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Âñòóï
Êàáà÷îê (Cucurbita pepo L.) º îâî÷åâîþ êóëü-

òóðîþ ðîäèíè Cucurbitaceae, ÿêó øèðîêî âè-
êîðèñòîâóþòü â óñüîìó ñâ³ò³ äëÿ ä³ºòè÷íîãî ³ 
äèòÿ÷îãî õàð÷óâàííÿ, ÿê ñèðîâèíó äëÿ êîí-
ñåðâíî¿ ïðîìèñëîâîñò³, ó êîðìîâèõ òà ë³êó-
âàëüíî-ïðîô³ëàêòè÷íèõ ö³ëÿõ [1–2]. Çá³ëü-
øåííÿ ñîðòèìåíòó ñîðò³â ³ ã³áðèä³â êóëüòóðè 
ñüîãîäí³ çàëåæèòü â³ä óñï³õ³â ãåíåòèêî-ñåëåê-

ö³éíèõ äîñë³äæåíü. Çîêðåìà âïðîâàäæåííÿ 
äîñÿãíåíü ìîëåêóëÿðíî¿ ãåíåòèêè äîçâîëÿòü 
ïðîâîäèòè ³äåíòèô³êàö³þ ³ ïàñïîðòèçàö³þ ãå-
íî òèï³â, âåñòè ìàðêåð-àñîö³éîâàíó ñåëåêö³þ, 
ùî ñïðèÿòèìå ïðèñêîðåííþ ñåëåêö³éíîãî 
ïðîöåñó, ï³äâèùåííþ éîãî åôåêòèâíîñò³ òà 
ðîçøèðåííþ ãåíîôîíäó êóëüòóðè [3–6].

Ó ñó÷àñíèõ óìîâàõ ìîëåêóëÿðíî-ãåíåòè÷-
íèé àíàë³ç ç âèêîðèñòàííÿì ð³çíèõ òèï³â 
ÄÍÊ-ìàðêåð³â º ïîòóæíèì ìåòîäîì âèâ÷åí-
íÿ ãåíåòè÷íîãî ð³çíîìàí³òòÿ, ô³ëîãåíåçó òà 
ðåàë³çàö³¿ ð³çíèõ ñåëåêö³éíèõ ³ ãåíåòè÷íèõ 
ïðîãðàì ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð [7, 
8]. Îäíàê ó êàáà÷êà áàãàòî ïèòàíü ç ìîëåêó-
ëÿðíî¿ ãåíåòèêè çàëèøàþòüñÿ íåäîñòàòíüî 
âèâ÷åíèìè. Á³ëüø³ñòü àâòîð³â âèêîðèñòîâó-
þòü ð³çí³ òèïè ìàðêåð³â äëÿ âèâ÷åííÿ ãåíå-
òè÷íîãî ïîë³ìîðô³çìó êàáà÷êà ð³çíîãî ïî-
õîäæåííÿ [9, 10]. A. Xanthopoulou  ç³ ñï³âàâ-
òîðàìè [11] ïðè àíàë³ç³ ãåíåòè÷íîãî ð³çíî-
ìàí³òòÿ êàáà÷êà ãðåöüêî¿ ñåëåêö³¿ ïîêàçàëè 
åôåêòèâí³ñòü çàñòîñóâàííÿ SCoT (Start 
codon targeted, ö³ëüîâèé ñòàðòîâèé êîäîí) ³ 
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Ìåòà. Âèÿâèòè ãåíåòè÷íèé ïîë³ìîðô³çì òà äèâåðãåíö³þ ñîðò³â ³ ã³áðèä³â êàáà÷êà (C. pepo L.) ð³çíîãî ãåîãðàô³÷íîãî 
ïîõîäæåííÿ çà ISSR ìàðêåðàìè. Ìåòîäè. Äëÿ îö³íêè ãåíåòè÷íîãî ïîë³ìîðô³çìó 2 9 ñîðò³â ³ ã³áðèä³â C. pepo L. ð³çíîãî 
ïîõîäæåííÿ âèêîðèñòîâóâàëè ISSR àíàë³ç. Êîåô³ö³ºíò ïîä³áíîñò³ ì³æ äîñë³äæóâàíèìè çðàçêàìè êàáà÷êà âèçíà÷àëè 
çà ôîðìóëîþ Nei–Li.  Ðîçðàõóíîê êîåô³ö³ºíò³â ïîä³áíîñò³ òà ïîáóäóâàííÿ ô³ëîãåíåòè÷íîãî äåðåâà çä³éñíþâàëè çà 
äîïîìîãîþ ïàêåòó ïðîãðàì Phylip-3.69. Êëàñòåðíèé àíàë³ç ïðîâîäèëè ìåòîäîì ïðèºäíàííÿ ñóñ³ä³â (Neighbor-joining). 
Äîñòîâ³ðí³ñòü ãðóïóâàííÿ çðàçê³â ó êëàñòåðè ïåðåâ³ðÿëè ìåòîäîì áóòñòðåï-àíàë³çó. Ðåçóëüòàòè. Âèêîðèñòàííÿ 13 
ïðàéìåð³â äî ì³æì³êðîñàòåë³òíèõ ä³ëÿíîê äîçâîëèëî âèÿâèòè 129 ëîêóñ³â ÄÍÊ êàáà÷êà, ñåðåä ÿêèõ 109 áóëè ïîë³ìîðô-
íèìè, 20 – ìîíîìîðôíèìè, 11 – óí³êàëüíèìè äëÿ ïåâíèõ çðàçê³â. Åëåêòðîôîðåãðàìè ïðîäóêò³â àìïë³ô³êàö³¿ äîñë³äíèõ 
çðàçê³â ð³çíèëèñÿ ê³ëüê³ñòþ ³ ðîçì³ðîì àìïë³êîí³â. Âèÿâëåíî âèñîêèé ïîë³ìîðô³çì ÄÍÊ äîñë³äíèõ çðàçê³â êàáà÷êà, 
ÿêèé âàð³þâàâ â³ä 62,5%  (ïðàéìåð UBC 810) äî 100% (ïðàéìåðè UBC 2, UBC 3 ³ UBC 846). Ð³âåíü ìîëåêóëÿðíî-ãåíåòè÷-
íîãî ïîë³ìîðô³çìó çðàçê³â êàáà÷êà âàð³þâàâ â³ä 55,8 äî 63,6% ó ã³áðèä³â ‘Rimini’ ³ ‘Eight Ball’ â³äïîâ³äíî. Âñòàíîâëåíî 
íèçüêó ãåíåòè÷íó äèâåðãåíö³þ ì³æ äîñë³äíèìè çðàçêàìè C. pepo L., êîåô³ö³ºíò ïîä³áíîñò³  çà  Nei–Li ñòàíîâèâ 0,0005–
0,0092. Çà äîïîìîãîþ êëàñòåðíîãî àíàë³çó çðàçêè êàáà÷êà áóëè çãðóïîâàí³ ó äâà êëàñòåðè. Îñíîâíèì êðèòåð³ºì êëàñòå-
ðèçàö³¿ áóâ ð³âåíü ãåíåòè÷íî¿ äèâåðãåíö³¿. Ãåîãðàô³÷íå ïîõîäæåííÿ çðàçê³â íå âïëèâàëî íà îñîáëèâîñò³ ¿õ ãðóïóâàííÿ. 
Âèñíîâêè. Çà ðåçóëüòàòàìè âèâ÷åííÿ çðàçê³â êàáà÷êà ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ çà äîïîìîãîþ ISSR àíàë³çó 
âñòàíîâëåíî âèñîêèé ãåíåòè÷íèé ïîë³ìîðô³çì ³ íåçíà÷íà ãåíåòè÷íà äèâåðãåíö³ÿ ì³æ äîñë³äíèìè çðàçêàìè. Âèÿâëåíî 
óí³êàëüí³ ôðàãìåíòè ÄÍÊ, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ ïàñïîðòèçàö³¿ â³äïîâ³äíèõ çðàçê³â, à òàêîæ äëÿ ðîçðîá-
êè ³íøèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â. Îòðèìàíà ³íôîðìàö³ÿ ìîæå áóòè êîðèñíîþ äëÿ îïòèì³çàö³¿ ñåëåêö³éíîãî 
ïðîöåñó êàáà÷êà ³ ïîäàëüøèõ äîñë³äæåíü â îáëàñò³ ìîëåêóëÿðíî¿ ãåíåòèêè ö³º¿ êóëüòóðè.
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Genetics

