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Genetics

ГенетикаенетикаГГенетикаенетика

Âñòóï 
Ñîÿ êóëüòóðíà (Glycine max (L.) Merr.) ìàº 

âåëèêå åêîíîì³÷íå òà åêîëîã³÷íå çíà÷åííÿ. 
ßê îäíó ç ïîøèðåíèõ êóëüòóð ¿¿ âèðîùóþòü 
ïî âñüîìó ñâ³òó – â³ä åêâàòîðà äî 50°N òà 
35°S øèðîòè. Ó Äåðæàâíîìó ðåºñòð³ ñîðò³â 
ðîñëèí, ïðèäàòíèõ äëÿ ïîøèðåííÿ â Óêðà¿-
í³, ñòàíîì íà 02.10.2017 ð. íàë³÷óºòüñÿ 209 
ñîðò³â ñî¿ ð³çíèõ ãðóï ñòèãëîñò³ äëÿ êóëüòè-
âóâàííÿ â óñ³õ îáëàñòÿõ [1].
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Ìåòà. Ïðîâåñòè òèïóâàííÿ ñîðò³â ñî¿ êóëüòóðíî¿ (Glycine max (L.) Merr.) óêðà¿íñüêî¿ òà çàêîðäîííî¿ ñåëåêö³¿ çà 
ì³êðîñàòåë³òíèì ìàðêåðîì Satt100 ãåíà Å7 ôîòîïåð³îäè÷íî¿ ÷óòëèâîñò³. Ìåòîäè. Âèä³ëåííÿ ÄÍÊ ç ïðîðîñòê³â íà êî-
ëîíêàõ ³ç ñîðáóþ÷îþ ìåìáðàíîþ; ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ; ãîðèçîíòàëüíèé ãåëü-åëåêòðîôîðåç; âèçíà÷åííÿ 
ðîçì³ð³â ïðîäóêò³â àìïë³ô³êàö³¿ çà ïðîãðàìîþ «GelAnalyzer 2010a». Ðåçóëüòàòè. Çà äîïîìîãîþ àíàë³çó ì³êðîñàòåë³ò-
íîãî ëîêóñó Satt100, ÿêèé º ìàðêåðîì ãåíà Å7, ïðîâåäåíî òèïóâàííÿ 15 ñîðò³â ñî¿. Âñòàíîâëåíî íàÿâí³ñòü ïðîäóêò³â 
àìïë³ô³êàö³¿ ðîçì³ðîì 133, 149 òà 168 ï.í., ùî ìàðêóþòü ðåöåñèâíèé òà äîì³íàíòíèé àëåë³ ãåíà Å7 â³äïîâ³äíî. Óñ³ 
äîñë³äæåí³ ñîðòè, êð³ì ñîðòó ‘Îäåñüêà 150À’, áóëè ãîìîãåííèìè çà ì³êðîñàòåë³òíèì ëîêóñîì Satt100. Ãåíîòèïè âîñüìè 
ñîðò³â ìàëè ðåöåñèâíèé àëåëü å7, øåñòè – äîì³íàíòíèé àëåëü Å7. Ïîð³âíÿëè íàÿâí³ñòü ïåâíîãî àëåëÿ ãåíà Å7 ó ãå-
íîòèï³ ñîðòó ç íàëåæí³ñòþ äî ãðóïè ñòèãëîñò³. Â³äì³÷åíî çâ’ÿçîê äëÿ ñîðò³â ç âåãåòàö³éíèì ïåð³îäîì äî 100 ä³á: óñ³ 
