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Íàö³îíàëüíèé óí³âåðñèòåò ô³çè÷íîãî âèõîâàííÿ ³ ñïîðòó Óêðà¿íè 

(ì. Êè¿â)
Çâ’ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè, 

ïëàíàìè, òåìàìè. Ðîáîòà âèêîíóâàëàñÿ çã³äíî òåìè 
2.22 «Ðîçðîáêà êîìïëåêñíî¿ ñèñòåìè âèçíà÷åííÿ ³í-
äèâ³äóàëüíî-òèïîëîã³÷íèõ âëàñòèâîñòåé ñïîðòñìåí³â 
íà îñíîâ³ ïðîÿâó ãåíîìó» (íîìåð äåðæàâíî¿ ðåºñòðàö³¿ 
0111U001729) òà äåðæáþäæåòíî¿ íàóêîâî-äîñë³äíî¿ 
òåìè «Ìîí³òîðèíã ïðîöåñó àäàïòàö³¿ êâàë³ô³êîâàíèõ 
ñïîðòñìåí³â ç óðàõóâàííÿì ¿õ ³íäèâ³äóàëüíèõ îñî-
áëèâîñòåé» (¹ äåðæàâíî¿ ðåºñòðàö³¿ 0111U001732) 
çâåäåíîãî ïëàíó íàóêîâî-äîñë³äíî¿ ðîáîòè ó ñôåð³ ô³-
çè÷íî¿ êóëüòóðè ³ ñïîðòó íà 2011 – 2015 ðð. 

Âñòóï. Ïðîáëåì³ âèêîðèñòàííÿ ìîëåêóëÿðíî-ãå-
íåòè÷íèõ ìàðêåð³â ó âèçíà÷åíí³ ñïàäêîâî¿ ñõèëüíîñò³ 
äî ðîçâèòêó òèõ ÷è ³íøèõ ô³çè÷íèõ ÿêîñòåé çà îñòàíí³ 
ðîêè ïðèñâÿ÷åíî áåçë³÷ íàóêîâèõ ïóáë³êàö³é [2, 4]. ª 
äåê³ëüêà ïðè÷èí, ùî çóìîâèëè äàíå ÿâèùå. Ç îäí³º¿ 
ñòîðîíè, áóðõëèâèé ðîçâèòîê ìîëåêóëÿðíî-ãåíå-
òè÷íèõ ìåòîä³â äîñë³äæåííÿ ñïðèÿº âïðîâàäæåí-
íþ ¿õ ó ð³çí³ ñôåðè æèòòÿ ëþäèíè. Çîêðåìà, ó ãàëóç³ 
ô³çè÷íîãî âèõîâàííÿ òà ñïîðòó ö³ ìåòîäè äîçâîëèëè 
çðîáèòè çíà÷íèé ïðîðèâ â äîñë³äæåííÿõ ÿê ôóíäà-
ìåíòàëüíîãî, òàê ³ ïðèêëàäíîãî õàðàêòåðó, âèêëèêàëè 
çì³íè â ï³äõîäàõ äî ñïîðòèâíîãî äîáîðó òà îð³ºíòàö³¿ 
ñïîðòñìåí³â, âíåñëè ñóòòºâèé âíåñîê ó ðîçóì³ííÿ 
ìåõàí³çì³â àäàïòàö³¿ äî íàïðóæåíèõ ô³çè÷íèõ íà-
âàíòàæåíü. Ç ³íøîãî áîêó, ³ñíóº íèçêà ïðîáëåì, ùî 
íå äîçâîëÿþòü ÷³òêî òà øâèäêî âèçíà÷èòè îñíîâí³ 
ìîëåêóëÿðíî-ãåíåòè÷í³ ìàðêåðè ðîçâèòêó ô³çè÷íèõ 
ÿêîñòåé, ³ âèìàãàþòü ðåïë³êàö³éíèõ äîñë³äæåíü ó 
ð³çíèõ ïîïóëÿö³éíèõ âèá³ðêàõ. Äî òàêèõ ïðîáëåì íà-
ëåæàòü: íåäîñòàòíÿ ê³ëüê³ñòü îáñòåæåíèõ àáî ïðîá, 
âèêîðèñòàííÿ íåîá’ºêòèâíèõ êðèòåð³¿â âèçíà÷åííÿ 
ô³çè÷íèõ ÿêîñòåé, íåïðÿì³ ìåòîäè äîñë³äæåííÿ [7, 
17]. Êð³ì òîãî, ñèëà á³îëîã³÷íîãî åôåêòó ãåíåòè÷-
íîãî ìàðêåðó (ïîë³ìîðô³çìó) âèçíà÷àºòüñÿ åòíî- 
àáî ïîïóëÿö³éíî-ñïåöèô³÷íèìè ôàêòîðàìè, ÿê 
ãåíåòè÷íî¿, òàê ³ íåãåíåòè÷íî¿ ïðèðîäè (ãàïëîòèïè, 
âçàºìîä³ÿ ãåí-ãåí òà ãåí-ñåðåäîâèùå) [1]. 

Íà ñüîãîäí³øí³é äåíü âñòàíîâëåíî àñîö³àö³þ 
ñïîðòèâíî¿ ïðàöåçäàòíîñò³ ç ìîëåêóëÿðíî-ãå-
íåòè÷íèìè ìàðêåðàìè, ïåðåë³ê ÿêèõ ì³ñòèòü 
á³ëüøå 200 ïîë³ìîðô³çì³â [4, 16]. Õî÷à öåé ñïèñîê 
ïîë³ìîðô³çì³â ãåí³â âðàæàº óÿâó çà ñâî¿ì îáñÿãîì, 

àëå ïðè ïîâòîðíèõ äîñë³äæåííÿõ ó ð³çíèõ óìîâàõ íå 
âñ³ ðåçóëüòàòè ïîâòîðþþòüñÿ [7, 17]. Ñåðåä äàíî-
ãî ïåðåë³êó º ïîë³ìîðô³çìè, ÿê³ ìàþòü âèð³øàëüíå 
çíà÷åííÿ, äëÿ ðîçâèòêó ô³çè÷íèõ ÿêîñòåé, ùî 
ïîÿñíþºòüñÿ ïëåéîòðîïíîþ ä³ºþ ãåí³â. Çðîñòàº 
ê³ëüê³ñòü äîêàç³â, ùî ñïîðòñìåíè ñâ³òîâîãî êëàñó 
º íîñ³ÿìè ì³í³ìàëüíîãî íàáîðó îñîáëèâèõ ãåí³â, 
ùî ïîñèëþþòü ïðàöåçäàòí³ñòü. Íàïðèêëàä, ìàéæå 
âñ³ ÷îëîâ³êè, ùî ñïåö³àë³çóþòüñÿ ó á³ç³ íà êîðîòê³ 
äèñòàíö³¿, º íîñ³ÿìè 577R àëåë³, îäíîãî ç âàð³àíò³â 
ãåíó α-àêòèí³íó-3 (ACTN3)[3]. 

Ãåí àíã³îòåíçèíïåðåòâîðþþ÷îãî ôåðìåíòó (ÀÑÅ) 
áóâ ïåðøèì äîñë³äæåíèé ÿê ãåíåòè÷íèé ôàêòîð, ùî 
³ñòîòíî âïëèâàº íà ô³çè÷íó ïðàöåçäàòí³ñòü ëþäèíè. 
Â³í êîäóº ñèíòåç àíã³îòåíçèíïåðåòâîðþþ÷îãî ôåð-
ìåíòó, ùî º îäíèì ç îñíîâíèõ ó ðåí³í-àíã³îòåíçèíîâ³é 
òà êàëë³êðå¿í – ê³í³íîâ³é ñèñòåìàõ, â³ä³ãðàº âàæëèâó 
ðîëü ó ðåãóëÿö³¿ àðòåð³àëüíîãî òèñêó [12]. Ï³ä âïëèâîì 
ÀÑÅ â³äáóâàºòüñÿ óòâîðåííÿ àíã³îòåíçèíó ²², ñàìîãî 
ñèëüíîä³þ÷îãî ç â³äîìèõ ñóäèíîçâóæóþ÷èõ ðå÷îâèí. 