ISSR (Intersimple Sequence Repeats, ì³æì³-
êðîñàòåë³òí³ ñåêâåíîâàí³ ïîâòîðè) ìàðêåð³â. 
Ïðè öüîìó îñòàíí³ âèÿâèëèñÿ á³ëüø ïîë³-
ìîðôíèìè. L. Gong òà ³í. [12] çà ðåçóëüòà-
òàìè âèâ÷åííÿ ãåíåòè÷íèõ âçàºìîçâ’ÿçê³â 
ì³æ 104 ïîïóëÿö³ÿìè C. pepo L. ç âèêîðèñ-
òàííÿì SSR (Simple Sequence Repeats, ïðî-
ñò³ ñåêâåíîâàí³ ïîâòîðè) ³ SCAR (Sequence 
Chàracterized Amplyfied Region, àìïë³ô³êà-
ö³éíà îáëàñòü, îõàðàêòåðèçîâàíà íóêëåî-
òèäíîþ ïîñë³äîâí³ñòþ) ìàðêåð³â âñòàíîâè-
ëè, ùî êóëüòóðí³ ôîðìè êàáà÷êà ïîõîäÿòü 
â³ä ñï³ëüíîãî ïîïåðåäíèêà, ÿêèé åâîëþö³î-
íóâàâ ó òðè ï³äâèäè – subsp. fraterna, subsp. 
texana ³ subsp. pepo. 

Åôåêòèâí³ñòü âèêîðèñòàííÿ RAPD (Ran-
dom Amplified Polymorphic DNA, âèïàäêîâà 
àìïë³ô³êàö³ÿ ïîë³ìîðôíèõ ïîñë³äîâíîñòåé 
ÄÍÊ), AFLP (Amplified Fragment Length 
Polymorphism, ïîë³ìîðô³çì äîâæèíè àìïë³-
ô³êîâàíèõ ôðàãìåíò³â), ISSR òà ³íøèõ òèï³â 
ìîëåêóëÿðíèõ ìàðêåð³â ó ð³çíèõ ïîïóëÿö³é-
íèõ ³ ãåíåòèêî-ñåëåêö³éíèõ ïðîãðàìàõ âè-
ñâ³òëåíà â ðîáîòàõ ð³çíèõ àâòîð³â [13–20]. 
Àëå ISSR ìåòîä ìàº íèçêó ïåðåâàã, ñåðåä 
ÿêèõ îñíîâíîþ º ï³äâèùåííÿ òî÷íîñò³ ã³áðè-
äèçàö³¿ ïðàéìåðà çà ðàõóíîê çá³ëüøåííÿ 
éîãî ðîçì³ðó òà íàÿâíîñò³ çàÿêîðåíîãî íó-

êëåîòèäó. Åôåêòèâí³ñòü öüîãî ìåòîäó äîâå-
äåíà äëÿ á³ëüøîñò³ âèä³â ðîñëèí [21–24].

Ñüîãîäí³ àêòóàëüíèìè º äîñë³äæåííÿ ìî-
ëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ãåíî-
òèï³â âèõ³äíîãî ³ ñåëåêö³éíîãî ìàòåð³àëó 
êàáà÷êà ç ìåòîþ éîãî ³äåíòèô³êàö³¿ ³ äèôå-
ðåíö³àö³¿, à òàêîæ ç’ÿñóâàííÿ ð³âíÿ ãåíåòè÷-
íî¿ äèâåðãåíö³¿ ì³æ âèõ³äíèìè áàòüê³âñüêè-
ìè ôîðìàìè äëÿ åôåêòèâíîãî ïëàíóâàííÿ 
ñåëåêö³éíî¿ ïðîãðàìè, çîêðåìà ï³äáîðó ïàð 
ïðè ã³áðèäèçàö³¿.