÷îòèðè ñîðòè ö³º¿ ãðóïè ìàëè àëåëü å7 òà äëÿ ñîðò³â ³ç âåãåòàö³éíèì ïåð³îäîì ïîíàä 110 ä³á: äëÿ âñ³õ ÷îòèðüîõ ñîðò³â 
ö³º¿ ãðóïè õàðàêòåðí³ ôðàãìåíòè àìïë³ô³êàö³¿ ëîêóñó Satt100, ùî ìàðêóþòü äîì³íàíòíèé àëåëü. ²ç ñåìè ñåðåäíüî-
ðàíí³õ ñîðò³â ÷îòèðè ìàëè ðåöåñèâíèé àëåëü å7, à òðè – äîì³íàíòíèé Å7. Íàâåäåíî ³íôîðìàö³þ ïðî îòðèìàííÿ ð³ç-
íèìè íàóêîâöÿìè ôðàãìåíò³â àìïë³ô³êàö³¿ íåîäíàêîâèõ ðîçì³ð³â, àëå ïðè öüîìó âèÿâëåíî òåíäåíö³þ ùîäî çâ’ÿçêó 
á³ëüø âèñîêîìîëåêóëÿðíèõ ôðàãìåíò³â ç äîì³íàíòíèì, à íèçüêîìîëåêóëÿðíèõ – ç ðåöåñèâíèì àëåëåì. Âèñíîâêè. Çà 
ðåçóëüòàòàìè òèïóâàííÿ çà ì³êðîñàòåë³òíèì ìàðêåðîì Satt100 ãåíà Å7 ôîòîïåð³îäè÷íî¿ ÷óòëèâîñò³ äëÿ 15 ñîðò³â ñî¿ 
âèçíà÷åíî íàÿâí³ñòü ðåöåñèâíîãî àáî äîì³íàíòíîãî àëåëÿ ãåíà Å7. Äëÿ á³ëüøîñò³ çðàçê³â âñòàíîâëåíî â³äïîâ³äí³ñòü 
íàÿâíîñò³ ïåâíîãî àëåëÿ ãåíà Å7 òà òðèâàëîñò³ âåãåòàö³éíîãî ïåð³îäó. Íàÿâí³ñòü ôðàãìåíò³â àìïë³ô³êàö³¿ ð³çíîãî 
ðîçì³ðó, õàðàêòåðíèõ äëÿ ðåöåñèâíîãî àëåëÿ, ñâ³ä÷èòü ïðî íåîáõ³äí³ñòü ñèêâåíóâàííÿ òà á³î³íôîðìàòè÷íîãî àíàë³çó 
ôðàãìåíò³â àìïë³ô³êàö³¿ ëîêóñó Satt100. 
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Íà øâèäê³ñòü ïåðåá³ãó âåãåòàòèâíî¿ ôàçè 
îíòîãåíåçó (÷àñ ì³æ ñõîäàìè ³ ïî÷àòêîì öâ³-
ò³ííÿ Ve–R1) òà ïåðåõ³ä äî ãåíåðàòèâíî¿ ôà-
çè (R1–R8) íàéá³ëüøå âïëèâàº òàêèé ÷èí-
íèê äîâê³ëëÿ, ÿê ôîòîïåð³îä. Ñîþ â³äíîñÿòü 
äî ðîñëèí êîðîòêîãî äíÿ. Âîíà ïðèéøëà äî 
íàñ ³ç Ñõ³äíîàç³àòñüêîãî öåíòðó ïîõîäæåííÿ 
êóëüòóðíèõ ðîñëèí. Òðèâàëèé äåíü ñóòòºâî 
â³äòåðì³íîâóº öâ³ò³ííÿ ñî¿, ðîñëèíè ôîðìó-
þòü çíà÷íó íàçåìíó ìàñó ³ çäåá³ëüøîãî íå 
äîçð³âàþòü. Òîìó ïëîùà âèðîùóâàííÿ êîæ-
íîãî ñîðòó îáìåæåíà íàäòî âóçüêèì ä³àïàçî-
íîì øèðîòè.

