àëåë³â äîñë³äæóâàíèõ ëîêóñ³â çðîáëåíî ðàí³øå 
[3]. Ï³äðîçä³ëåí³ñòü ïîïóëÿö³é ç’ÿñîâóâàëè çà
ïîêàçíèêàìè F-ñòàòèñòèêè Ðàéòà òà G-ñòà-
òèñòèêè Íåÿ, à äèôåðåíö³àö³þ – çà äîïîìî-
ãîþ ãåíåòè÷íî¿ äèñòàíö³¿ Íåÿ [7]. Àëåëüíó ³
ãåíîòèï³÷íó ãåòåðîãåíí³ñòü ïîïóëÿö³é îö³íþ-
âàëè ñòàíäàðòíèì �2-òåñòîì. Ñòàòèñòè÷íó îá-
ðîáêó äàíèõ çä³éñíþâàëè çà äîïîìîãîþ ïàêåòó 
êîìï’þòåðíèõ ïðîãðàì BIOSYS-1 [8], GenAlEX 
V. 6 [9] òà MLTR [10].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ó 
ðåçóëüòàò³ åëåêòðîôîðåçó ñåìè ôåðìåíò³â ç åíäî-
ñïåðì³â íàñ³ííÿ 149 äåðåâ ³ 1014 çàðîäê³â ï’ÿòè
ïîïóëÿö³é P. kochiana Êðèìó âèÿâëåíî 36 àëå-
ë³â 12 ïîë³ìîðôíèõ ëîêóñ³â. Ïðè öüîìó òðè
àëåëÿ – Lap-2null, Dia-11.15, Mdh-20.90 – çóñòð³-
÷àëèñÿ ò³ëüêè ó äåðåâ ³ çàðîäê³â ïîïóëÿö³¿ óðî-
÷èùà «Ãóðçóôñüêå ñ³äëî», ïî îäíîìó àëåëþ – 
Got-31.15 òà Acp0.97 – ò³ëüêè â ïîïóëÿö³ÿõ Áà-
áóãàí ÿéëà òà êîðäîí «Âåðõí³é» â³äïîâ³äíî. 
×àñòîòè ïðåäîì³íàíòíîãî àëåëÿ (1.00) â óñ³õ 
äîñë³äæóâàíèõ âèá³ðêàõ ðîñëèí ³ çàðîäê³â ñòà-
íîâèëè � 0,500, çà âèíÿòêîì ºäèíîãî âèïàäêó 
(Mdh-3, ïîïóëÿö³ÿ óðî÷èùà «×åðâîíèé êà-
ì³íü», çàðîäêè íàñ³ííÿ). Çàãàëîì ìîæíà êîí-
ñòàòóâàòè, ùî ó çàðîäê³â íàñ³ííÿ ïðèðîäíèõ 

ïîïóëÿö³é P. kochiana â³äòâîðþºòüñÿ àëåëüíà 
ð³çíîìàí³òí³ñòü, âëàñòèâà ìàòåðèíñüêèì ðîñ-
ëèíàì. Ó âèïàäêîâèõ âèá³ðêàõ äåðåâ ï’ÿòè ïî-
ïóëÿö³é ñóòòºâà àëåëüíà òà ãåíîòèïîâà ãåòåðî-
ãåíí³ñòü (�2) âèÿâëåíà çà ï’ÿòüìà ëîêóñàìè, à
ó çàðîäê³â ¿õíüîãî íàñ³ííÿ – çà âñ³ìà 12 ïîë³-
ìîðôíèìè ëîêóñàìè. Îòæå, ãåíåòè÷íà ñòðóê-
òóðà çàðîäê³â íàñ³ííÿ íà â³äì³íó â³ä äîðîñëèõ 
ðîñëèí ïîì³òíî ð³çíèòüñÿ, ùî ìîæå áóòè òà-
êîæ ïîâ’ÿçàíå ³ç çíà÷íî á³ëüøîþ âèá³ðêîþ çà-
ðîäê³â, í³æ äåðåâ. Îäíàê ö³ â³äì³ííîñò³ ìîæóòü 
áóòè íàñë³äêîì íèçüêî¿ ÷àñòêè àóòêðîñèíãó ³
íåîäíàêîâîãî âíåñêó äåðåâ ó çàãàëüíèé ïîïó-
ëÿö³éíèé ãåíîôîíä íàñ³ííºâîãî ïîòîìñòâà. 

Äëÿ ïåðåâàæíî¿ á³ëüøîñò³ ëîêóñ³â ãåíåòè÷íà 
ñòðóêòóðà äîñë³äæóâàíèõ ïîïóëÿö³é P. kochiana 
áëèçüêà äî âð³âíîâàæåíî¿. Âèïàäêè ³ñòîòíî¿ íå-
â³äïîâ³äíîñò³ ôàêòè÷íîãî ðîçïîä³ëó ãåíîòèï³â 
òåîðåòè÷íî î÷³êóâàíîìó, çã³äíî ç çàêîíîì Õàð-
ä³–Âàéíáåðãà, ó ìàòåðèíñüêèõ ðîñëèí öèõ ïî-
ïóëÿö³é âñòàíîâëåíî äëÿ 1–3 ëîêóñ³â (òàáë. 1). 
Âñüîãî òàêèõ âèïàäê³â áóëî 8 ³ ñòîñóâàëèñÿ âîíè 
ï’ÿòè ëîêóñ³â, ç ÿêèõ òðè º âèñîêîì³íëèâèìè. 
²ñòîòí³ ïîðóøåííÿ ó ðîçïîä³ë³ ãåíîòèï³â çàðîä-
ê³â â ïîïóëÿö³ÿõ áóëè ñêîð³øå ïðàâèëîì, í³æ 
âèíÿòêîì, ³ çóñòð³÷àëèñü ó 7–8 ëîêóñàõ. Äëÿ ëî-
êóñ³â Got-3, Acp, Lap-1, Lap-2 äîñòîâ³ðí³ â³äõè-
ëåííÿ ó ðîçïîä³ë³ ãåíîòèï³â çàðîäê³â âèÿâëåíî 
â óñ³õ äîñë³äæóâàíèõ ïîïóëÿö³ÿõ. Òàêèé ãåíå-
òè÷íèé åôåêò îïèñàíèé äëÿ ïîïóëÿö³é áàãàòüîõ 
âèä³â õâîéíèõ, ³ ïîâ’ÿçóþòü éîãî ç ï³äâèùåíîþ 
ïðèñóòí³ñòþ ãîìîçèãîò ó çàðîäê³â [1, 5, 11–13]. 