Ìåòà äîñë³äæåíü – âèÿâèòè ãåíåòè÷íèé 
ïîë³ìîðô³çì òà äèâåðãåíö³þ ñîðò³â ³ ã³áðèä³â 
êàáà÷êà (C. pepo L.) ð³çíîãî ãåîãðàô³÷íîãî ïî-
õîäæåííÿ çà ISSR ìàðêåðàìè. 

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ïðîâîäèëè â 2018–2019 ðð. 

íà áàç³ âèïðîáóâàëüíî¿ ëàáîðàòîð³¿ ÒÎÂ «ÀÃ-
ÐÎÃÅÍ ÍÎÂÎ» (ì. Õàðê³â, Óêðà¿íà). Âèâ÷à-
ëè 29 ñîðò³â ³ ã³áðèä³â êàáà÷êà ð³çíîãî ãåî-
ãðàô³÷íîãî ïîõîäæåííÿ (òàáë. 1), íàäàí³ êîì-
ïàí³ºþ Tozer Seeds (Âåëèêîáðèòàí³ÿ). 

Ïîë³ìîðô³çì ÄÍÊ çðàçê³â êàáà÷êà âèâ÷à-
ëè ç âèêîðèñòàííÿì ïðàéìåð³â äî ì³æì³êðî-
ñàòåë³òíèõ ïîñë³äîâíîñòåé, ðîçðîáëåíèõ â 
Óí³âåðñèòåò³ Áðèòàíñüêî¿ Êîëóìá³¿ (Êàíàäà) 
(òàáë. 2). 

Òàáëèöÿ 1
Õàðàêòåðèñòèêà äîñë³äíèõ çðàçê³â êàáà÷êà çà ïîõîäæåííÿì

¹ ç/ï Çðàçîê Ñîðò/ã³áðèä Êðà¿íà ïîõîäæåííÿ
1 ‘Alfresco’

ã³áðèä F1

Âåëèêîáðèòàí³ÿ
2 ‘Best of British’
3 ‘Defender’ 
4 ‘Rimini’ 
5 ‘Patriot’ 
6 ‘Ambassador’ ×³ë³
7 ‘Eight Ball’ 

Âåëèêîáðèòàí³ÿ

8 ‘Midnight’ 
9 ‘Firenze’ 

10 ‘Tuscany ‘
11 ‘Parador’
12 ‘TZ 3089’ (stripe) ñîðò
13 ‘Gold Rush’

ã³áðèä F1

ÑØÀ14 ‘Afrodite’
15 ‘7003’ 
16 ‘7006’ 
17 ‘Celeste’ Ôðàíö³ÿ
18 ‘Alexander’ 

²ñïàí³ÿ19 ‘TZ 6390’
20 ‘TZ 6391’ 
21 ‘TZ 6392 F1’
22 ‘SV 1118 YG’ ÑØÀ
23 ‘Verde di Milan’ 

ñîðò

²òàë³ÿ24 ‘Trieste white half-long’
25 ‘Verde di Italia’
26 ‘Burpees Golden Zucchini’ ÑØÀ (Ïåíñèëüâàí³ÿ) 
27 ‘Striado di Napoli’ ²òàë³ÿ28 ‘Trombocino’
29 ‘×àêëóí’ Óêðà¿íà
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Òàáëèöÿ 2
Íóêëåîòèäí³ ïîñë³äîâíîñò³ ISSR ïðàéìåð³â

Ïðàéìåð Íóêëåîòèäíà 
ïîñë³äîâí³ñòü 5’-3’ Ïðàéìåð Íóêëåîòèäíà 

ïîñë³äîâí³ñòü 5’-3’
UBC 2 (CA)

8
AG UBC 825 (AC)

8
T

UBC 3 (CA)
8
GG UBC 826 (AC)

8
C

UBC 4 (GA)
8
T UBC 834 (AG)

8
CTT

UBC 5 (CA)
8
AC UBC 842 (GA)

8
CTG

UBC 807 (AG)
8
T UBC 846 (CA)

8
RT

UBC 810 (GA)
8
T UBC 857 (AC)

8
YG

UBC 812 (GA)
8
A

Ïðèì³òêà. Y = pYrimidine (C àáî T); R = puRine (A àáî G).

ÄÍÊ âèä³ëÿëè ³ç ñóì³ø³ 10 çð³ëèõ íàñ³íèí 
êîæíîãî çðàçêà çà äîïîìîãîþ íàáîðó äëÿ âè-
ä³ëåííÿ ÄÍÊ «Diatom DNA Prep100». Äëÿ 
öüîãî âèêîðèñòîâóâàëè ë³çóþ÷èé ðåàãåíò ³ç 
ãóàí³ä³íõëîðèäîì äëÿ ñîëþá³çàö³¿ êë³òèííî-
ãî äåáðèñó òà äåíàòóðàö³¿ êë³òèííèõ íóêëå-
àç. Ó ïðèñóòíîñò³ ë³çóþ÷îãî ðåàãåíòó ÄÍÊ 
ñîðáóâàëè íà ñ³ë³êà-ñîðáåíò³, â³äìèâàëè â³ä 
á³ëê³â òà ñîëåé ñïèðòîâèì ðîç÷èíîì. Âèä³-
ëåííÿ ÄÍÊ ïðîâîäèëè â³äïîâ³äíî äî ïðîòî-
êîëó, çàïðîïîíîâàíîìó â ³íñòðóêö³¿ äî êî-
ìåðö³éíîãî íàáîðó «Diatom DNA Prep100» 
(http://www.galartdiag.ru/files/diatom_dna_
prep_100.pdf). ×èñòîòó âèä³ëåíî¿ ÄÍÊ âèç-
íà÷àëè çà êîåô³ö³ºíòîì ñï³ââ³äíîøåííÿ ïî-
ãëèíàííÿ ïðè äîâæèí³ õâèëü 260 ³ 280 íì, 
ÿêèé ñêëàâ íå ìåíøå 1,73, ùî ñâ³ä÷èëî ïðî 
â³äíîñíî âèñîêó ÷èñòîòó ïðåïàðàò³â ÄÍÊ. 
Êîíöåíòðàö³þ ÄÍÊ âèçíà÷àëè çà äîïîìîãîþ 
ñïåêòðîôîòîìåòðà Shimadzu UV-1280 (ßïî-
í³ÿ) çà äîâæèíîþ õâèë³ 260 íì.