Ñîÿ àäàïòóâàëàñÿ äî ð³çíèõ øèðîò ÷åðåç 
ïðèðîäíå âàð³þâàííÿ ìíîæèííèõ ãåí³â ³ ëî-
êóñ³â, ùî êîíòðîëþþòü ÷àñ öâ³ò³ííÿ òà äî-
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çð³âàííÿ. Ö³ ãåíè é ëîêóñè âçàºìîä³þòü ³ ðåà-
ãóþòü íà çì³íó óìîâ íàâêîëèøíüîãî ñåðåäî-
âèùà, ùî âåëèêîþ ì³ðîþ âïëèâàº íå ò³ëüêè 
íà öâ³ò³ííÿ òà äîçð³âàííÿ, à é íà ìîðôîëîã³þ 
ðîñëèí, óðîæàéí³ñòü ³ ñòðåñîñò³éê³ñòü. 

Ó êóëüòóðè ñî¿ âèçíà÷åíî 10 îñíîâíèõ ãåí³â, 
ùî êîíòðîëþþòü ÷àñ öâ³ò³ííÿ òà äîçð³âàííÿ: 
Å-ãåíè (early) E1, E2, E3, E4, E5, E6, E7, E8, 
E9 òà ãåí J [2]. Âïëèâ öèõ ãåí³â íà öâ³ò³ííÿ 
ñî¿ ³ ðîëü ó ôîòîðåàêö³ÿõ ð³çí³. ×îòèðè ç ëî-
êóñ³â ³äåíòèô³êîâàíî ìåòîäàìè ìîëåêóëÿð-
íî-ãåíåòè÷íîãî àíàë³çó: E1 êîäóº ñîºñïåöè-
ô³÷íèé ïîòåíö³àëüíèé ôàêòîð òðàíñêðèïö³¿, 
E2 – ãîìîëîã GIGANTEA GmGIa, E3 ³ E4 êî-
äóþòü ô³òîõðîìè GmPhyA3 òà GmPhyA2 â³ä-
ïîâ³äíî [3]. Ìîëåêóëÿðíà îñíîâà ëîêóñó Å7 
íåâ³äîìà. Ö³ ãåíè êîíòðîëþþòü òðèâàë³ñòü 
ôàç «ñõîäè–öâ³ò³ííÿ» òà «öâ³ò³ííÿ–äîçð³âàí-
íÿ», ñïðèéìàþ÷è íå³íäóêòèâíèé ôîòîïåð³îä, 
òîìó ¿õ ìîæíà íàçâàòè ãåíàìè ôîòîïåð³î-
äè÷íî¿ ÷óòëèâîñò³. Äîì³íàíòí³ àëåë³ çàòðè-
ìóþòü ÷àñ öâ³ò³ííÿ, òîáòî îáóìîâëþþòü ï³ç-
í³ öâ³ò³ííÿ òà äîçð³âàííÿ. Íå÷óòëèâ³ñòü àáî 
ñëàáêà ÷óòëèâ³ñòü äî òðèâàëîñò³ ôîòîïåð³îäó 
îáóìîâëþºòüñÿ ðåöåñèâíèìè àëåëÿìè [4, 5].

Ðîçóì³ííÿ ìîëåêóëÿðíèõ îñíîâ öèõ ãåí³â 
³ ëîêóñ³â òà ¿õ ïðîÿâó çà ð³çíèõ óìîâ íàâ-
êîëèøíüîãî ñåðåäîâèùà âàæëèâå äëÿ âèç-
íà÷åííÿ ãåíîòèïîâèõ êîìá³íàö³é, ùî çàáåç-
ïå÷àòü á³ëüøèé àáî ñòàá³ëüí³øèé óðîæàé ó 
ïåâíîìó ðåã³îí³.