Ãåí ÀÑÅ êàðòîâàíèé ó õðîìîñîì³ 17q23. Íà ñüîãîä-
í³ â³äîìî á³ëüø ÿê 100 ïîë³ìîðô³çì³â öüîãî ãåíó, àëå 
îñíîâíèì, ùî âèçíà÷àº ñõèëüí³ñòü äî ð³çíèõ âèä³â ô³-
çè÷íî¿ àêòèâíîñò³ º I/D ïîë³ìîðô³çì. Â ÿêîñò³ ìàðêåðà 
ïîë³ìîðô³çìà ÀÑÅ âèêîðèñòîâóºòüñÿ â³äñóòí³ñòü àáî 
ïðèñóòí³ñòü (äåëåö³ÿ/âñòàâêà) 287 ï. î. ó 16 ³íòðîí³ 
ãåíó. Öåé ïîë³ìîðô³çì íå º ñòðóêòóðíèì, àëå âïëèâàº 
íà ñòóï³íü åêñïðåñ³¿ äàíîãî ãåíó. Öå ï³äòâåðäæóºòüñÿ 
äîñë³äæåííÿìè, ó ÿêèõ áóëî ïîêàçàíî, ùî ó îñ³á ç D/D 
ãåíîòèïîì âèçíà÷àºòüñÿ ìàêñèìàëüíèé ð³âåíü àíã³î-
òåíçèíïåðåòâîðþþ÷îãî ôåðìåíòó (ÀÏÔ), ó ëþäåé ç ²/² 
ãåíîòèïîì ð³âåíü ÀÏÔ âäâ³÷³ íèæ÷èé, à ó ãåòåðîçèãîò 
ð³âåíü ôåðìåíòà êðîâ³ ‒ ïðîì³æíèé. Íà ñüîãîäí³øí³é 
ìîìåíò îòðèìàíî âåëèêó ê³ëüê³ñòü äîêàç³â ïðî àñîö³-
àö³þ öüîãî ïîë³ìîðô³çìó ç ðîçâèòêîì ô³çè÷íèõ ÿêîñ-
òåé ó ñïîðòñìåí³â. Âñòàíîâëåíà âèñîêà êîðåëÿö³ÿ D 
– àëåëÿ ç³ çá³ëüøåííÿì ìàñè ë³âîãî øëóíî÷êà ñåðöÿ 
ï³ñëÿ ³çîìåòðè÷íèõ òðåíóâàíü, ç òèïîì ì’ÿçîâèõ âî-
ëîêîí, ç³ ñò³éê³ñòþ äî ðîçâèòêó âòîìè òà çàãàëüíîþ 
ô³çè÷íîþ ïðàöåçäàòí³ñòþ [11, 18, 20]. Äåÿê³ àâòîðè 
íàãîëîøóþòü, ùî ãåíîòèï ãåíó ÀÑÅ º ºäèíèì ðåàëü-
íèì ôàêòîðîì, ùî äåòåðì³íóº ñïîðòèâíèé ôåíî-
òèï [13]. Ãåí α-àêòèí³íó-3 (ACTN3) êîäóº á³ëîê, ùî 
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çàáåçïå÷óº øâèäêå ñêîðî÷åííÿ ì’ÿçîâèõ âîëîêîí. 
Ãåí çíàõîäèòüñÿ íà äîâãîìó ïëå÷³ 11-¿ õðîìîñîìè 
(11q13-q14). Â³äîìî, ùî â ñêåëåòíèõ ì’ÿçàõ ³ñíóº 
äâ³ ³çîôîðìè á³ëêà α-àêòèí³íà: ³çîôîðìà α-àêòèí³í-2 
(ACTN2) ³ ³çîôîðìà α-àêòèí³í-3 (ACTN3). Âñ³ ì’ÿçîâ³ 
âîëîêíà ì³ñòÿòü α-àêòèí³í-2, òîä³ ÿê α-àêòèí³í-3 ëîêà-
ë³çîâàíèé ò³ëüêè ó øâèäêî ñêîðîòëèâèõ ñêåëåòíèõ âî-
ëîêíàõ. Ó ñêåëåòíîìó ì’ÿç³ α-àêòèí³í-2 ³ 3 â³äíîñÿòüñÿ 
äî ãîëîâíèõ êîìïîíåíò³â Z – äèñê³â, äå âîíè çâ’ÿçóþòü 
òîíê³ àêòèíîâ³ ô³ëàìåíòè. Ö³ á³ëêè âèêîíóþòü ñòàòè÷íó 
ôóíêö³þ â îðãàí³çàö³¿ òîíêèõ ô³ëàìåíò³â ³ âçàºìîä³þòü 
ì³æ ñàðêîìåðíèì öèòîñêåëåòîì ³ ñàðêîïëàçìîþ, çà-
áåçïå÷óþ÷è âïîðÿäêóâàííÿ ìàñèâó ì³îô³áðèë. ²çî-
ôîðìè α-àêòèí³í³â ó ñêåëåòíèõ ì’ÿçàõ, êð³ì ñòàòè÷íî¿, 
âèêîíóþòü ³ ðåãóëÿòîðíó ôóíêö³þ, ïðèéìàþ÷è ó÷àñòü 
ó ðåãóëÿö³¿ äèôåðåíö³àö³¿ ³ ñêîðî÷åííÿ ì³îô³áðèë. Äå-
ô³öèò α-àêòèí³íó-3 ó øâèäêî ñêîðîòëèâèõ ì’ÿçîâèõ 
âîëîêíàõ ìîæå çíèæóâàòè øâèäê³ñíî-ñèëîâ³ ïîêàçíè-
êè ô³çè÷íî¿ ïðàöåçäàòíîñò³ ëþäèíè. Ïðè÷èíîþ òàêî¿ 
íåäîñòàòíîñò³ ACTN3 ó ëþäèíè º îäíîíóêëåîòèäíà 
çàì³íà öèòîçèíà íà òèì³í ó 577–ìó íóêëåîòèä³ êîäó-
þ÷î¿ ïîñë³äîâíîñò³, ÿêèé çíàõîäèòüñÿ ó 16–ìó åêçîí³. 
Ó ðåçóëüòàò³ öüîãî êîäîí, ùî êîäóº àì³íîêèñëîòó àð-
ã³í³í, ïåðåòâîðþºòüñÿ ó ñòîï-êîäîí, ³ ñèíòåç ïîë³ïåï-
òèäíîãî ëàíöþãà á³ëêó α-àêòèí³íó-3 çóïèíÿºòüñÿ. 

Íàÿâí³ñòü ïîë³ìîðô³çìó ó ãåí³ ACTN3 äîçâîëÿº 
âèÿâèòè òðè ãåíîòèïè: RR-ãîìîçèãîòè çà íîðìàëüíèì 
àëåëåì, RX-ãåòåðîçèãîòè, XX-ãîìîçèãîòè çà ìóòàíò-
íèì àëåëåì. Á³ëÿ 16 % ñâ³òîâî¿ ïîïóëÿö³¿ ãîìîçèãîòí³ 
çà Õ–àëåëåì ³ íå ì³ñòÿòü á³ëîê α-àêòèí³í-3 ó ì’ÿçàõ. 
Ïðîòå ïàòîëîã³¿ ì’ÿç³â ó òàêèõ ëþäåé íå ñïîñòåð³ãà-
þòüñÿ, òîìó ùî α-àêòèí³í-2 êîìïåíñóº éîãî â³äñóò-
í³ñòü ó Z-äèñêàõ øâèäêî ñêîðîòëèâèõ ì’ÿçîâèõ âîëî-
êîí. Ðàçîì ç òèì, ïðèñóòí³ñòü 577R àëåëÿ, ùî ñâ³ä÷èòü 
ïðî ïðèñóòí³ñòü ó ñêåëåòíèõ ì’ÿçàõ α-àêòèí³íó-3, äàº 
ïåðåâàãó ³íäèâ³äóóìàì ó ïðîÿâ³ øâèäê³ñíî-ñèëîâèõ 
ô³çè÷íèõ ÿêîñòåé [2, 3, 10]. 