Àìïë³ô³êàö³þ ÄÍÊ ïðîâîäèëè ç âèêîðèñ-
òàííÿì íàáîð³â äëÿ ÏËÐ GenePaktm PCR 
Core (Ðîñ³ÿ). Ó ïðîá³ðêè ³ç öèõ íàáîð³â, ÿê³ 
ì³ñòèëè ë³îô³ë³çîâàí³ ñóõ³ ðåàêö³éí³ ñóì³ø³, 
ãîòîâ³ äëÿ ïðîâåäåííÿ ÏËÐ, äîäàâàëè 20 íã 
âèä³ëåíî¿ ÄÍÊ, 0,2 ìêÌ ïðàéìåðà, ïîò³ì ðå-
àêö³éíó ñóì³ø äîâîäèëè äî 20 ìêë ðîç÷èí-
íèêîì ³ç íàáîð³â äëÿ ÏËÐ. ÏËÐ ïðîâîäèëè 
â òåðìîöèêëåð³ ÒÏ4-ÏÖÐ-01-«Òåðöèê» (Ðî-
ñ³ÿ) çà òàêèõ óìîâ:  ïî÷àòêîâà äåíàòóðàö³ÿ 
ÄÍÊ ïðè 94 °Ñ – 5 õâ; 40 öèêë³â àìïë³ô³êà-
ö³¿ çà òàêèõ óìîâ äëÿ êîæíîãî öèêëó: äåíà-
òóðàö³ÿ ïðè 94 °Ñ – 40 ñ, ã³áðèäèçàö³ÿ  ïðè 
52 °Ñ – 45 ñ, åëîíãàö³ÿ  ïðè 72 °Ñ – 2 õâ;  
ô³íàëüíà åëîíãàö³ÿ ïðè 72 °Ñ – 7 õâ.

Åëåêòðîôîðåç ïðîäóêò³â àìïë³ô³êàö³¿ ïðî-
âîäèëè ó 1,5% àãàðîçíîìó ãåë³ ç áðîìèñòèì 
åòèä³ºì. Ó ðîáîò³ âèêîðèñòîâóâàëè Òð³ñ-ÅÄÒÀ- 
áîðàòíó áóôåðíó ñèñòåìó – 0,09 Ì Òð³ñ, 
0,09 Ì Í

3
ÂÎ

3
, 0,0031 Ì ÅÄÒÀ (ðÍ 8,3). Â³-

çóàë³çàö³þ ñïåêòð³â àìïë³ô³êîâàíèõ ä³ëÿ-
íîê ÄÍÊ çä³éñíþâàëè çà äîïîìîãîþ òðàíñ³-
ëþì³íàòîðà ÒÑÐ-20 ÌÑ (Ôðàíö³ÿ) ç ïîäàëü-
øèì ôîòîãðàôóâàííÿì ãåë³â. ßê ìàðêåð äëÿ 

âèçíà÷åííÿ ðîçì³ð³â àìïë³êîí³â âèêîðèñòî-
âóâàëè M combi (ðîçì³ðè ôðàãìåíò³â: 250, 
300, 350, 400, 450, 500, 600, 700, 800, 900, 
1000, 1200, 1400, 1600, 1800, 2000 ï.í.) çà 
äîïîìîãîþ äåìîâåðñ³¿ ïðîãðàìíîãî ïàêåòó 
TotalLab TL120 (http://www.totallab.com).

Îòðèìàí³ åëåêòðîôîðåòè÷í³ ñïåêòðè ïåðå-
âîäèëè â á³íàðíèé êîä – íàÿâí³ñòü àìïë³êî-
íó ó çðàçê³â êàáà÷êà ïåâíîãî ðîçì³ðó ïîçíà-
÷àëè ÿê «+», à ïðè â³äñóòíîñò³ àìë³êîíó ïî-
çíà÷àëè ÿê «–». Ð³âåíü ïîë³ìîðô³çìó äëÿ 
êîæíîãî ïðàéìåðà âèçíà÷àëè ÿê ÷àñòêó ïî-
ë³ìîðôíèõ ëîêóñ³â â³ä çàãàëüíî¿ ê³ëüêîñò³ 
ëîêóñ³â íà îäèí ïðàéìåð, âèðàæåíó ó â³äñîò-
êàõ. Âíóòð³øíüîïîïóëÿö³éíèé ïîë³ìîðô³çì 
êàáà÷êà çà ÄÍÊ ìàðêåðàìè ðîçðàõîâóâàëè 
ÿê ÷àñòêó âèÿâëåíèõ ëîêóñ³â ó ïåâíîãî çðàç-
êà êàáà÷êà â³ä çàãàëüíî¿ ê³ëüêîñò³ ³äåíòèô³-
êîâàíèõ ëîêóñ³â, âèðàæåíó ó â³äñîòêàõ. ßê 
ì³ðó ãåíåòè÷íîãî ð³çíîìàí³òòÿ âèêîðèñòîâó-
âàëè êîåô³ö³ºíò ïîä³áíîñò³ Nei–Li (Dij), ÿêèé 
ðîçðàõîâóâàëè çà äîïîìîãîþ ïàêåòó ïðîãðàì 
Phylip-3.69 [25]. Ìàòðèöþ êîåô³ö³ºíò³â ïîä³-
áíîñò³ çà Nei–Li âèêîðèñòîâóâàëè äëÿ êëàñ-
òåðíîãî àíàë³çó ìåòîäîì ïðèºäíàííÿ ñóñ³ä³â 
(Neighbor-joining, NJ). Ñòàòèñòè÷íó îö³íêó 
îòðèìàíî¿ äåíäðîãðàìè ïðîâîäèëè çà äîïî-
ìîãîþ áóòñòðåï-àíàë³çó ïðè ñòâîðåíí³ 1000 
âèïàäêîâèõ âèá³ðîê. 