Ñåðåäíÿ íàÿâíà ãåòåðîçèãîòí³ñòü (ÍÎ) ó âè-
á³ðêàõ çàðîäê³â áóëà ³ñòîòíî íèæ÷å, í³æ ó ìàòå-
ðèíñüêèõ äåðåâ ïðèðîäíèõ ïîïóëÿö³é (òàáë. 2). 
ßêùî ó äåðåâ çíà÷åííÿ ÍÎ, âèçíà÷åí³ çà 12 ëîêó-
ñàìè, âàð³þâàëè â ìåæàõ 0,242–0,317, òî ó âèá³ð-
êàõ çàðîäê³â âîíè ñêëàëè 0,165–0,209. Î÷³êóâàíà 
ãåòåðîçèãîòí³ñòü (ÍÅ), ñåðåäíÿ ê³ëüê³ñòü àëåë³â 
íà ëîêóñ, à òàêîæ ÷àñòêà ïîë³ìîðôíèõ ëîêóñ³â ó 
âñ³õ ïîð³âíþâàíèõ ïàðàõ âèá³ðîê äåðåâ ³ çàðîäê³â 
³ñòîòíî íå â³äð³çíÿëèñü. Ñë³ä çàçíà÷èòè âèñîêèé 
ð³âåíü çíà÷åíü ÍÅ â ïîïóëÿö³ÿõ P. kochiana ÿê 
äëÿ ìàòåðèíñüêèõ äåðåâ (0,244–0,323; ñåðåäíº 
çíà÷åííÿ 0,292), òàê ³ çàðîäê³â ¿õíüîãî íàñ³ííÿ 
(0,247–0,351; ñåðåäíº çíà÷åííÿ 0,299). Ð³âåíü 
ãåòåðîçèãîòíîñò³ äåðåâ â ïîïóëÿö³ÿõ P. kochiana 
â Êðèìó âèùèé, í³æ â ³çîëüîâàíèõ ïîïóëÿö³ÿõ 
áàãàòüîõ ìàëîïîøèðåíèõ âèä³â õâîéíèõ. Òàê, 
íàïðèêëàä, äëÿ ð³äê³ñíî¿ ìåêñèêàíñüêî¿ Pinus 
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Ãåíåòè÷íà ì³íëèâ³ñòü ìàòåðèíñüêèõ ðîñëèí ³ çàðîäê³â íàñ³ííÿ ïîïóëÿö³é ñîñíè Êîõà 

pinceana Gordon ç ôðàãìåíòîâàíîþ ïîïóëÿö³ºþ 
çíà÷åííÿ ÍÅ = 0,174 [14]; äëÿ 23 ïîïóëÿö³é 
Abies alba Mill. â Àëüïàõ íà ï³âäåííîìó ñõîä³ 
Ôðàíö³¿ ÍÅ = 0,063–0,217 [15], äëÿ ðåë³êòîâî¿ 
Picea breweriana Wats. ó ðàéîíàõ Êàë³ôîðí³¿ òà 
Îðåãîíà ÍÅ = 0,121 [16]. Òðåáà çàçíà÷èòè, ùî 
àíàë³ç ëèøå 12 ëîêóñ³â ïîð³âíÿíî ç 19 ëîêóñà-
ìè â äåÿê³é ì³ð³ ïîÿñíþº ï³äâèùåíó ãåòåðîçè-
ãîòí³ñòü ðîñëèí, áî ñåðåä äîäàòêîâèõ ëîêóñ³â º 
ìîíîìîðôí³, ùî ïðèçâîäèòü äî çíèæåííÿ ðîç-
ðàõóíêîâèõ ñåðåäí³õ çíà÷åíü ÍO, ÍE.

Ó çàðîäê³â íàñ³ííÿ P. kochiana çàô³êñîâàíî
çíà÷íå ïåðåâèùåííÿ î÷³êóâàíî¿ ãåòåðîçèãîò-
íîñò³ íàä íàÿâíîþ, ùî çã³äíî ç ³íäåêñîì ô³êñà-
ö³¿ Ðàéòà âêàçóº íà ïðèñóòí³ñòü â óñ³õ ¿õí³õ âè-
á³ðêàõ ïîì³òíîãî íàäëèøêó ãîìîçèãîò. Öüîãî 
íå ñïîñòåð³ãàëîñü ó âèá³ðêàõ äîðîñëèõ äåðåâ. 