Ìåòà ðîáîòè – äîñë³äèòè ïîîäèíîêó ÷àñòîòó çó-
ñòð³÷³ àëåëåé òà ãåíîòèï³â ãåí³â ÀÑÅ ³ ACTN3 ñåðåä 
óêðà¿íñüêèõ ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó òà âè-
ÿâèòè íàéá³ëüø ñïðèÿòëèâ³ êîìá³íàö³¿ ãåíîòèï³â äëÿ 
ðîçâèòêó ô³çè÷íèõ ÿêîñòåé. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Â îáñòåæåíí³ 
ïðèéíÿëî ó÷àñòü 567 îñ³á, ç íèõ 284 êâàë³ô³êîâàíèõ 
ñïîðòñìåíè òà 283 îñîáè, ÿê³ íå ìàþòü ðåãóëÿðíîãî 
ñòàæó çàíÿòü ñïîðòîì òà ñêëàäàëè êîíòðîëüíó ãðóïó. 
Âñ³ îáñòåæåí³ ñïîðòñìåíè çàëåæíî â³ä õàðàêòåðó 
åíåðãîçàáåçïå÷åííÿ ì’ÿçîâî¿ ä³ÿëüíîñò³ â îáðàíîìó 
âèä³ ñïîðòó áóëè ïîä³ëåí³ íà 3 ãðóïè: 1) ñïîðòñìåíè, 
ÿê³ ñïåö³àë³çóþòüñÿ ó äèñöèïë³íàõ ñïîðòó, ùî âèìàãà-
þòü ïðîÿâó âèòðèâàëîñò³; 2) ñïîðòñìåíè, ÿê³ ñïåö³àë³-
çóþòüñÿ ó äèñöèïë³íàõ, ùî âèìàãàþòü ïðîÿâó ñèëè òà 
øâèäêîñò³; 3) ñïîðòñìåíè, ÿê³ ñïåö³àë³çóþòüñÿ ó äèñ-
öèïë³íàõ, ùî âèìàãàþòü ïðîÿâó âèòðèâàëîñò³ òà ñèëè. 

Îáñòåæåííÿ ñïîðòñìåí³â ïðîâîäèëè íà áàç³ ëà-
áîðàòîð³¿ òåîð³¿ ìåòîäèêè ñïîðòèâíî¿ ï³äãîòîâêè ³ 
ðåçåðâíèõ ìîæëèâîñòåé ñïîðòñìåí³â ÍÄ² ÍÓÔÂÑÓ. 
Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç âèêîíóâàëè íà áàç³ 
ëàáîðàòîð³¿ â³ää³ëó çàãàëüíî¿ ³ ìîëåêóëÿðíî¿ ïàòîô³-
ç³îëîã³¿ ³íñòèòóòó ô³ç³îëîã³¿ ³ì. Î. Î. Áîãîìîëüöÿ ÍÀÍ 
Óêðà¿íè. ÄÍÊ âèä³ëÿëè ³ç áóêàëüíîãî åï³òåë³þ çà äîïî-
ìîãîþ íàáîðó ðåàêòèâ³â DiatomTM DNA Prep (Biokom). 

Ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) 
ç íàñòóïíèì ðåñòðèêö³éíèì àíàë³çîì âèçíà÷àëè íà-
ñòóïí³ ïîë³ìîðô³çìè: ²//D ïîë³ìîðô³çì ãåíó àíã³îòåí-
çèíïåðåòâîðþþ÷îãî ôåðìåíòó (ÀÑÅ), R577X (Ñ/Ò) 
ïîë³ìîðô³çì ãåíà α-àêòèí³íó-3 (ACTN3). Äëÿ ïðîâå-
äåííÿ ÏËÐ âèêîðèñòîâóâàëè ðåàêö³éíó ñóì³ø òàêîãî 
ñêëàäó: 5 ìêë 5×PCR-áóôåðó («Àìïë³ñåíñ», Ðîñ³ÿ), 2,5 
ìêë dNTP, ïî 25 ïìîëü/ë êîæíîãî ç ïðàéìåð³â ³ 0,1 Îä 
Tag-ïîë³ìåðàçè («Àìïë³Ñåíñ», Ðîñ³ÿ), îá’ºì äîâîäè-
ëè äî 25 ìêë äå³îí³çîâàíîþ âîäîþ. Äî ñóì³ø³ äîäà-
âàëè 50-100 íã ÄÍÊ. ÏËÐ ïðîâîäèëè â òåðìîöèêëåð³ 
«Applied Biosystems 2700» (ÑØÀ). 

Äëÿ âèçíà÷åííÿ ³íñåðö³éíî-äåëåö³éíîãî ïîë³ìîð-
ô³çìó 16-ãî ³íòðîíó ãåíà ÀÑÅ âèêîðèñòîâóâàëè ïàðó 
ñïåöèô³÷íèõ ïðàéìåð³â: ïðÿìèé (sense) – 5`-ÑTG-
GAG-ACC-ACT-CCC-ATC-CTT-TCT-3` òà çâîðîòíèé 
(antisense) – 5`-GAT-GTG-GCC-ATC-ACA-TTC-GTC-
AGAT-3`. Ïðîãðàìà àìïë³ô³êàö³¿ áóëà íàñòóïíîþ: äå-
íàòóðàö³ÿ – 94°Ñ (1 õâ), ã³áðèäèçàö³ÿ ïðàéìåð³â – 58°Ñ 
(1 õâ) òà åëîíãàö³ÿ – 74°Ñ (1 õâ), ðàçîì 30 öèêë³â. Çà 
íàÿâíîñò³ 287 ïàð îñíîâ â 16-ìó ³íòðîí³ âêàçàíîãî 
ãåíó óòâîðþºòüñÿ àìïë³ô³êàò á³ëüøî¿ ìîëåêóëÿðíî¿ 
ìàñè, ùî ïîâ³ëüí³øå ðóõàºòüñÿ â åëåêòðè÷íîìó ïîë³, 
à ïðè äåëåö³¿ çàçíà÷åíî¿ ä³ëÿíêè – óòâîðþºòüñÿ ÏËÐ 
– ïðîäóêò ìåíøî¿ ìîëåêóëÿðíî¿ ìàñè. ßêùî â ãåíîì³ 
º îáèäâ³ àëåë³ (² òà D), – â³çóàë³çóþòüñÿ äâ³ ñìóãè, ùî 
â³äïîâ³äàþòü àìïë³ô³êàòàì ôðàãìåíò³â ³íòðîíó ãåíà 
ÀÑÅ ó ãåòåðîçèãîòíîìó ñòàí³. 

Äëÿ àìïë³ô³êàö³¿ ãåíà ACTN3 áóëè âèêîðèñòàí³ 
íàñòóïí³ îë³ãîíóêëåîòèäè: ïðÿìèé − 5`-CTG TTG CCT 
GTG GTA AGT GGG-3` ³ çâîðîòí³é − 5`-TGG TCA CAG TAT 
GCA GGA GGG-3. Àìïë³ô³êàö³ÿ ôðàãìåíòó ñêëàäàëà-
ñÿ ç 36 öèêë³â: äåíàòóðàö³ÿ – 94°Ñ (1 õâ), ã³áðèäèçà-
ö³ÿ ïðàéìåð³â – 62°Ñ (1 õâ) ³ åëîíãàö³ÿ – 74°Ñ (7 õâ). 
Äîâæèíà àìïë³ô³êîâàíîãî ôðàãìåíòó ñêëàäàº 290 í. 
ï. Ïðîäóêòè ÏËÐ ðîçùåïëþâàëèñü åíäîíóêëåàçîþ 
ðåñòðèêöèè ÍDdeΙ (Hpy F31). Îäèí ñàéò ðåñòðèêö³¿ â 
àìïë³ô³êîâàíîìó ôðàãìåíò³ ÄÍÊ ³ñíóº çàâæäè ³ äî-
âæèíà ôðàãìåíò³â ïðè îáðîáö³ ¿õ ðåñòðèêòàçîþ ñêëà-
äàº 205 òà 85 ï. í. ×åðåç ôîðìóâàííÿ íîâîãî ñàéòà 
ðåñòðèêö³¿ ó âèïàäêó íîíñåíñ-ìóòàö³¿ ôðàãìåíò ÄÍÊ 
205 í. ï. ðîçð³çàºòüñÿ ðåñòðèêòàçàìè íà ôðàãìåíòè 
108 ³ 97 í. ï. Òàêèì ÷èíîì, ãîìîçèãîòíîìó ãåíîòèïó 
ÕÕ â³äïîâ³äàëè ôðàãìåíòè äîâæèíîþ 85, 97 òà 108 í. 
ï., RR – 85 ³ 205 í. ï.; RX – 4 ôðàãìåíòè (85, 97, 108, 
205 í. ï.). 