Ðåçóëüòàòè äîñë³äæåíü
Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç çðàçê³â 

êàáà÷êà äîçâîëèâ ³äåíòèô³êóâàòè 129 ISSR-
ëîêóñ³â, ñåðåä ÿêèõ 109 áóëè ïîë³ìîðôíèìè 
(84,5%). Ïðîäóêòè àìïë³ô³êàö³¿ ð³çíèëèñÿ 
ê³ëüê³ñòþ òà ðîçì³ðîì. Äåòåêòóâàëè 20 ìî-
íîìîðôíèõ ëîêóñ³â äëÿ âñ³õ äîñë³äæóâàíèõ 
çðàçê³â êàáà÷êà. Çîêðåìà çà ïðàéìåðîì UBC 
4 âèÿâëåíèé ôðàãìåíò ðîçì³ðîì 523 ï.í., çà 
ïðàéìåðîì UBC 5 – ôðàãìåíòè ðîçì³ðîì 438 
³ 614 ï.í., çà UBC 807 – 324, 491, 595 ³ 691 ï.í., 
çà UBC 810 – 277, 341 ³ 403 ï.í., çà UBC 812 – 
504 ³ 579 ï.í., çà UBC 825 – 653 ï.í., çà UBC 
826 – 393 ³ 515 ï.í., çà UBC 834 – 305 ³ 587 ï.í., 
çà UBC 842 – 328 ³ 394 ï.í., çà UBC 857 –
565 ï.í. Òàêîæ ó äåÿêèõ çðàçê³â áóëè ³äåí-
òèô³êîâàí³ óí³êàëüí³ àìïë³êîíè. Íàïðè-
êëàä, ó ã³áðèäó ‘Midnight’ âèÿâëåíî àìïë³-
êîí ðîçì³ðîì 935 ï.í. (UBC 2), ó ñîðòó 
‘Trieste white half-long’ – 579 ï.í. (UBC 5), ó 
ñîðòó ‘Trombocino’ – 756, 354 ³ 296 ï.í. 
(UBC 2), 1260 ï.í. (UBC 807), 1400 ï.í. 
(UBC 812), 941 ï.í. (UBC 826), 962 ï.í. 
(UBC 842), 237 ï.í. (UBC 846) ³ 681 ï.í. 
(UBC 857). Ö³ àìïë³êîíè ìîæóòü áóòè âè-
êîðèñòàí³ äëÿ ðîçðîáêè ³íøèõ ÄÍÊ-ìàðêåð³â, 
çîêðåìà SCAR. Ïðèêëàä åëåêòðîôîðåãðàìè 
íàâåäåíî íà ðèñóíêó 1.
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Ð³âåíü ïîë³ìîðô³çìó äîñë³äíèõ çðàçê³â êà-
áà÷êà âàð³þâàâ â³ä 62,5%  (ïðàéìåð UBC 810) 
äî 100% (ïðàéìåðè UBC 2, UBC 3 ³ UBC 846). 
Ð³âåíü ïîë³ìîðô³çìó çðàçê³â ïðè âèêîðèñòàíí³ 

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ äîñë³äíèõ çðàçê³â êàáà÷êà ç ïðàéìåðîì UBC 826
Íîìåðè 13–29 â³äïîâ³äàþòü çðàçêàì ó òàáëèö³ 1. M combi – ìàðêåð ðîçì³ðó ïðîäóêò³â àìïë³ô³êàö³¿, ï.í.

Öèôðàìè ïîçíà÷åíî ìîíîìîðôí³ é óí³êàëüíèé ôðàãìåíòè, ï.í.

îáðàíèõ ó äîñë³äæåíí³ ïðàéìåð³â ñêëàâ 84,5%. 
Ê³ëüê³ñòü òà ðîçì³ðè âèÿâëåíèõ  àìïë³êîí³â ó 
çðàçê³â êàáà÷êà, à òàêîæ ð³âåíü ïîë³ìîðô³çìó 
çà êîæíèì ïðàéìåðîì íàâåäåíî â òàáëèö³ 3.

Òàáëèöÿ 3
Ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì çðàçê³â êàáà÷êà, 

âèÿâëåíèé ç âèêîðèñòàííÿì ISSR àíàë³çó

Ïðàéìåð Ê³ëüê³ñòü âèÿâëåíèõ 
àìïë³êîí³â, øò.

Ê³ëüê³ñòü ïîë³ìîðôíèõ 
àìïë³êîí³â, øò.

Ð³âåíü 
ïîë³ìîðô³çìó, %

Ðîçì³ð 
àìïë³êîí³â, ï.í.

UBC 2 13 13 100,0 296–935
UBC 3 11 11 100,0 373–812
UBC 4 5 4 80,0 523–1195
UBC 5 10 8 80,0 438–1313
UBC 807 17 13 76,5 246–1260
UBC 810 8 5 62,5 277–835
UBC 812 13 11 84,6 378–1400
UBC 825 8 7 87,5 243–653
UBC 826 6 4 66,7 393–941
UBC 834 12 10 83,3 253–1178
UBC 842 9 7 77,8 250–962
UBC 846 9 9 100,0 237–851
UBC 857 8 7 87,5 361–681

Âñüîãî 129 109 84,5 –

E. Esmailnia  òà ³í. [8] ³ N. Katzir  òà ³í. 
[10] òàêîæ âèÿâèëè  âèñîêèé ð³âåíü ïîë³ìîð-
ô³çìó ïîïóëÿö³é êàáà÷êà (70–93%), ùî çà-
ëåæàëî â³ä âèêîðèñòàíèõ ïðàéìåð³â. Çàçíà-
÷èìî òàêîæ, ùî A. Xanthopoulou1  òà ³í. [3] 
çà äîïîìîãîþ ïðàéìåðà UBC 834 ³äåíòèô³êó-
âàëè ëèøå 7 ïðîäóêò³â àìïë³ô³êàö³¿ ðîçì³-
ðîì 600–2700 ï.í. ³ ð³âíåì ïîë³ìîðô³çìó 
42,8%, ó òîé ÷àñ ÿê íàìè â ðåçóëüòàò³ àìï-
ë³ô³êàö³¿ ÄÍÊ äîñë³äíèõ çðàçê³â êàáà÷êà ³ç 
öèì ïðàéìåðîì âèÿâëåíî 12 àìïë³êîí³â ðîç-
ì³ðîì 253–1178 ï.í. ³ ð³âíåì ïîë³ìîðô³çìó 
83,3%. Katzir N. òà ³í. [10] ïðè âèêîðèñòàíí³ 
ïðàéìåðà UBC 807 âèÿâèëè 17 ëîêóñ³â (ùî 
óçãîäæóºòüñÿ ç îòðèìàíèìè íàìè äàíèìè) ç 
ð³âíåì ïîë³ìîðô³çìó 70,6%. Òîä³ ÿê ó íàøî-