Çàçíà÷åíèé äåô³öèò ãåòåðîçèãîò ó çàðîäê³â, 
ÿêèé â³äñóòí³é â ðåïðîäóêòèâíèõ äåðåâ, î÷åâèä-
íî ìîæíà ïîÿñíèòè ïðèðîäíèì äîáîðîì ó 
â³êîâèõ ãðóïàõ ïðîòè ³íáðåäíîãî ïîòîìñòâà íà 
êîðèñòü ãåòåðîçèãîò [17, 18]. Â³äá³ð ìîæå íå 
ò³ëüêè ï³äâèùóâàòè ãåòåðîçèãîòí³ñòü äî ñòàíó 
ð³âíîâàãè çã³äíî ç çàêîíîì Õàðä³–Âàéíáåðãà, 
àëå ÿêùî öå áàëàíñóþ÷èé â³äá³ð, òî ïðèâîäèòè 
äî åêñöåñó ãåòåðîçèãîò [19]. 

Ñåðåäí³ì çíà÷åííÿì êîåô³ö³ºíòà ³íáðèäèíãó 
îñîáèíè ùîäî äåðåâîñòàíó (FIS) äëÿ ìàòåðèí-
ñüêèõ ðîñëèí äîñë³äæóâàíèõ ïîïóëÿö³é âëàñòè-
âèé íåâåëèêèé íàäëèøîê ãåòåðîçèãîò – 0,5 %,
à äëÿ çàðîäê³â ¿õíüîãî íàñ³ííÿ ÿâíèé åêñöåñ 
ãîìîçèãîò – 32,6 %. Ï³äðîçä³ëåí³ñòü ïîïóëÿö³é, 
ÿê ³ ó âèá³ðîê çàðîäê³â ç ¿õíüîãî íàñ³ííÿ, íèçüêà 
â³äïîâ³äíî äî ñåðåäí³õ çíà÷åíü êîåô³ö³ºíò³â FST 

Òàáëèöÿ 2. Çíà÷åííÿ îñíîâíèõ ïîêàçíèê³â ãåíåòè÷íîãî ïîë³ìîðô³çìó âèá³ðîê äåðåâ ³ çàðîäê³â ¿õíüîãî íàñ³ííÿ 
â ïîïóëÿö³ÿõ Pinus kochiana Klotzsch ex Koch â Êðèìó
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(0,021–0,023). Öå ìîæíà ñòâåðäæóâàòè ³ ïðî 
äèôåðåíö³àö³þ, áî ñåðåäíÿ ãåíåòè÷íà äèñòàíö³ÿ 
Íåÿ (DN) ì³æ âèá³ðêàìè äåðåâ ñòàíîâèòü 0,016, 
à ì³æ ¿õí³ìè çàðîäêàìè – 0,014. Ïðîâåäåíèé 
àíàë³ç âêàçóº íà íåâèñîê³ â³äì³ííîñò³ â ãåíå-
òè÷í³é ñòðóêòóð³ ïîïóëÿö³é P. kochiana Êðèìó, 
à òàêîæ ìîæå ñâ³ä÷èòè ïðî ñï³ëüí³ñòü ¿õíüîãî 
ïîõîäæåííÿ. Íàïðèêëàä, ó âèäó ç îáìåæåíèì 
àðåàëîì (Pinus pinceana), ôðàãìåíòîâàíèìè ïî-
ïóëÿö³ÿìè ³ íèçüêîþ â³äíîâëþâàëüíîþ çäàò-
í³ñòþ äåðåâ, ÿê³ øèðîêî ðîçêèäàí³ â ìåæàõ ïî-
ïóëÿö³é, çíà÷åííÿ FST äîñÿãàëî 0,152, ùî â ö³-
ëîìó íå õàðàêòåðíî äëÿ ïîïóëÿö³é ïîøèðåíèõ 
âèä³â õâîéíèõ [14].

Ó âèá³ðêàõ çàðîäê³â íàé÷àñò³øå çóñòð³÷àëèñü 
ãåíîòèïè, ãåòåðîçèãîòí³ çà 2–4 ëîêóñàìè, ¿õíÿ 
÷àñòêà ñêëàëà 71,1 % (òàáë. 3). Ïðåäñòàâíèö-
òâî ãåíîòèï³â çàðîäê³â, ãåòåðîçèãîòíèõ çà 1–3 
ëîêóñàìè, â ïîïóëÿö³ÿõ ñòàíîâèëà 71,5 %, à çà
1–4 ëîêóñàìè – 82,4 %. Çíà÷íî ìåíøà ê³ëüê³ñòü 
ñïîñòåð³ãàëàñü ó âèá³ðêàõ çàðîäê³â âèñîêîãåòå-
ðîçèãîòíèõ ãåíîòèï³â çà 5–7 ëîêóñàìè. Â ö³ëîìó 
ó ïîïóëÿö³ÿõ âîíà ñòàíîâèëà 7,3 %. Äîñèòü âè-
ñîêèé â³äñîòîê ìóëüòèëîêóñíèõ ãîìîçèãîòíèõ 
ãåíîòèï³â çàô³êñîâàíî ó çàãàëüí³é âèá³ðö³ çà-
ðîäê³â – 9,8 %. Ó ìàòåðèíñüêèõ äåðåâ ïðèðîä-
íèõ ïîïóëÿö³é âñòàíîâëåíî ò³ëüêè îäèí òàêèé 
ãîìîçèãîòíèé ãåíîòèï (0,67 %). Ñåðåä äåðåâ ó 
ïîïóëÿö³ÿõ íàéá³ëüø ÷àñòî ³ äîñèòü â áëèçüêîìó 

ñï³ââ³äíîøåíí³ çóñòð³÷àëèñü ãåòåðîçèãîòí³ ãå-
íîòèïè çà 2–5 ëîêóñàìè: 14,8–28,8 %, ñêëàâ-
øè çàãàëîì 85,9 %. 