Àìïë³ô³êàòè ï³ñëÿ ðåñòðèêö³¿ ðîçä³ëÿëè â 2,5 % 
àãàðîçíîìó ãåë³, ùî ì³ñòèâ 10 ìêã/ìë áðîìèñòîãî 
åòèä³þ. ÄÍÊ ï³ñëÿ ãîðèçîíòàëüíîãî åëåêòðîôîðåçó 
(160 V ïðîòÿãîì 40 õâ) â³çóàë³çóâàëè çà äîïîìîãîþ 
òðàíñ³ëþì³íàòîðó (“Á³îêîì”, Ðîñ³ÿ) òà â³äåîñèñòåìè 
ViTran (Ðîñ³ÿ). Â³ðîã³äí³ñòü â³äì³ííîñòåé ó ðîçïîä³ë³ 
âèá³ðîê âèçíà÷àëè çà êðèòåð³ºì c2. Çíà÷åííÿ Ð < 0,05 
ââàæàëè äîñòîâ³ðíèì. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Àíàë³ç àëåëüíèõ âàð³àíò³â ²/D ïîë³ìîðô³çìó 

ãåíó ÀÑÅ â ïîïóëÿö³¿ óêðà¿íñüêèõ ñïîðòñìåí³â. 
Õî÷à I/D ïîë³ìîðô³çì ãåíó ÀÑÅ º îäíèì ³ç íàéá³ëüø 
âèâ÷åíèõ, ñåðåä ïîë³ìîðô³çì³â òèõ ãåí³â, á³ëêîâ³ ïðî-
äóêòè ÿêèõ ïðèéìàþòü ó÷àñòü ó ïðîöåñàõ àäàïòàö³¿ äî 
ô³çè÷íèõ íàâàíòàæåíü, ïðîòå äàí³ ïðî éîãî çíà÷åí-
íÿ ÿê ìîëåêóëÿðíî-ãåíåòè÷íîãî ìàðêåðà ñõèëüíîñò³ 
äî ð³çíèõ âèä³â ñïîðòó, º ñóïåðå÷ëèâèìè. Êð³ì òîãî, 
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çàãàëüíîïðèéíÿòèì ââàæàºòüñÿ ïîëîæåííÿ, ùî â 
êîæí³é ïîïóëÿö³¿ º íàö³îíàëüí³ òà åòí³÷í³ îñîáëèâîñ-
ò³, ÿê³ ìîæóòü çì³íþâàòè ³íòåðïðåòàö³þ òà çíà÷åííÿ 
ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â [1]. Òîìó ìè ïðî-
âåëè ãåíîòèïóâàííÿ çà äàíèì ïîë³ìîðô³çìîì ³ â óêðà-
¿íñüê³é ïîïóëÿö³¿, ³ â ãðóïàõ ñïîðòñìåí³â ð³çíèõ âèä³â 
ñïîðòó. 

Ãåíîòèïóâàííÿ äîçâîëèëî íàì âñòàíîâèòè ïî-
øèðåí³ñòü â óêðà¿íñüê³é ïîïóëÿö³¿ àëåëüíèõ âàð³àíò³â 
îäíîãî ç íàéá³ëüø âèâ÷åíèõ ïîë³ìîðô³çì³â, ùî ñòî-
ñóþòüñÿ ãåí³â, ÿê³ ïðèéìàþòü ó÷àñòü ó àäàïòàö³éíèõ 
ðåàêö³ÿõ äî ô³çè÷íèõ íàâàíòàæåíü. Çà íàøèìè äàíè-
ìè, ÷àñòîòà çóñòð³÷³ I/I, I/D, D/D ãåíîòèï³â ñêëàäàº 29; 
51,1; òà 19,8 % â³äïîâ³äíî. Îòðèìàíèé ðîçïîä³ë ÷àñ-
òîò â³äïîâ³äàº ð³âíîâàç³ Õàðä³-Âàéíáåðãà ( Ð = 0,946). 

Ðåçóëüòàòè ãåíîòèïóâàííÿ ñïîðòñìåí³â ïðåäñòàâ-
ëåí³ â òàáëèö³ 1. 

Â çàãàëüí³é ãðóï³ ñïîðòñìåí³â (n = 238) ÷àñòîòà çó-
ñòð³÷³ I/I-, I/D-, D/D-ãåíîòèï³â ñêëàäàëà 26,2; 47,2; òà 
26,6 % â³äïîâ³äíî, à ÷àñòîòà D-àëåëÿ ñêëàäàëà 0,51. 
ßê áà÷èìî, â ãðóï³ ñïîðòñìåí³â ÷àñòîòà ð³äê³ñíîãî 
àëåëÿ äåùî âèùà, àëå â³äì³íí³ñòü â³ä êîíòðîëüíî¿ 
ãðóïè íå â³ðîã³äíà (ð = 0,3). 

Ó âñ³õ ãðóïàõ îáñòåæåíèõ ïåðåâàæàþòü îñîáè ç I/D 
-ãåíîòèïîì, àëå ¿õ íàéá³ëüøèé â³äñîòîê çíàõîäèòüñÿ 
ó êîíòðîëüí³é ãðóï³. Íàéâèùà ÷àñòîòà çóñòð³÷³ I/I – ãå-
íîòèïó òà I- àëåëÿ ñïîñòåð³ãàëàñü â êîíòðîëüí³é ãðóï³. 
Ñåðåä ñïîðòñìåí³â, íàéâèùîþ ÷àñòîòîþ I- àëåëÿ õà-
ðàêòåðèçóâàëèñÿ îñîáè, ÿê³ ñïåö³àë³çóþòüñÿ â âèäàõ 
ñïîðòó íà âèòðèâàë³ñòü, íàéìåíøîþ – ò³, ùî ñïåö³àë³-
çóþòüñÿ â âèäàõ ñïîðòó ç ïîºäíàííÿì âèòðèâàëîñò³ òà 
ñèëè. ×àñòîòà çóñòð³÷³ D/D òà D-àëåëÿ ïåðåâàæàëà â 
ãðóï³ ñïîðòñìåí³â, ÿê³ ñïåö³àë³çóþòüñÿ â âèäàõ ñïîðòó 
ç ïîºäíàííÿì ñèëè òà âèòðèâàëîñò³, àëå â³ðîã³äí³ â³ä-
ì³ííîñò³ â³ä êîíòðîëüíî¿ ãðóïè ñïîñòåð³ãàëèñÿ â ãðóï³ 
ñïîðòñìåí³â, ÿê³ ñïåö³àë³çóþòüñÿ â øâèäê³ñíî-ñèëî-
âèõ âèäàõ ñïîðòó. Â ö³é ãðóï³ ÷àñòîòà D-àëåëÿ ñêëàäà-
ëà 0,514, ùî íà 13,2 % âèùå â³ä àíàëîã³÷íî¿ âåëè÷èíè â 

êîíòðîëüí³é ãðóï³ (ð = 0,024) (ðèñ. 
1). Òàêèì ÷èíîì, íàø³ ðåçóëüòà-
òè ï³äòâåðäæóþòü, ùî D-àëåëü º 
ñïðèÿòëèâèì äëÿ ñïîðòñìåí³â, ùî 
çàéìàþòüñÿ øâèäê³ñíî-ñèëîâèìè 
âèäàìè ñïîðòó. 

Äëÿ âñòàíîâëåííÿ âàæëèâîñò³ 
² àëåë³ äëÿ ñïîðòñìåí³â âèä³â 
ñïîðòó ç ïåðåâàæàííÿì ðîçâèòêó 
âèòðèâàëîñò³ ìè ïðîâåëè àíàë³ç 
÷àñòîòè çóñòð³÷³ ö³º¿ àëåë³ â ãðó-
ïàõ ï³äãðóïàõ ñïîðòñìåí³â ð³çíèõ 
âèä³â ñïîðòó ç ïåðåâàæàííÿì 
âèòðèâàëîñò³. Ó íàéá³ëüø ÷èñåëü-
íèõ âèá³ðêàõ ñïîðòñìåí³â ðîçïîä³ë 
àëåëüíèõ âàð³àíò³â ãåíó ÀÑÅ ñêëà-
äàâ: I/I – 28,1 %; I/D – 48,4 %; D/D 
– 23,4 % (àêàäåì³÷íå âåñëóâàí-
íÿ) òà 25; 50; 25 % (ëèæí³ ãîíêè). 
Â³ðîã³äíî¿ ð³çíèö³ ì³æ ðîçïîä³ëàìè 
ó öèõ âèá³ðêàõ íå ñïîñòåð³ãàëîñü, 
õî÷à ó ïîð³âíÿíí³ ç êîíòðîëü-
íîþ ãðóïîþ ñïîñòåð³ãàºòüñÿ íå-
çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ D/D 

Òàáëèöÿ 1

Ðîçïîä³ë àëåëüíèõ âàð³àíò³â I/D ïîë³ìîðô³çìó ãåíó ÀÑÅ 
â ãðóïàõ ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó òà êîíòðîëüí³é 

ãðóï³ (n = 567)