ìó äîñë³ä³ ïîë³ìîðô³çì çà öèì ïðàéìåðîì 
ñòàíîâèâ 76,5%. Òàêîæ àâòîðè ðîáîòè [10] 
ïðè âèêîðèñòàíí³ ïðàéìåðà UBC 810 ³äåíòè-
ô³êóâàëè 11 ëîêóñ³â ç ïîë³ìîðô³çìîì 81,8%, 
à ïðàéìåðà UBC 842 – 25 ëîêóñ³â ç ïîë³ìîð-
ô³çìîì 84,0%. Ó íàøèõ äîñë³äæåííÿõ ïðè 
âèêîðèñòàíí³ öèõ ïðàéìåð³â äåòåêòîâàíî 
ëèøå ïî 9 ëîêóñ³â ç ð³âíåì ïîë³ìîðô³çìó 
62,5 ³ 77,8% â³äïîâ³äíî. Ðîçì³ð âèÿâëåíèõ 
àìïë³êîí³â àâòîðè ðîáîòè [10] íå íàâîäèëè. 
Ðîçá³æíîñò³ â îäåðæàíèõ ðåçóëüòàòàõ ìî-
æóòü áóòè ïîâ’ÿçàí³ ç ãåíåòè÷íèìè îñîáëè-
âîñòÿìè òà ïîõîäæåííÿì äîñë³äæóâàíîãî 
ìàòåð³àëó. 

Ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì äî-
ñë³äíèõ çðàçê³â êàáà÷êà çàëåæàâ â³ä ãåíîòè-

13       13                14         17         18          19           20          21          22        23           24         25           26          27    14         17         18          19           20          21          22        23           24         25           26          27               28         29    28         29
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ïó ³ â ñåðåäíüîìó ñòàíîâèâ 58,9  %. Íàéá³ëü-
øå éîãî çíà÷åííÿ (63,6%) â³äì³÷åíî â ã³áðèäó 
‘Eight Ball’, ó ÿêîãî âèÿâëåíî 82 ³ç 129 ìîæ-

ëèâèõ ëîêóñ³â, ì³í³ìàëüíå – ó ‘Rimini’ 
(55,8%, âèÿâëåíî 72 ëîêóñè ³ç 129 ìîæëè-
âèõ) (òàáë. 4).

Çà ðåçóëüòàòàìè ðîçðàõóíêó  êîåô³ö³ºíòà 
ïîä³áíîñò³ Nei–Li âñòàíîâëåíî íåçíà÷íó ãåíå-
òè÷íó äèâåðãåíö³þ ì³æ äîñë³äíèìè çðàçêà-
ìè êàáà÷êà. Íàéá³ëüø ãåíåòè÷íî ñïîð³äíå-
íèìè âèÿâèëèñÿ ã³áðèäè ‘Patriot’ (Âåëèêî-
áðèòàí³ÿ) ³ ‘Ambassador’ (×³ë³), êîåô³ö³ºíò 
ïîä³áíîñò³ ì³æ ÿêèìè ñòàíîâèâ 0,0005. Íàé-
ìåíø ñïîð³äíåíèìè çðàçêàìè áóëè ñîðò 
‘Trombocino’ (²òàë³ÿ) ³ ã³áðèä ‘7006’ (ÑØÀ), 
äëÿ ÿêèõ êîåô³ö³ºíò ïîä³áíîñò³ ñêëàâ 0,0092. 
Ñë³ä çàçíà÷èòè, ùî ñîðò ‘Trombocino’ áóâ 
íàéá³ëüø ãåíåòè÷íî â³ääàëåíèì â³ä ³íøèõ 
çðàçê³â êàáà÷êà (Dij = 0,0072), òîä³ ÿê êîåô³-
ö³ºíòè ïîä³áíîñò³ ì³æ ³íøèìè çðàçêàìè íå 
ïåðåâèùóâàëè 0,0060. Îòðèìàí³ ðåçóëüòàòè 
ìîæóòü ñâ³ä÷èòè ïðî çíà÷íó ãåíåòè÷íó ïîä³-
áí³ñòü á³ëüøîñò³ äîñë³äæóâàíèõ ñîðò³â ³ ã³-
áðèä³â êàáà÷êà. 

Çà ðåçóëüòàòàìè êëàñòåðíîãî àíàë³çó ïî-
áóäóâàëè äåíäðîãðàìó íà îñíîâ³ êîåô³ö³ºí-
ò³â ïîä³áíîñò³ ì³æ äîñë³äíèìè çðàçêàìè êà-
áà÷êà (ðèñ. 2).

Òàáëèöÿ 4
Ïîë³ìîðô³çì çðàçê³â êàáà÷êà çà ISSR ìàðêåðàìè 

Çðàçîê
Ê³ëüê³ñòü âèÿâëåíèõ ëîêóñ³â, øò. Ð³âåíü 

ïîë³ìîðô³çìó, %çàãàëüíà ó çðàçêà
‘Alfresco’