Ó äåðåâ, ãåòåðîçèãîòíèõ çà 2–8 ëîêóñàìè, 
ñåðåäíÿ íàÿâíà ãåòåðîçèãîòí³ñòü âèùà, í³æ ó çà-
ðîäê³â ¿õíüîãî íàñ³ííÿ. Ï³äâèùåííÿ ³íäèâ³äó-
àëüíî¿ ãåòåðîçèãîòíîñò³ ðîñëèí, ïî÷èíàþ÷è ç 
0,167, íå ñóïðîâîäæóºòüñÿ àäåêâàòíèì çðîñòàí-
íÿì íàÿâíî¿ ãåòåðîçèãîòíîñò³ ¿õí³õ çàðîäê³â. Äëÿ 
âñ³õ ðàíæîâàíèõ çà ãåòåðîçèãîòí³ñòþ âèá³ðîê äå-
ðåâ õàðàêòåðíà çíà÷íà íåñòà÷à ãåòåðîçèãîò ó ¿õí³õ 
çàðîäê³â, ÿêà ñòàíîâèëà 26,6–43,1 %. Î÷åâèä-
íî, ùî â çíèæåííÿ ñåðåäíüî¿ ãåòåðîçèãîòíîñò³ 
çàðîäê³â íàñ³ííÿ äîñë³äæóâàíèõ äåðåâîñòàí³â 
âíîñÿòü óñ³ ðîñëèíè, àëå íàéá³ëüøèé âíåñîê 
õàðàêòåðíèé äëÿ âèñîêîãåòåðîçèãîòíèõ ãåíîòè-
ï³â. Ñë³ä çàçíà÷èòè, ùî âñåðåäèí³ ïîïóëÿö³é 
íåìàº áóäü-ÿêî¿ îêðåìî¿ ãðóïè äåðåâ, ÿêà çàáåç-
ïå÷óº ôîðìóâàííÿ âèñîêîãåòåðîçèãîòíîãî ïî-
òîìñòâà. Ðàí³øå àíàëîã³÷íà ñèòóàö³ÿ áóëà çàç-
íà÷åíà äëÿ ðîñëèí ïðèðîäíèõ ïîïóëÿö³é ÿëèö³ 
á³ëî¿ (Abies alba Mill.), ñîñíè êðèìñüêî¿ (Pinus
pallasiana D. Don) òà ñîñíè êðåéäÿíî¿ (P. sylvest-
ris var. cretacea Kalenicz. ex Kom.) [12] ³ P. syl-
vestris [27]. 

ßê ³ á³ëüø³ñòü õâîéíèõ ðîñëèí, P. kochiana 
ìàº çì³øàíó ñèñòåìó ñõðåùóâàííÿ ç ïåðåâà-
æàííÿì ïåðåõðåñíîãî çàïèëåííÿ ³ ïåâíîþ ÷àñò-
êîþ ñàìîçàïèëåííÿ. Ó äîñë³äæóâàíèõ ïîïó-
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âà

Ãåòåðîçèãîòí³ ëîêóñè (0–7) ó çàðîäê³â 
òà ¿õíÿ âèá³ðêîâà ê³ëüê³ñòü

Çà-
ãàëüíà 
ê³ëü-
ê³ñòü 

çàðîä-
ê³â

Ñåðåäíÿ ãåòåðîçèãîòí³ñòü 
âèá³ðîê çàðîäê³â

Êîåô³-
ö³ºíò 
³íáðè-
äèíãó, 

FIS
0 1 2 3 4 5 6 7

íàÿâíà, 
ÍÎ

î÷³êóâàíà, 
ÍÅ

0 (0,000)
1 (0,083)
2 (0,167)
3 (0,250)
4 (0,333)
5 (0,417)
6 (0,500)
8 (0,667)

Óñüîãî òà â 
ñåðåäíüîìó

1
9
30
40
36
22
10
1

149

1
16
47
19
9
4
3
1

100

2
20
60
58
61
21
9
1

232

1
14
56
74
67
37
12
1

262

2
7
26
64
64
43
22
3

231

–
2
12
30
31
27
12
1

115

–
–
3
25
13
13
7
–

61

–
–
–
1
2
6
2
–

11

–
–
–
–
2
–
–
–

2

6
59
204
271
249
151
67
7

1014

0,139 ± 0,029
0,109 ± 0,011
0,128 ± 0,006
0,200 ± 0,007
0,201 ± 0,007
0,239 ± 0,010
0,241 ± 0,014
0,190 ± 0,035

0,188 ± 0,003

0,100 ± 0,029
0,167 ± 0,013
0,225 ± 0,008
0,289 ± 0,007
0,320 ± 0,008
0,355 ± 0,011
0,352 ± 0,016
0,259 ± 0,043

0,299 ± 0,004

–0,390
0,347
0,431
0,308
0,372
0,327
0,315
0,266

0,371
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ëÿö³é ïîêàçíèêè, ùî õàðàêòåðèçóþòü ñèñòåìó 
ñõðåùóâàííÿ, îòðèìàí³ çà äîïîìîãîþ 12 àëî-
çèìíèõ ëîêóñ³â. Âîíè âèÿâèëèñÿ ð³çíèìè ³ç 
çíà÷íèì ïåðåâèùåííÿì áàãàòîëîêóñíî¿ îö³íêè 
íàä îäíîëîêóñíîþ (òàáë. 4). 