Ãðóïà

Ñïîðòñìåíè, 
ÿê³ ñïåö³àë³-

çóþòüñÿ 
â âèäàõ 

ñïîðòó íà 
âèòðèâàë³ñòü

Ñïîðòñìåíè, ÿê³ 
ñïåö³àë³çóþòüñÿ 

â øâèäê³ñíî-
ñèëîâèõ âèäàõ 

ñïîðòó

Ñïîðòñìåíè, ÿê³ 
ñïåö³àë³çóþòüñÿ 
â âèäàõ ñïîðòó, 
ùî âèìàãàþòü 

ïîºäíàííÿ 
âèòðèâàëîñò³ 

òà ñèëè

Êîíòðîëüíà 
ãðóïà

Ãåíîòèï  %

I/I 26,5 25,9 23,9 25,1

I/D 48,2 45,4 43,5 53,0

D/D 25,3 28,7 32,6 21,9

×àñòîòà 
D-àëåëÿ

0,494 0,514 0,543 0,484

n 85 110 46 326

Ð
1

0,503 0,04* 0,166 -

Ð
2

- 0,491 0,715 -

Ïðèì³òêà: ð
1
 – ó ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ; Ð

2
 – ó ïîð³âíÿíí³ ç³ ñïîðòñìåíàìè íà 

âèòðèâàë³ñòü; * – â³ðîã³äí³ â³äì³ííîñò³ ó ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ çà c2-êðèòåð³ºì. 

Ðèñ. 1. ×àñòîòà D- àëåëÿ I/D ïîë³ìîðô³çìó ãåíó ÀÑÅ 
ó ãðóïàõ ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó 

òà êîíòðîëüí³é ãðóï³. 

Ïðèì³òêè: 1– ãðóïà ñïîðòñìåí³â, ùî ñïåö³àë³çóþòüñÿ ó øâèäê³ñíî-

ñèëîâèõ âèäàõ ñïîðòó; 2 – ãðóïà ñïîðòñìåí³â, ùî ñïåö³àë³çóþòüñÿ ó 

âèäàõ ñïîðòó íà âèòðèâàë³ñòü; 3– çì³øàí³ âèäè ñïîðòó; 4 – êîíòðîëüíà 

ãðóïà; *– â³ðîã³äí³ â³äì³ííîñò³ ó ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ. 

ãåíîòèï³â. Ñåðåä ñïîðòñìåí³â øâèäê³ñíî-ñèëîâèõ 
âèä³â ñïîðòó ðîç ïîä³ë ìàâ ³íøó òåíäåíö³þ. 

Õî÷à â³äì³ííîñò³ ðîçïîä³ë³â ì³æ ï³äãðóïàìè ³ 
êîíòðîëüíîþ ãðóïîþ íå â³ðîã³äí³, ùî ìîæå áóòè 
ïîâ’ÿçàíî ç íåâèñîêîþ ê³ëüê³ñòþ ñïîðòñìåí³â, àëå 
÷àñòîòà D-àëåëÿ ïåðåâàæàº àíàëîã³÷íó âåëè÷èíó 
êîíòðîëüíî¿ ãðóïè ó ñïîðòñìåí³â âñ³õ ç ïðåäñòàâëåíèõ 
øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó. Òàê, ó ñïîðòñìåí³â, 
ÿê³ çàéìàþòüñÿ á³ãîì íà êîðîòê³ äèñòàíö³¿ ( ï³äãðóïà 
ë/à ñïðèíò) ÷àñòîòà D-àëåë³ íà 32,2 % ïåðåâèùóº ÷à-
ñòîòó ó êîíòðîëüí³é ãðóï³. 

Àíàë³ç ðåçóëüòàò³â çà êâàë³ô³êàö³ºþ ñïîðòñìåí³â 
äîçâîëèâ âñòàíîâèòè çàëåæí³ñòü ðîçïîä³ëó ãåíî òèï³â 
â³ä êâàë³ô³êàö³¿ ñïîðòñìåí³â ñåðåä âèä³â ñïîðòó ç ïå-
ðåâàæíèì ïðîÿâîì âèòðèâàëîñò³ (ðèñ. 2). Ç³ çðîñòàí-
íÿì ñïîðòèâíî¿ ìàéñòåðíîñò³ îáñòåæóâàíèõ ê³ëüê³ñòü 
ãåíîòèï³â I/I çá³ëüøóºòüñÿ (ÊÌÑ – 21,1 %; ÌÑ – 23,5 %; 
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ÌÑÌÊ– 33,3 % ), D/D, íàâïàêè, – çìåíøóºòüñÿ (ÊÌÑ 
– 31,6 %; ÌÑ – 29,4 %; ÌÑÌÊ– 16,7 %). Òàê, ð³çíèöÿ 
ó ÷àñòîò³ çóñòð³÷³ I/I ãåíîòèïó ñåðåä ñïîðòñìåí³â ç 
êâàë³ô³êàö³ºþ ÌÑÌÊ òà ÊÌÑ ñòàíîâèòü 12,2 %, à ó 
÷àñòîò³ çóñòð³÷³ ãåíîòèïó D/D – 14,9 %. ×àñòîòà àëåëÿ ² 
òàêîæ çá³ëüøóºòüñÿ ç³ çðîñòàííÿì êâàë³ô³êàö³¿. 

Àíàë³ç ðåçóëüòàò³â ïðîâåäåíîãî äîñë³äæåííÿ äî-
çâîëÿº íàì ñòâåðäæóâàòè, ùî D -àëåëü ñïðèÿº ðîç-
âèòêó øâèäêîñò³ òà ñèëè, I àëåëü ñïðèÿº ðîçâèòêó âè-
òðèâàëîñò³, òîìó â ÿêîñò³ ìîëåêóëÿðíî-ãåíåòè÷íîãî 
ìàðêåðà â âèäàõ ñïîðòó íà âèòðèâàë³ñòü ñë³ä âèêî-
ðèñòîâóâàòè I àëåëü I/D ïîë³ìîðô³çìó ãåíó ÀÑÅ. 

Àíàë³ç àëåëüíèõ âàð³àíò³â R/X ïîë³ìîðô³çìó 
ãåíó ÀÑTN3 â ïîïóëÿö³¿ óêðà¿íñüêèõ ñïîðòñìåí³â. 
Õî÷à äàíèé ïîë³ìîðô³çì íàëåæèòü äî ÷èñëà íàéá³ëüø 
âèâ÷åíèõ ïîë³ìîðô³çì³â â îáëàñò³ ñïîðòèâíî¿ ãåíå-
òèêè, äî ñüîãîäí³øíüîãî ìîìåíòó òî÷èòüñÿ ñóïåðå÷-
êà ïðî éîãî çíà÷åííÿ ÿê ìàðêåðà äëÿ ïðîãíîçóâàííÿ 
ñïîðòèâíî¿ óñï³øíîñò³. Àíàë³ç îñíîâíèõ òåíäåíö³é òà 
àñîö³àö³é ó âèâ÷åíí³ ôóíêö³îíàëüíîãî çíà÷åííÿ öüîãî 
ìàðêåðà ñâ³ä÷àòü ïðî òå, ùî R/R-ãåíîòèï º ñïðèÿòëè-
âèì äëÿ çàíÿòü øâèäê³ñíî-ñèëîâèìè âèäàìè ñïîðòó 
á³ëüø³ñòü äîñë³äíèê³â ïîãîäæóþòüñÿ [3, 5, 9]. Îñíîâíå 
ñï³ðíå ïèòàííÿ ïîëÿãàº â òîìó, ÷è º Õ àëåëü ñïðèÿòëè-
âèé äëÿ ðîçâèòêó âèòðèâàëîñò³, ÷è º íåñïðèÿòëèâèì 
äëÿ çàíÿòü áóäü-ÿêèì âèäîì? Ç îãëÿäó íà ñóïåðå÷-
ëèâ³ñòü ðåçóëüòàò³â äîñë³äæåíü, ïðîâåäåíèõ ó ð³çíèõ 
êðà¿íàõ ìè ïðîâåëè àíàë³ç ïîøèðåííÿ àëåëüíèõ âàð³-
àíò³â R/X ïîë³ìîðô³çìó ãåíó ÀÑTN3 ñåðåä óêðà¿íñüêèõ 
ñïîðòñìåí³â. Ó îñ³á, ùî íå çàéìàþòüñÿ ñïîðòîì ðîç-
ïîä³ë ãåíîòèï³â ñêëàäàâ: R/R – 36,9 %; R/X – 48,8 %; 
14,3 – 7,4 %. Ñåðåä ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó 
â³í ìàâ íàñòóïíèé âèãëÿä: R/R – 40,7 %; R/X – 54,8 %; 
X/X – 4,4 %. Ñåðåä ñïîðòñìåí³â ÷àñòîòà çóñòð³÷³ Õ- 
àëåëÿ ñòàíîâèëà 0, 318, òîä³,ÿê ó êîíòðîëüí³ ãðóï³ 
‒ 0,387. Â³äì³ííîñò³ ó ðîçïîä³ë³ ãåíîòèï³â â³ðîã³äí³ 
(ð = 0,035). 