129

76 58,9
‘Best of British’ 74 57,4
‘Defender’ 78 60,5
‘Rimini’ 72 55,8
‘Patriot’ 80 62,0
‘Ambassador’ 80 62,0
‘Eight Ball’ 82 63,6
‘Midnight’ 75 58,1
‘Firenze’ 77 59,7
‘Tuscany ‘ 76 58,9
‘Parador’ 77 59,7
‘TZ 3089’ (stripe) 80 62,0
‘Gold Rush’ 77 59,7
‘Afrodite’ 79 61,2
‘7003’ 77 59,7
‘7006’ 76 58,9
‘Celeste’ 74 57,4
‘Alexander’ 77 59,7
‘TZ 6390’ 74 57,4
‘TZ 6391’ 73 56,6
‘TZ 6392 F1’ 73 56,6
‘SV 1118 YG’ 73 56,6
‘Verde di Milan’ 75 58,1
‘Trieste white half-long’ 74 57,4
‘Verde di Italia’ 75 58,1
‘Burpees Golden Zucchini’ 73 56,6
‘Striado di Napoli’ 77 59,7
‘Trombocino’ 74 57,4
‘×àêëóí’ 77 59,7
Ñåðåäíº çíà÷åííÿ – – 58,9

Äîñë³äæóâàí³ ñîðòè ³ ã³áðèäè êàáà÷êà ðîç-
ïîä³ëèëèñÿ ó äâà êëàñòåðè. Äî ïåðøîãî êëàñ-
òåðó óâ³éøëè óñ³ çðàçêè ïîõîäæåííÿì ³ç Âå-
ëèêîáðèòàí³¿ (‘Defender’, ‘Rimini’, ‘Patriot), à 
òàêîæ ñîðòè ‘Trombocino’ (²òàë³ÿ), ‘×àêëóí’ 
(Óêðà¿íà), ‘7003’ ³ ‘7006’ (ÑØÀ) ³ ã³áðèä 
‘Ambassador’ (×³ë³). 

Äðóãèé êëàñòåð ì³ñòèâ ð³çí³ çà ãåîãðàô³÷-
íèì ïîõîäæåííÿì çðàçêè êàáà÷êà. Çîêðåìà 4 
çðàçêè ç ÑØÀ (ñîðò ‘Burpees Golden Zucchini’, 
ã³áðèäè ‘Gold Rush’, ‘Afrodite’, ‘SV 1118 YG’), 
4 ã³áðèäè ç ²ñïàí³¿ (Alexander, TZ 6390, 
TZ 6391, TZ 6392), 4 ñîðòè ç ²òàë³¿ (‘Striado di 
Napoli’, ‘Verde di Italia’, ‘Verde di Milano’, 
‘Trieste white half-long’) ³ ã³áðèä ‘Celeste’ 
(Ôðàíö³ÿ). Âèçíà÷àëüíèì êðèòåð³ºì ãðóïó-
âàííÿ äîñë³äæóâàíèõ çðàçê³â êàáà÷êà ó êëàñ-
òåðè áóâ ð ³âåíü ãåíåòè÷íî¿ ïîä³áíîñò³ ì³æ 
íèìè. Ãåîãðàô³÷íå ïîõîäæåííÿ çðàçê³â ìàëî 
ìåíøå çíà÷åííÿ äëÿ ¿õ îá’ºäíàííÿ ó êëàñòåðè. 

Áóòñòðåï-îö³íêà äîçâîëèëà ñòàòèñòè÷íî 
ïåðåâ³ðèòè â³ðîã³äí³ñòü îäåðæàíî¿ äåíäðî-
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ãðàìè. Äëÿ ö³º¿ äåíäðîãðàìè áóëè õàðàêòåð-
íèìè ÿê íèçüê³ (< 70%), òàê ³ âèñîê³ (> 70%) 
áóòñòðåï-çíà÷åííÿ. Ï³ñëÿ áóòñòðåï-àíàë³çó 
ñêëàä êëàñòåð³â íå çì³íèâñÿ. 

Âèñíîâêè
Çà ðåçóëüòàòàìè âèâ÷åííÿ çðàçê³â êàáà÷êà 

ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ çà äîïî-
ìîãîþ ISSR àíàë³çó âñòàíîâëåíî âèñîêèé ãå-
íåòè÷íèé ïîë³ìîðô³çì ³ íåçíà÷íà ãåíåòè÷íà 
äèâåðãåíö³ÿ ì³æ äîñë³äíèìè çðàçêàìè. Âè-
ÿâëåíî óí³êàëüí³ ôðàãìåíòè ÄÍÊ, ÿê³ ìî-
æóòü áóòè âèêîðèñòàí³ äëÿ ïàñïîðòèçàö³¿ 
â³äïîâ³äíèõ çðàçê³â, à òàêîæ äëÿ ðîçðîáêè 
³íøèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â. 
Îòðèìàíà ³íôîðìàö³ÿ ìîæå áóòè êîðèñíîþ 
äëÿ îïòèì³çàö³¿ ñåëåêö³éíîãî ïðîöåñó êàáà÷-
êà ³ ïîäàëüøèõ äîñë³äæåíü â îáëàñò³ ìîëå-
êóëÿðíî¿ ãåíåòèêè ö³º¿ êóëüòóðè.
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Öåëü. Âûÿâèòü ãåíåòè÷åñêèé ïîëèìîðôèçì è äèâåð-
ãåíöèþ ñîðòîâ è ãèáðèäîâ êàáà÷êà (C. pepo L.) ðàçíîãî 
ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ ïî ISSR ìàðêåðàìè. 
Ìåòîäû. Äëÿ îöåíêè ãåíåòè÷åñêîãî ïîëèìîðôèçìà 29 
ñîðòîâ è ãèáðèäîâ C. pepo L. ðàçëè÷íîãî ïðîèñõîæäåíèÿ 
èñïîëüçîâàëè ISSR àíàëèç. Êîýôôèöèåíò ñõîäñòâà ìåæäó 
èññëåäóåìûìè îáðàçöàìè êàáà÷êà îïðåäåëÿëè ïî ôîðìó-
ëå Nei–Li. Ðàñ÷åò êîýôôèöèåíòîâ ñõîäñòâà è ïîñòðîåíèå 
ôèëîãåíåòè÷åñêîãî äåðåâà îñóùåñòâëÿëè ñ ïîìîùüþ ïà-
êåòà ïðîãðàìì Phylip-3.69. Êëàñòåðíûé àíàëèç ïðîâîäè-
ëè ìåòîäîì ïðèñîåäèíåíèÿ ñîñåäåé (Neighbor-joining). 
Äîñòîâåðíîñòü ãðóïïèðîâêè îáðàçöîâ â êëàñòåðû ïðîâå-
ðÿëè ìåòîäîì áóòñòðåï-àíàëèçà. Ðåçóëüòàòû. Èñïîëüçî-
âàíèå 13 ïðàéìåðîâ ê ìåæìèêðîñàòåëëèòíûì ó÷àñòêàì ïî-
çâîëèëî âûÿâèòü 129 ëîêóñîâ ÄÍÊ êàáà÷êà, ñðåäè êîòîðûõ 
109 áûëè ïîëèìîðôíûå, 20 – ìîíîìîðôíûå, 11 – óíèêàëü-
íûå äëÿ îïðåäåëåííûõ îáðàçöîâ. Ýëåêòðîôîðåãðàììû 
ïðîäóêòîâ àìïëèôèêàöèè îïûòíûõ îáðàçöîâ îòëè÷àëèñü 
êîëè÷åñòâîì è ðàçìåðîì àìïëèêîíîâ. Âûÿâëåí âûñîêèé 
ïîëèìîðôèçì ÄÍÊ îïûòíûõ îáðàçöîâ êàáà÷êà, êîòîðûé 
âàðüèðîâàë îò 62,5% (ïðàéìåð UBC 810) äî 100% (ïðàé-
ìåðû UBC 2, UBC 3 è UBC 846). Óðîâåíü ìîëåêóëÿðíî-ãåíå-
òè÷åñêîãî ïîëèìîðôèçìà îáðàçöîâ êàáà÷êà âàðüèðîâàë 