Íàéá³ëüø âèñîê³ îö³íêè ïåðåõðåñíîãî çàïè-
ëåííÿ âñòàíîâëåíî â ïîïóëÿö³¿ óðî÷èùà «Ãóð-
çóôñüêå ñ³äëî». Çíà÷íà ð³çíèöÿ ì³æ áàãàòîëî-
êóñíîþ (tm = 0,841)  ³ îäíîëîêóñíîþ (ts = 0,673)
îö³íêàìè ñâ³ä÷èòü ïðî íàÿâí³ñòü áëèçüêîñïî-
ð³äíåíèõ ñõðåùóâàíü ïîðÿä ñ ñàìîçàïèëåí-
íÿì. Â ïîïóëÿö³¿ óðî÷èùà «×åðâîíèé êàì³íü» 
îáèäâ³ îö³íêè âèÿâèëèñÿ íàéìåíøèìè òà tm, ÿê 
³ â ïîïóëÿö³¿ óðî÷èùà «Ãóðçóôñüêå ñ³äëî», ïå-
ðåâèùóâàëà ts, ùî òàêîæ ñâ³ä÷èòü ïðî íàÿâí³ñòü 
áëèçüêîñïîð³äíåíèõ ñõðåùóâàíü. Ó ñåðåäíüîìó 
÷àñòêà ïåðåõðåñíîãî çàïèëåííÿ çà îäíîëîêóñ-
íîþ îö³íêîþ ñòàíîâèëà 47,5 %, çà áàãàòî-
ëîêóñíîþ – 71,5%. Îòæå, çàãàëüíà ÷àñòêà ñà-
ìîçàïèëåííÿ äëÿ öèõ ïîïóëÿö³é áóëà äîñèòü 
çíà÷íîþ, ñêëàâøè â ñåðåäíüîìó 29–53 %. Çà-
ãàëîì íàâåäåí³ äàí³ âêàçóþòü íà äîñèòü âèñî-
êèé ð³âåíü ñàìîçàïèëåííÿ â ïðèðîäíèõ ïîïó-
ëÿö³ÿõ P. kochiana Ã³ðñüêîãî Êðèìó. Íåâåëèêà 
÷èñåëüí³ñòü òà ³çîëüîâàí³ñòü ïîïóëÿö³¿ P. kochi-
ana â Ã³ðñüêîìó Êðèìó ñïðèÿº ñàìîçàïèëåííþ 
ðîñëèí, ð³âåíü ÿêîãî áëèçüêèé, íàïðèêëàä, äî
ïîïóëÿö³é Pinus cembra L. Óêðà¿íñüêèõ Êàðïàò 
[19], Abies alba ó Ôðàíö³¿, Picea glauca òà Picea 
mariana â Êàíàä³, Pinus lucodermis  â ²òàë³¿, àëå 
âèùå, í³æ ó ïîïóëÿö³é Picea martinezii òà Pi-
cea mexicana ç Ìåêñèêè ³ Pinus rubens ç Êà-
íàäè [20]. Â ðåçóëüòàò³ áëèçüêîñïîð³äíåíèõ 
ñõðåùóâàíü ³ ñàìîçàïèëåííÿ ó õâîéíèõ ÷àñò-
êîâî ôîðìóºòüñÿ ³íáðåäíå ïîòîìñòâî [21–25]. 

Â³äîìî, ùî ³íáðèäèíã ìîæå íåãàòèâíî âïëèâà-
òè ÿê íà æèòòºçäàòí³ñòü îêðåìèõ îñîáèí, òàê ³ 
íà ñò³éê³ñòü ïîïóëÿö³¿ â ö³ëîìó [26].

Îòæå, ó çàðîäê³â íàñ³ííÿ ïðèðîäíèõ ïîïó-
ëÿö³é P. kochiana Êðèìó âñòàíîâëåíî ³ñòîòíå 
çíèæåííÿ ãåòåðîçèãîòíîñò³ ïîð³âíÿíî ç ìàòå-
ðèíñüêèìè äåðåâàìè, ùî, ÿê ïîêàçóº àíàë³ç
ñèñòåìè ñõðåùóâàííÿ, ïîâ’ÿçàíî ç áëèçüêî-
ñïîð³äíåíèì çàïèëåííÿì. Îäíàê ó âðîæà¿ êîæ-
íî¿ ç ïîïóëÿö³é â³äòâîðþþòüñÿ àëåëüíà ð³çíî-
ìàí³òí³ñòü òà ãåíåòè÷íà ñòðóêòóðà, ïðî ùî ñâ³ä-
÷àòü äóæå íèçüê³ çíà÷åííÿ DN (0,001–0,002) 
ïðè ïîð³âíÿíí³ àëåëüíèõ ÷àñòîò ìàòåðèíñüêèõ 
äåðåâ ³ çàðîäê³â ¿õíüîãî íàñ³ííÿ. 