Ïîä³ë ñïîðòñìåí³â íà ãðóïè çà õàðàêòåðîì ô³-
çè÷íèõ íàâàíòàæåíü íå âèÿâèâ ð³çíèöþ ó ÷àñòîò³ ïî-
øèðåííÿ ð³çíèõ ãåíîòèï³â â ãðóïàõ ñïîðòñìåí³â, ÿê³ 
ñïåö³àë³çóþòüñÿ â âèäàõ ñïîðòó íà âèòðèâàë³ñòü òà â 
øâèäê³ñíî-ñèëîâèõ âèäàõ ñïîðòó (òàáë. 2). 

Ó ñïîðòñìåí³â øâèäê³ñíî-ñèëîâèõ âèä³â ñïîð-
òó ÷àñòîòà çóñòð³÷³ ãåíîòèïó R/R íà 4,4 % âèùà, í³æ 
ó ñïîðòñìåí³â, ùî ñïåö³àë³çóþòüñÿ â âèäàõ ñïîðòó ç 
ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³. Ïðèñóòí³ñòü Õ- 
àëåëÿ íå ë³ì³òóº ô³çè÷íó ïðàöåçäàòí³ñòü ó âñ³õ âèäàõ 

ñïîðòó. Á³ëüø ÿñêðàâ³ â³äì³ííîñò³ ó ðîçïîä³ë³ ãåíîòè-
ï³â çà SNP R/X ó ãåí³ ÀÑTN3 âäàëîñÿ âñòàíîâèòè ï³ñëÿ 
ãåíîòèïóâàííÿ îòðèìàíèõ ðåçóëüòàò³â çà âèäàìè 
ñïîðòó. 

Ïîä³ë ñïîðòñìåí³â, ÿê³ ñïåö³àë³çóþòüñÿ ó âèäàõ 
ñïîðòó ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³ íà 
ï³äãðóïè çà âíåñêîì àåðîáíîãî êîìïîíåíòó â åíåð-
ãîçàáåçïå÷åííÿ çìàãàëüíî¿ ä³ÿëüíîñò³ äîçâîëèâ íàì 
âñòàíîâèòè, ùî ñåðåä ñïîðòñìåí³â òèõ âèä³â ñïîðòó, 
äå àåðîáíèé ìåõàí³çì çàáåçïå÷óº ìåíøå í³æ 75 % 
â³äíîâëåííÿ åíåðãîðåñóðñ³â, ÷àñò³øå çóñòð³÷àºòüñÿ 
Õ- àëåëü (íà 4,7 % ). Ñåðåä ñïîðòñìåí³â, ÿê³ çàéìà-
þòüñÿ âèäàìè ñïîðòó ç âíåñêîì àåðîáíîãî ìåõàí³çìó 
ðåñèíòåçó á³ëüøå í³æ 75 % ñïîðòñìåíè ç Õ/Õ -ãåíîòè-
ïîì â³äñóòí³ (ðèñ. 3). 

Íàéìåíøà ÷àñòîòà Õ-àëåëÿ ñïîñòåð³ãàëàñÿ ó 
ñïîðòñìåí³â, ùî ñïåö³àë³çóþòüñÿ ëåãêîàòëåòè÷íèõ 
ìåòàííÿõ òà ëåãêîàòëåòè÷íèõ ñòðèáêàõ. Íàø³ ðåçóëü-
òàòè ï³äòâåðäæóþòü, ùî R- àëåëü ãåíó ÀÑTN3 ñïðè-
ÿº ðîçâèòêó ÿêîñòåé íåîáõ³äíèõ äëÿ ïðîÿâó âèñîêî¿ 
ñïîðòèâíî¿ ïðàöåçäàòíîñò³ ó øâèäê³ñíî-ñèëîâèõ 
âèäàõ ñïîðòó. 

Êîìá³íîâàíèé àíàë³ç ÷àñòîò ãåíîòèï³â òà àëåëåé 
äâîõ ïîë³ìîðô³çì³â âèÿâèâ, ùî íàéá³ëüø ïîøèðåíîþ 
â óñ³õ ãðóïàõ º êîìá³íàö³ÿ I/D- R/X ãåíîòèï³â. ×àñòîòà 
ö³º¿ êîìá³íàö³¿ â ãðóïàõ íå â³äð³çíÿºòüñÿ. 

Ðèñ. 2. Ðîçïîä³ë ãåíîòèï³â ïî ãåíó ÀÑÅ ó ñïîðòñìåí³â ð³çíî¿ êâàë³ô³êàö³¿, ÿê³ çàéìàþòüñÿ âèäàìè ñïîðòó 
ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³ Ïðèì³òêà: À – ñïîðòñìåíè ç êâàë³ô³êàö³ºþ ìàéñòðè ñïîðòó Óêðà¿íè 

ì³æíàðîäíîãî êëàñó; Â – ñïîðòñìåíè ç êâàë³ô³êàö³ºþ ìàéñòðè ñïîðòó Óêðà¿íè; 
Ñ – ñïîðòñìåíè ç êâàë³ô³êàö³ºþ êàíäèäàòè ó ìàéñòðè ñïîðòó. 

Òàáëèöÿ 2
Ðîçïîä³ë àëåëüíèõ âàð³àíò³â R/X ïîë³ìîðô³ç-

ìó ãåíó ÀÑTN3 ó ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó

Ãåíîòèï

Ñïîðòñìåíè, ÿê³ 
ñïåö³àë³çóþòüñÿ 
â âèäàõ ñïîðòó 

íà âèòðèâàë³ñòü

Ñïîðòñìåíè, 
ÿê³ ñïåö³àë³çó-
þòüñÿ â øâèä-
ê³ñíî-ñèëîâèõ 
âèäàõ ñïîðòó

Êîíòðîëü-
íà ãðóïà

n  % n  % n  %

R/R 17 37,8 38 42,2 31 36,9

R/X 27 60 47 52,2 41 48,8

X/X 1 2,2 5 5,6 12 14,3

×àñòîòà 
Õ- àëåëÿ

0,322 0,317 0,387

Çàãàëüíà 
ê³ëüê³ñòü

45 90 84

Ð
1

0,08 0,149 1

Ð
2

0,56 1

Ïðèì³òêà: Ð
1 
– ó ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ; Ð

2
 – ó ïîð³âíÿíí³ 

ç³ ñïîðòñìåíàìè íà âèòðèâàë³ñòü. 

À Â Ñ
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Êîíòðîëüíà ãðóïà â³äð³çíÿëàñÿ â³ä ³íøèõ âèñîêîþ 
÷àñòîòîþ êîìá³íàö³é I/I – Õ/Õ òà I/D -X/X. ×àñòîòà I/I 
– Õ/Õ íà 5 % âèùå, í³æ â ãðóï³ ñïîðòñìåí³â øâèäê³ñ-
íî-ñèëîâèõ âèä³â ñïîðòó. Â ãðóïàõ ñïîðòñìåí³â íà âè-
òðèâàë³ñòü òà çì³øàíèõ âèä³â ñïîðòó òàêà êîìá³íàö³ÿ 
ãåíîòèï³â â³äñóòíÿ. 

Ñïîðòñìåíè øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó õà-
ðàêòåðèçóþòüñÿ á³ëüø âèñîêîþ ÷àñòîòîþ êîìá³íàö³é 
I/I – R/R. Ñïîðòñìåíè, ùî ñïåö³àë³çóþòüñÿ ó âèäàõ 
ñïîðòó ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³ ìàþòü 
íàéâèùó ÷àñòîòó ãåíîòèïó I/I -R/X ñåðåä ãðóï (íà 5 % 
âèùå í³æ ó ³íøèõ ãðóïàõ). 

Â ãðóï³ ñïîðòñìåí³â çì³øàíèõ âèä³â ñïîðòó íàéâè-
ùà ñåðåä ãðóï ÷àñòîòà êîìá³íàö³¿ D/D – R/R (íà 7 ³ 8 % 

âèùå, í³æ â êîíòðîëüí³é ãðóï³ òà 
ãðóï³ âèòðèâàëîñò³)(òàáë. 3). 