îò 55,8 äî 63,6% ó ãèáðèäîâ ‘Rimini’ è ‘Eight Ball’, ñîîò-
âåòñòâåííî. Óñòàíîâëåíî íèçêóþ ãåíåòè÷åñêóþ äèâåðãåí-
öèþ ìåæäó îïûòíûìè îáðàçöàìè C. pepo L., êîýôôèöèåíò 
ñõîäñòâà ïî Nei-Li ñîñòàâèë 0,0005–0,0092. Ñ ïîìîùüþ 
êëàñòåðíîãî àíàëèçà îáðàçöû êàáà÷êà áûëè ñãðóïïèðîâà-
íû â äâà êëàñòåðà. Îñíîâíûì êðèòåðèåì êëàñòåðèçàöèè 
áûë óðîâåíü ãåíåòè÷åñêîé äèâåðãåíöèè. Ãåîãðàôè÷åñêîå 
ïðîèñõîæäåíèå îáðàçöîâ íå âëèÿëî íà îñîáåííîñòè èõ 
ãðóïïèðîâêè. Âûâîäû. Ïî ðåçóëüòàòàì èçó÷åíèÿ îáðàç-
öîâ êàáà÷êà ðàçíîãî ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ 
ñ ïîìîùüþ ISSR àíàëèçà óñòàíîâëåíû âûñîêèé ãåíåòè-
÷åñêèé ïîëèìîðôèçì è íåçíà÷èòåëüíàÿ ãåíåòè÷åñêàÿ 
äèâåðãåíöèÿ ìåæäó îïûòíûìè îáðàçöàìè. Îáíàðóæåíû 
óíèêàëüíûå ôðàãìåíòû ÄÍÊ, êîòîðûå ìîãóò áûòü èñïîëü-
çîâàíû äëÿ ïàñïîðòèçàöèè ñîîòâåòñòâóþùèõ îáðàçöîâ, à 
òàêæå äëÿ ðàçðàáîòêè äðóãèõ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ 
ìàðêåðîâ. Ïîëó÷åííàÿ èíôîðìàöèÿ ìîæåò áûòü ïîëåçíîé 
äëÿ îïòèìèçàöèè ñåëåêöèîííîãî ïðîöåññà êàáà÷êà è ïî-
ñëåäóþùèõ èññëåäîâàíèé â îáëàñòè ìîëåêóëÿðíîé ãåíå-
òèêè ýòîé êóëüòóðû.
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Purpose. Identify genetic polymorphism and divergence 
of C. pepo L. varieties and hybrids of different geographi-
cal origin using ISSR markers. Methods. ISSR analysis was 
used to evaluate the genetic polymorphism of 29 C. pepo 
L. varieties and hybrids of different origin. The similarity 
coefficient between the investigated courgette accessions 
was calculated by the Nei–Li’s formula. Calculating coeffi-
cients of similarity and phylogenetic tree construction was 
performed with the Phylip-3.69 software package. The clus-
ter analysis was performed by the Neighbor-joining method. 
The validity of the accessions grouping into clusters was 
tested by bootstrap analysis. Results. The use of 13 pri-
mers in the intermicrosatellite regions revealed 129 loci 
of courgette DNA, among them 109 were polymorphic, 20 
were monomorphic, 11 were unique to certain accessions. 
Electrophoregrams of the amplification products of the in-
vestigated accessions differed in the number and size of 
the amplicons. High DNA polymorphism of the investigated 
courgette accessions was found, which ranged from 62.5% 
(primer UBC 810) to 100% (primers UBC 2, UBC 3, and UBC 
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846). The level of molecular genetic polymorphism of cour-
gette accessions varied from 55.8 to 63.6% in the ‘Rimini’ 
and ‘Eight Ball’ hybrids correspondingly. Low genetic diver-
gence was determined between the C. pepo L. specimens, 
the Nei–Li similarity coefficient was 0.0005–0.0092. Using 
the cluster analysis, courgette accessions were grouped into 
two clusters. The main criterion for clustering was the level 
of genetic divergence. The geographical origin of the ac-
cessions did not affect the peculiarities of their grouping. 
Conclusions. The results of the study of courgette accessions 
of different geographical origin using ISSR analysis revealed 
high genetic polymorphism and little genetic divergence be-
tween the experimental accessions. Unique DNA fragments 
have been identified and can be used for the certification 
of relevant samples, as well as for the development of other 
molecular genetic markers. The obtained information may be 
useful for optimizing the courgette breeding process and fur-
ther studies in the molecular genetics of this culture.

Keywords: Cucurbita pepo L.; polymorphism DNA; ISSR 
mar kers; genetic divergence; cluster analysis.
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