Íåîáõ³äíî ï³äêðåñëèòè, ùî ñàìîçàïèëåííÿ 
ñïðèÿº íàäì³ðíîìó óòâîðåííþ ïîðîæíüîãî 
íàñ³ííÿ. Âèñîêîãåòåðîçèãîòí³ äåðåâà ÷àñòî ïðî-
äóêóþòü çíà÷íî á³ëüøå íåæèòòºçäàòíîãî íàñ³ííÿ, 
í³æ äåðåâà ç á³ëüø íèçüêîþ ãåòåðîçèãîòí³ñòþ, 
ùî ïîâ’ÿçóþòü ç ïåðåõîäîì ëåòàë³â áàòüê³â â 
ãîìîçèãîòíèé ñòàí ó ïîòîìñòâ³ [28]. Åêñöåñ 
ãîìîçèãîò ó âèá³ðêàõ çàðîäê³â, çíèêàþ÷èé ç 
â³êîì ó ðîñëèí P. kochiana, äåìîíñòðóº ïåðåâà-
ãó â æèòòºçäàòíîñò³ àóòêðîñíîãî ïîòîìñòâà. 
Â³äá³ð ïðîòè ãîìîçèãîòíèõ îñîáèí, ðåàë³çîâà-
íèé íà ðàíí³õ ñòàä³ÿõ îíòîãåíåçó, º çàãàëüíèì 
ôåíîìåíîì äëÿ áàãàòüîõ âèä³â äåðåâíèõ ðîñ-
ëèí [1, 29]. Î÷åâèäíî, çàâäÿêè áàëàíñóþ÷îìó 
â³äáîðó â³äáóâàºòüñÿ «âèð³âíþâàííÿ» ãåíåòè÷-
íî¿ ñòðóêòóðè ïîïóëÿö³é [25], ùî ìè ³ ñïîñ-
òåð³ãàºìî â íàøîìó âèïàäêó.

Òàêèì ÷èíîì, äîñë³äæåííÿ àëîçèìíî¿ ì³í-
ëèâîñò³ âèïàäêîâèõ âèá³ðîê ðîñëèí ³ çàðîäê³â 
¿õíüîãî íàñ³ííÿ ç íåâåëèêèõ ïîïóëÿö³é P. ko-
chiana Êðèìó ïîêàçàëè, ùî âîíè ìàþòü åôåê-

Òàáëèöÿ 4. ×àñòêà ïåðåõðåñíîãî çàïèëåííÿ â ïîïóëÿö³ÿõ Pinus kochiana Klotzsch ex Koch â Êðèìó

Ïðèì³òêà. ts – îäíîëîêóñíà, tm – áàãàòîëîêóñíà îö³íêà ñèñòåìè ñõðåùóâàííÿ.

Ì³ñöå çðîñòàííÿ ðîñëèí

×àñòêà ïåðåõðåñíîãî çàïèëåííÿ
Ôàêòè÷íèé êîåô³ö³-
ºíò ³íáðèäèíãó, F

ts tm

Óðî÷èùå «×åðâîíèé êàì³íü»
Íèêèòñüêà ÿéëà, ï³âäåííî-çàõ³äíèé ñõèë
Óðî÷èùå «Ãóðçóôñüêå ñ³äëî»
Áàáóãàí ÿéëà, ï³âí³÷íèé ñõèë
Êîðäîí «Âåðõí³é»
Ó ñåðåäíüîìó

0,384 ± 0,056
0,434 ± 0,050
0,673 ± 0,055
0,531 ± 0,047
0,539 ± 0,048
0,475 ± 0,024

0,639 ± 0,069
0,641 ± 0,054
0,841 ± 0,043
0,755 ± 0,044
0,767 ± 0,055
0,715 ± 0,025

0,462
0,355
0,223
0,289
0,391
0,368
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².². Êîðøèêîâ, Ë.Î. Êàëàôàò, Î.Ì. Âèíîãðàäîâà, Ä.Þ. Ïîäãîðíèé

òèâíèé ðîçì³ð, äîñòàòí³é äëÿ ï³äòðèìêè ãåíå-
òè÷íîãî ð³çíîìàí³òòÿ â íàñòóïíèõ ïîêîë³ííÿõ. 
Ó ö³ëîìó ìîæíà êîíñòàòóâàòè, ùî ïîïóëÿö³¿ 
âóçüêîëîêàëüíî¿ ãåîãðàô³÷íî ³çîëüîâàíî¿ P. ko-
chiana õàðàêòåðèçóþòüñÿ ìåíøèì ð³âíåì ãåíå-
òè÷íî¿ ì³íëèâîñò³, í³æ áëèçüêîñïîð³äíåíà øè-
ðîêîàðåàëüíà P. sylvestris [30, 31]. Âñòàíîâëå-
íèé ð³âåíü ì³íëèâîñò³ P. kochiana ìîæíà ðîç-
ãëÿäàòè ÿê îïòèìàëüíèé äëÿ äàíîãî òàêñîíó, 
ùî ï³äòâåðäæóºòüñÿ âèñîêîþ æèòòºçäàòí³ñòþ 
ðîñëèí. Âðàõîâóþ÷è, ùî ïðèðîäíå â³äíîâëåííÿ 
P. kochiana â ³çîëüîâàíèõ ïîïóëÿö³ÿõ Êðèìó 
â³äáóâàºòüñÿ ëîêàëüíî-äèôóçíî çà ðàõóíîê íà-
ñ³ííÿ ç âèñîêîþ äîëåþ ³íáðåäíîãî ïîòîìñòâà, 
âèíèêàþòü ïåðåäóìîâè ñêîðî÷åííÿ ïîïóëÿö³é-
íî¿ ì³íëèâîñò³ öüîãî òàêñîíó. Öå â ö³ëîìó ìîæå 
ïðèçâåñòè äî çì³íè åâîëþö³éíî âèðîáëåíîãî 
ñï³ââ³äíîøåííÿ ãåíîòèï³â â ðåïðîäóêòèâí³é ÷àñ-
òèí³ íàñòóïíèõ ïîêîë³íü ³ñíóþ÷èõ ïîïóëÿö³é. 
Îäíàê ìîæëèâ³ñòü òàêèõ çì³í çàëåæèòü â³ä ñèëè 
ä³¿ ïðèðîäíîãî äîáîðó, à òàêîæ â³ä íàäì³ðíîãî 
àíòðîïîãåííîãî âïëèâó. Íåâåëèê³ ïîïóëÿö³¿ P. ko-
chiana â Êðèìó íåîáõ³äíî ðåòåëüíî îõîðîíÿòè, 
îñîáëèâî â³ä ïîæåæ òà ï³äâèùåíîãî ðåêðåàö³é-
íîãî íàâàíòàæåííÿ. 