Ñõîæ³ äîñë³äæåííÿ âæå ïðî-
âîäèëèñÿ íà âèá³ðêàõ ñïîðòñìå-
í³â ³íøèõ êðà¿í. Òàê, íàïðèêëàä, 
áóëî ïîêàçàíî, ùî äëÿ ³çðà¿ëü-
ñüêèõ á³ãóí³â íà êîðîòê³ äèñòàíö³¿ 
º íàéá³ëüø ñïðèÿòëèâèìè íà-
ñòóïí³ êîìá³íàö³¿: ãåíîòèïó RR+ I 
àëåëü òà ãåíîòèïó II+ R-àëåëü [6]. 

Òàêèì ÷èíîì, õî÷à â³äì³ííîñò³ 
ì³æ ãðóïàìè çà ÷àñòîòîþ 9 êîì-
á³íàö³é ãåíîòèï³â íåçíà÷í³, àëå 
âîíè íîñÿòü õàðàêòåð òåíäåí-
ö³¿, ùî ñâ³ä÷èòü ïðî âàæëèâ³ñòü 
²-àëåëÿ äëÿ ðîçâèòêó âèòðèâà-
ëîñò³, R – äëÿ øâèäê³ñíî-ñèëîâèõ 
çä³áíîñòåé, Õ- àëåëü – º íàéá³ëüø 
íåñïðèÿòëèâèé äëÿ ð³çíèõ âèä³â 
ñïîðòó. Ñïåöèô³êà âèäó ñïîðòó 
ñòàâèòü ñâî¿ âèìîãè äî ðîçâèòêó 

Ðèñ. 3. Ðîçïîä³ë àëåëüíèõ âàð³àíò³â R/X ïîë³ìîðô³çìó ãåíó ÀÑTN3 ñåðåä âè-
ä³â ñïîðòó ç ð³çíèì âíåñêîì àåðîáíîãî ìåõàí³çìó ðåñèíòåçó åíåðã³¿. 

Ïðèì³òêà: À – âèäè ñïîðòó ç âíåñêîì àåðîáíîãî ìåõàí³çìó ðåñèíòåçó äî 75 %; Â – âèäè ñïîðòó 

ç âíåñêîì àåðîáíîãî ìåõàí³çìó ðåñèíòåçó á³ëüøå 75 %. 

Òàáëèöÿ 3

×àñòîòà çóñòð³÷³ êîìá³íàö³é ãåíîòèï³â çà 
äâîìà ïîë³ìîðô³çìàìè, %

Ãåíîòèï

Ñïîðòñìå-
íè øâèä-
ê³ñíî-ñè-

ëîâèõ âèä³â 
ñïîðòó

Ñïîðòñ-
ìåíè âèä³â 

ñïîðòó ç 
ïåðåâàæíèì 
ðîçâèòêîì 

âèòðèâàëîñò³

Ñïîðòñ-
ìåíè 

çì³øàíèõ 
âèä³â 

ñïîðòó

Êîíòð-
îëüíà 
ãðóïà

D/D – R/R 11 9 16 8

D/D – R/X 15 15 11 10
D/D -Õ/X 2 0 3 2
I/D- R/X 25 27 24 26
I/D -R/R 17 21 24 17
I/D -X/X 3 1 3 5
I/I -R/R 13 9 8 12
I/I -R/X 13 18 13 13
I/I – Õ/Õ 2 0 0 7

ô³çè÷íèõ ÿêîñòåé, à îòæå âèìàãàº ïîºäíàííÿ íàé-
á³ëüø ñïðèÿòëèâèõ ãåíîòèï³â. Òîìó, äîö³ëüíèì ââàæà-
ºìî âèçíà÷àòè ñïðèÿòëèâó êîìá³íàö³þ ïîë³ìîðô³çì³â 
ãåí³â äëÿ îêðåìèõ âèä³â ñïîðòó. 

Âèñíîâêè. 
1. ×àñòîòà D-àëåëÿ I/D ïîë³ìîðô³çìó ãåíó ÀÑÅ â 

ãðóï³ ñïîðòñìåí³â øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó 
íà 13,2 % (ð = 0,024) âèùå â³ä ÷àñòîòè â êîíòðîëüí³é 
ãðóï³, ùî ñâ³ä÷èòü ïðî òå, ùî D-àëåëü º ñïðèÿòëèâèì 
äëÿ ðîçâèòêó òèõ ô³çè÷íèõ ÿêîñòåé, ùî çàáåçïå÷óþòü 
âèñîêó ô³çè÷íó ïðàöåçäàòí³ñòü ó öèõ âèäàõ ñïîðòó. 

2. ×àñòîòà R- àëåëÿ ãåíó ÀÑTN3 íàéâèùîþ º â 
ãðóï³ ñïîðòñìåí³â øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó, 
ùî ñâ³ä÷èòü ïðî éîãî ñïðèÿííÿ ðîçâèòêó ÿêîñòåé íå-
îáõ³äíèõ äëÿ ïðîÿâó âèñîêî¿ ñïîðòèâíî¿ ïðàöåçäàò-
íîñò³ ó øâèäê³ñíî-ñèëîâèõ âèäàõ ñïîðòó. 

3. Êîìïëåêñíèé àíàë³ç êîìá³íàö³é ïîë³ìîðô³ç-
ì³â äâîõ ãåí³â âèÿâèâ â³äì³ííîñò³ ó ðîçïîä³ë³ ÷àñòîò 
êîìá³íàö³é ãåíîòèï³â ñïîðòñìåí³â ð³çíèõ ãðóï. Âñòà-
íîâëåíî, ùî ñïîðòñìåíè, ÿê³ ñïåö³àë³çóþòüñÿ ó âèäàõ 
ñïîðòó ç ïåðåâàæíèì ðîçâèòêîì âèòðèâàëîñò³ â³äð³ç-
íÿþòüñÿ ï³äâèùåíîþ ÷àñòîòîþ êîìá³íàö³¿ ãåíîòèï³â 
I/I -R/X, øâèäê³ñíî-ñèëîâèõ âèä³â ñïîðòó ─ I/I – R/R, 
à ñïîðòñìåíè çì³øàíèõ âèä³â ñïîðòó ─ êîìá³íàö³¿ D/D 
– R/R. 

Ïîäàëüø³ äîñë³äæåííÿ, ñïðÿìîâàí³ çá³ëüøåííÿ 
ê³ëüêîñò³ ãåí³â-êàíäèäàò³â òà àíàë³çó âèá³ðîê îêðåìèõ 
âèä³â ñïîðòó, äîçâîëÿòü âèçíà÷èòè íàéá³ëüø ñïðèÿò-
ëèâ³ êîìá³íàö³é ïîë³ìîðô³çì³â ãåí³â, ùî äîçâîëèòü 
âäîñêîíàëþâàòè ïðîöåñè, ÿê ñïîð     òèâíîãî äîáîðó, òàê 
³ êîðåêö³þ òðåíóâàëüíîãî ïðîöåñó ñïîðòñìåí³â. 
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ÊÎÌÏËÅÊÑÍÈÉ ÀÍÀË²Ç ÏÎË²ÌÎÐÔ²ÇÌ²Â ÃÅÍ²Â ÀÍÃ²ÎÒÅÍÇÈÍÏÅÐÅÒÂÎÐÞÞ ×ÎÃÎ ÔÅÐÌÅÍÒÓ ² 

Α-ÀÊÒÈÍ²ÍÓ 3 ÏÐÈ ÂÈÇÍÀ×ÅÍÍß ÑÕÈËÜÍÎÑÒ² ÄÎ ÐÎÇÂÈÒÊÓ Ô²ÇÈ×ÍÈÕ ßÊÎÑÒÅÉ
Äðîçäîâñüêà Ñ. Á. 
Ðåçþìå. Ç ìåòîþ äîñë³ äèòè ÷àñòîòó çóñòð³÷³ àëåëåé òà ãåíîòèï³â ãåí³â òà ¿õ êîìá³íàö³¿ â ãðóïàõ óêðà¿íñüêèõ 

ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó ïð îâåäåíî êîìïëåêñíèé àíàë³ç ÷àñòîòè àëåëåé òà ãåíîòèï³â I/D ïîë³ìîðô³ç-
ìó ãåíó àíã³îòåíçèíïåðåòâîðþþ÷îãî ôåðìåíòó (ACE) òà R/X ïîë³ìîðô³çìó ãåíó α–àêòèí³íó 3 (ACTN3) ñåðåä 
ñïîðòñìåí³â ³  îñ³á, ÿê³ íå çàéìàþòüñÿ ñïîðòîì. Â îáñòåæåíí³ ïðèéíÿëî ó÷àñòü 567 îñ³á, ç íèõ 284 êâàë³ô³êîâà-
íèõ ñïîðòñìåíè òà 283 îñîáè êîíòðîëüíî¿ ãðóïè. Ïîë³ìîðô³çìè âèçíà÷àëè ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ 
ðåàêö³¿ ç íàñòóïíèì âèçíà÷åííÿì äîâæèíè ðåñò ðèêö³é íèõ ôðàãìåíò³â. Âñòàíîâëåíî ÷àñòîòó ïîîäèíîêî¿ çóñòð³-
÷³ àëåëåé òà ãåíîòèï³â âêàçàíèõ ïîë³ìîðô³çì³â. Äîâåäåíî, ùî D-àëåëü ãåíó ACE òà R – àëåëü ãåíó ACTN3 º ñïðè-
ÿòëèâèìè äëÿ ðîçâèòêó âèñîêî¿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ó øâèäê³ñíî- ñèëîâèõ âèäàõ ñïîðòó. Âèÿâèëè êîìá³íàö³¿ 
ãåíîòèï³â äâîõ ïîë³ìîðô³çì³â, ùî íàé÷àñò³øå çóñòð³÷àþòüñÿ ó ñïîðòñìåí³â ð³çíèõ âèä³â ñïîðòó. 

Êëþ÷îâ³ ñëîâà: ïîë³ìîðô³çì ãåí³â, ÀÑÅ, ACTN3, ñïîðò, ñïîðòèâíèé äîá³ð, ìîëåêóëÿðíî-ãåíåòè÷í³ ìàðêå ðè
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ÊÎÌÏËÅÊÑÍÛÉ ÀÍÀËÈÇ ÏÎËÈÌÎÐÔÈÇÌÎÂ ÃÅÍÎÂ ÀÍÃÈÎÒÅÍÇÈÍÏÐÅÂÐÀÙÀÞÙÅÃÎ ÔÅÐ-

ÌÅÍÒÀ È Α-ÀÊÒÈÍÈÍÀ 3 ÏÐÈ ÎÏÐÅÄÅËÅÍÈÈ ÏÐÅÄÐÀÑÏÎËÎÆÅÍÍÎÑÒÈ Ê ÐÀÇÂÈÒÈÞ ÔÈÇÈ×ÅÑÊÈÕ 
ÊÀ×ÅÑÒÂ

Äðîçäîâñêàÿ Ñ. Á. 
Ðåçþìå. Ñ öåëüþ èññëåäîâàòü ÷àñòîòó âñòðå÷è àëëåëåé è ãåíîòèïîâ ãåíîâ è èõ êîìáèíàöèè â ãðóïïàõ óêðà-

èíñêèõ ñïîðòñìåíîâ ðàçëè÷íûõ âèäîâ ñïîðòà ïðîâåäåí êîìïëåêñíûé àíàëèç ÷àñòîòû àëëåëåé è ãåíîòèïîâ I/D 
ïîëèìîðôèçìà ãåíà ÀÑÅ (ACE)  è R/X ïîëèìîðôèçìà ãåíà α – àêòèíèíà 3 (ACTN3) ó ñïîðòñìåíîâ è ëèö, íå çàíè-
ìàþùèõñÿ ñïîðòîì. Â îáñëåäîâàíèè ïðèíÿëè ó÷àñòèå 567 ÷åëîâåê, èç íèõ 284 êâàëèôèöèðîâàííûõ ñïîðòñìå-
íà è 28 3 ÷åëîâåêà êîíòðîëüíîé ãðóïïû. Ïîëèìîðôèçìû îïðåäåëÿëè ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè 
ñ ïîñëåäóþùèì îïðåäåëåíèåì äëèíû ðåñòðèêöèîííûõ ôðàãìåíòîâ. Óñòàíîâëåíà ÷àñòîòà âñòðå÷è àëëåëåé è 
ãåíîòèïîâ óêàçàííûõ ïîëèìîðôèçìîâ. Äîêàçàíî, ÷òî D-àëëåëü ãåíà ACE è R – àëëåëü ãåíà ACTN3 ñïîñîáñòâó-
þò ðàçâèòèþ âûñîêîé ôèçè÷åñêîé ðàáîòîñïîñîáíîñòè â ñêîðîñòíî-ñèëîâûõ âèäàõ ñïîðòà. Îïðåäåëåíû êîì-
áèíàöèè ãåíîòèïîâ äâóõ ïîëèìîðôèçìîâ ÷àñòî âñòðå÷àþùèõñÿ ó ñïîðòñìåíîâ ðàçëè÷íûõ âèäîâ ñïîðòà. 

Êëþ÷åâûå ñëîâà: ïîëèìîðôèçì ãåíîâ, ÀÑÅ, ACTN3, ñïîðò, ñïîðòèâíûé îòáîð, ìîëåêóëÿðíî-ãåíåòè÷åñ-
êèå ìàðêåðû. 
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Complex Analysis of Gene Polymorphisms of Angiotensin-Converting Enzyme and α-Actinin 3 in 

Determining the Predisposition to the Development of Physical Skills
Drozdovska S. B. 
Abstract. Genetic factors has a great influence over several phenotype traits related to physical performance 

and training response as well as to elite athletic status, such as strength, power, endurance, muscle fibre size and 
composition, flexibility, neuromuscular coordination, temperament and other phenotypes. Despite the fact that today 
an association of sports performance of molecular genetic markers is established, which list contains more than 200 
SNPs, but during repeated studies in different conditions, not all results are repeated. The lack of patients, the use of 
non-objective criteria for determining the physical traits, indirect methods, the impact of population-specific factors 
(haplotypes, the interaction of gene-gene and gene-environment) require replication studie. The list of polymorphisms 
that are crucial for the development of physical qualities, due to pleiotropic action of genes includes polymorphisms of 
genes ACE and ACTN3. With a large number of publications issue is still controversial. 

In order to investigate the frequency of alleles and genotypes of the genes and their combinations in groups 
of Ukrainian athletes in various sports a comprehensive analysis of the frequency of alleles and genotypes of I/D 
polymorphism of angiotensin-converting enzyme gene (ACE) and R/X polymorphism gene α – actinin 3 (ACTN3) 
among athletes and people who are not involved in sports was conducted. 

In total, 284 Ukraininan athletes (65 elite athletes, 127 sub-elite athletes and 18 non-elite athletes) were recruited 
from the endurance-oriented (n = 85; cross-country skiers, rowers), power and strength-oriented (n = 46) and power-
oriented (n = 110; short distance runners, short distance swimmers, jumpers, throwers) sports. Controls were 326 
healthy unrelated Ukrainians without any competitive sport experience. Molecular genetic analysis was performed 
with DNA samples obtained from epithelial mouth cells using a DiatomTM DNA Prep kit according to the manufacturer’s 
instruction (Biokom, Russia). Genotyping for 2 gene polymorphisms was performed by PCR and restriction enzyme 
digestion. 

The frequency of alleles and genotypes of these polymorphisms was observed. There were proved that the D-allele 
of ACE gene and R – allele of the gene ACTN3 are favorable for the development of high physical performance of 
power-oriented sports. D-allele frequency of I/D polymorphism of ACE gene in a group of athletes power- oriented 
sports by 13,2 % (p = 0,024) higher than the rate in the control group. Among the athletes who are involved in the 
running for short distances D-allele frequency is 32,2 % higher than the rate in the control group. The dependence 
of the distribution of genotypes on skills among endurance-oriented athletes consists in the fact that an increase 
sports skills leads to increases a number of I/I genotypes, D/D on the contrary is reduced. Thus, the difference of the 
frequency of I/I genotype between elite athletes and sub-elite athletes is 12,2 %, while the difference of frequency of 
genotype D/D – 14,9 %. 

R- allele gene frequency ACTN3 is highest in the group of athletes is speed-strength sports. There were established 
that in the power- oriented athletes R/R genotype frequency was 4,4 % higher than in endurance-oriented athletes. 
The combinations of genotypes of the two SNPs that are most often occurring in athletes in various kinds of sports 
were determined. We found that endurance-oriented athletes have a high frequency of combination of genotypes I/I 
-R/X, speed-strength sports ─ I/I – R/R, and mixed sports athletes ─ combination D/D – R/R. 

Keywords: gene polymorphism, ÀÑÅ , ACTN3, sport, sports selection, molecular genetic markers. 
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