GENETIC VARIABILITY OF MATERNAL 
PLANTS AND SEED EMBRYOS OF KOCH PINE 
POPULATIONS (PINUS KOCHIANA KLOTZSCH 
EX KOCH) IN CRIMEA

I.². Korshykov, L.O. Kalafat, 
O.M. Vynogradova, D.Y. Podgornyi

Kryvyi Rih Botanical Garden of NAS of Ukraine
E-mail: ivivkor@gmail.com
Institute of Food Biotechnology and Genomics 
of NAS of Ukraine, Kyiv 
Donetsk Botanical Garden of NAS of Ukraine 
Nikita Botanical Garden of UÀÀS – National 
scientific center

Comparative studies of genetic variability were un-
dertaken for 12 allozyme loci selections of trees and 
embryos of seed, and also for the crossing systems in five 
populations of Koch pine of (Pinus kochiana Klotzsch 
ex Koch) in Crimea. It was shown that in seed embryos 
the allelic variety peculiar to the maternal plants was
restored, however the level of the available (ÍÎ) 
heterozygosity was considerably lower, 0,286 and 0,189 
respectively. For the embryos unlike the trees, in the 
majority of the analyzed loci the considerable divergence 
was specific in the actual distribution of genotypes 
from the theoretically expected according to Hardy-

Weinberg law. The proportion of cross pollination at the 
unilocal (ts) estimation varied from 0,384 to 0,673 in 
the populations, while at the multilocal ones (tm) it was 
0,639–0,841.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Altukhova, Y.P., The dynamics of population gene 
pools under anthropogenic influences, Moscow: 
Nauka, 2004, 619 p. 

2. Didukh, Ya.P., The vegetation cover of the Crimean 
Mountains (structure, dynamics, and evolution of the 
security), Kyiv: Naukova dumka, 1992, 256 p.  

3. Korshikov, I.I., Podgornyi, D.Y., Kalafat, L.A., and 
Pirko, Ya.V., Taxonomic status of Pinus kochiana 
Klotzsch ex Koch from Mountain Crimea on data 
comparative population and genetic research to 
Pinus sylvestris L., Ukr. Bot. J., 2011, vol. 68, no. 1, 
pp. 133–142. 

4. Delgado, P., Cuenca, A., Escalante, A.E., Molina-
Freaner, F., and Piñero, D., Comparative genetic 
structure in pines: evolutionary and conservation 
consequences, Rev. chil. hist. nat., 2002, vol. 75, no. 1,
pp. 27–37. 

5. Ïîëèòîâ, Ä.Â. Ãåíåòèêà ïîïóëÿöèé è ýâîëþöè-
îííûå âçàèìîîòíîøåíèÿ âèäîâ ñîñíîâûõ (ñåì. 
Pinaceae) ñåâåðíîé Åâðàçèè: Àâòîðåô. äèñ. … ä-ðà 
áèîë. íàóê, Ìîñêâà, 2007, 47 c. 

6. Davis, B.J., Disk electrophoresis. 2. Methods and 
application to human serum proteins, Ann. N. Y. 
Acad. Sci., 1964, vol. 121, pp. 404–427.

7. Nei, M., Genetic distance between populations, 
Amer. Natur., 1972, vol. 106, no. 949, pp. 283–292.

8. Swofford, D.L., and Selander, R.B., BIOSYS-1: a 
FORTRAN program for the comprehensive analysis 
of electrophoretic data in population genetics and 
systematics, J. Hered., 1981, vol. 72, no. 4, pp. 281–
283.

9. Peakall, R., and Smouse, P.E., GenAlex 6: Genetic 
Analysis in Excel. Population genetic software for 
teaching and research, Mol. Ecol. Notes, 2006, vol. 6, 
no. 1, pp. 288–295.

10. Ritland, K., Extensions of models for the estimation 
of mating systems using n independent loci, Heredity, 
2002, vol. 88, pp. 221–228.

11. Bower, A.D., and Aitken, S.N., Mating system and 
inbreeding depression in whitebark pine (Pinus albi-
caulis Engelm.), Tree Genet. Genom., 2007, vol. 3, 
no. 4, pp. 379–388. 

12. Korshikov, I.I., Pirko, N.N., Mudrik, E.A., and 
Pirko, Ya.V., Maintenance of genetic structure 
in progenies of marginal mountainous and steppe 
populations of three species of Pinaceaå Lindl. 
family in Ukraine, Silvae Genet., 2007, vol. 56, no. 1, 
pp. 1–10.

13. Belokon, M.M., Belokon, Yu.S., and Politov D.V.,  



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 2 43

Ãåíåòè÷íà ì³íëèâ³ñòü ìàòåðèíñüêèõ ðîñëèí ³ çàðîäê³â íàñ³ííÿ ïîïóëÿö³é ñîñíè Êîõà 

The mating system and the dynamics of allozyme 
heterozygosity in Pinus pumila (Pall.) Regel. 
populations, Conifers of the Boreal Zone, 2010, vol. 
27, no. 1–2, pp. 13–18.

14. Ledig, F.T., Capo-Arteaga, M.A., Hodgskiss, P.D.,
Sbay, H., Flores-Lopez, C., Conkle, M.T., and 
Bermejo-Velazquez, B., Genetic diversity and 
the mating system of a rare Mexican pinon, Pinus 
pinceana, and a comparison with Pinus maximartinezii 
(Pinaceae), Am. J. Bot., 2001, vol. 88, no. 11, 
pp. 1977–1987. 

15. Fady, B., Forest, I., Hochu, I., Ribiollet, A., de Beau-
lieu, J.-L., and Pastuszka, P., Genetic differentiation 
in Abies alba Mill. populations from southeastern 
France, Forest Genet., 1999, vol. 6, no. 3, pp. 129–
138.

16. Ledig, F.T., Hodgskiss, P.D., and Johnson, D.R., 
Genic diversity, genetic structure, and mating system 
of Brewer spruce (Pinaceae), a relict of the Arcto-
Tertiary forest, Am. J. Bot., 2005, vol. 92, no. 12, 
pp. 1975–1986. 

17. Muona, O., Yazdani, R., and Rudin, D., Genetic 
change between life stages in Pinus sylvestris: 
allozyme variation in seeds and planted seedlings, 
Silvae Genet., 1987, vol. 36, no. 1, pp. 39–42. 

18. Yazdani, R., Muona, O., Rudin, D., and Szmidt, A.E.,
Genetic structure of Pinus sylvestris L. seed-tree 
stand and naturally regenerated understorey, Forest 
Sci., 1985, vol. 31, no. 2, pp. 430–436.

19.  Politov, D.V., Pirko, Y.V., Pirko, N.N., Mudrik, E.A.,
and Korshikov, I.I., Analysis of mating system in 
two Pinus cembra L. populations of the Ukrainian 
Carpathians, Ann. Forest Res., 2008, vol. 51, no. 1, 
pp. 11–18.

20. Restoux, G., Silva, D.E., Sagnard, F., Torre, F., 
Klein, E., and Fady, B., Life at the margin: the 
mating system of Mediterranean conifers, Web Ecol., 
2008, vol. 8, pp. 94–102.

21. Korshikov, I.I., Mudrik, E.A., and Terlyga, N.C., 
Analysis of genetic variability of seed embryos in 
trees characterized by different seed productivity 
in crimean population of Pinus pallasiana D. Don, 
Tsitol. Genet., 2005, vol. 39, no. 2, pp. 27–33.

22. Korshikov, I.I., and Mudrik, E.A., Comparative ana-
lysis of genetic heterogeneity of seed progenies in the 
isolated population of Pinus sylvestris var. cretacea 
Kalenicz ex Kom. in Donbass, Tsitol. Genet., 2006, 
vol. 40, no. 3, pp. 17–23.

23. Korshikov, I.I., and Mudrik, E.A., Elevation-de-
pendent genetic variation of plants and seed embryos 
in the Crimea Mountain population of Pinus pal-
lasiana D. Don, Russ. J. Ecol., 2006, vol. 37, no. 2, 
pp. 79–83.

24. Privalikhin, S.N., and Makogon, I.V., Analysis of the 
mating system in two  populations of norway spruce 
(Picea abies (L.) Karst.) from Ukrainian Polissya, 
The science of forest XXI century: Proc. Int. Sci.-Pract. 
Conf., Gomel, 2010, pp. 268–269

25. Altukhov, Yu.P., Genetic processes in populations, 
Moscow: Akademkniga, 2003, 431 p. 

26. Conservation and management of forest genetic 
resources in Europe, eds Th. Geburek, J. Turok, Zvo-
len: Arbora Publ., 2005, 693 p.

27. Korshikov, I.I., Kalafat, L.A., Lisnichuk, A.N., Veli-
korid’ko, T.I., and Mudrik, E.A., Allozyme variation 
of seed embryos and mating system in relict po-
pulations of Scots pine (Pinus sylvestris L.) from the 
Kremenets Hill ridge and Maloe Poles’e, Russ. J. 
Genet., 2011, vol. 47, no. 7, pp. 829–835. 

28. Hosius, B., Bergmann, F., Konnert, M., and Henkel, 
W., A concept for seed orchards based on isoenzyme 
gene markers, Forest Ecol. Manage., 2000, vol. 131, 
no. 1–3, pp. 143–152.

29. Bush Ì.R., Smouse P.Å. Evidence for the adaptive 
significance of allozymes in forest trees, New Forests, 
1992, vol. 6, no. 1, pp. 179–196.

30. Korshikov, I.I., Podgornyi, D.Yu., Kalafat, L.A., 
and Velikorid’ko, T.I., Population-and-genetic vari-
ation of the Pinus kochiana Klotzsch ex Koch in the 
Mountain Crimea, Reports of the National Academy 
of Sciences of Ukraine, 2010, no. 5, pp. 161–167.

31. Korshikov, I.I., Podgorny, D.Yu., and Lisnichuk, 
A.N., Population and genetic differences between 
Koch pine (Pinus kochiana Klotzsch ex Koch) of 
mountain Crimea and Scotch pine (Pinus sylvestris 
L.) of Kremenets hill, Bul. Nikit. Bot. Sada, 2012, 
no. 104, pp. 22–26. 

32. Korshikov, I.I., Velikorid’ko, T.I., Koba, V.P.,  
Podgorny, D.Yu., Kalafat, L.A., and Gorlova, 
E.V., Genetic control of isozymes pine Koch in the 
mountain Crimea, Trudy Nikit. Bot. Sada, 2008, vol. 
130, pp. 112–119.

Íàä³éøëà 30.04.15 