Ââàæàþòü, ùî ó ïîÿñ³ ïîì³ðíîãî êë³ìàòó 
(òåðèòîð³ÿ Óêðà¿íè ðîçòàøîâàíà â ìåæàõ 
Ï³âí³÷íîãî ïîì³ðíîãî ïîÿñó) ðàííº öâ³ò³í-
íÿ â ïîºäíàíí³ ç òðèâàëîþ ðåïðîäóêòèâíîþ 
ñòàä³ºþ íàéêðàùå äëÿ ö³º¿ êóëüòóðè. Ç îãëÿ-
äó íà öå ãåí E7, çà ðåçóëüòàòàìè åêñïðåñ³¿ 
ÿêîãî âåãåòàòèâíà ôàçà ïîäîâæóºòüñÿ, à öâ³-
ò³ííÿ – çàòðèìóºòüñÿ íà 4–5 ä³á, º íàéêðà-
ùèì ç-ïîì³æ óñ³õ â³äîìèõ ãåí³â ñàìå ÷åðåç 
ñëàáêèé âïëèâ íà ³íäóêö³þ öâ³ò³ííÿ. Ñóò-
òºâî ï³äâèùèòè âðîæàéí³ñòü íàñ³ííÿ ñî¿ ó 
ðàç³ ïîäîâæåííÿ âåãåòàö³¿ ëèøå íà 4–5 ä³á 
ìîæëèâî ï³ðàì³äóâàííÿì ãåíà Å7 ó ãåíîòè-
ïàõ ñêîðîñòèãëèõ ñîðò³â [6].

Òàêèì ÷èíîì, âèçíà÷åííÿ íàÿâíîñò³ ãåíà 
E7 ó ãåíîôîíä³ ñî¿ é îö³íþâàííÿ éîãî àãðî-
íîì³÷íîãî çíà÷åííÿ º àêòóàëüíèì çàâäàííÿì. 
Ïîøóê äæåðåë ãåíà E7 ç âèêîðèñòàííÿì ã³á-
ðèäîëîã³÷íîãî àíàë³çó óñêëàäíþºòüñÿ ÷åðåç 
éîãî ñëàáêèé åôåêò. Òîìó äëÿ òàêîãî ïîøóêó 
ñë³ä âèêîðèñòîâóâàòè ìîëåêóëÿðí³ ìàðêåðè. 

Ëîêóñ Å7, äîñë³äæåíèé íà ³çîë³í³ÿõ ‘Haro-
soy’, ò³ñíî ïîâ’ÿçàíèé ç E1 ³ T (pubescence 
color, êîë³ð îïóøåííÿ) [7] òà êàðòîâàíèé ó 
22,2 ñÌ-³íòåðâàë³ íà ãðóï³ ç÷åïëåííÿ Ñ2 ì³æ 
ì³êðîñàòåë³òíèìè ëîêóñàìè Satt100 ³ Satt460, 
ÿêèé òàêîæ ì³ñòèòü ì³êðîñàòåë³òíèé ëîêóñ 

Satt319 [8]. Îòæå, â ìåæàõ ðåã³îíó E1-T-E7 
âèçíà÷åíî ì³êðîñàòåë³òí³ ìàðêåðè Satt460, 
Satt319 ³ Satt100 ãåíà Å7.

Ìåòà äîñë³äæåíü – ïðîâåñòè òèïóâàííÿ 
ñîðò³â ñî¿ êóëüòóðíî¿ (Glycine max (L.) Merr.) 
óêðà¿íñüêî¿ òà çàêîðäîííî¿ ñåëåêö³¿ çà ì³êðî-
ñàòåë³òíèì ìàðêåðîì Satt100 ãåíà Å7 ôîòî-
ïåð³îäè÷íî¿ ÷óòëèâîñò³.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ìàòåð³àëîì äîñë³äæåíü áóëè 15 ñîðò³â 

óêðà¿íñüêî¿ òà çàêîðäîííî¿ ñåëåêö³¿: ‘Àíà-
òîë³¿âêà’, ‘Àíòàðåñ’, ‘Àïîëîí’, ‘Âàëþòà’, ‘Âà-
ñèëüê³âñüêà’, ‘Êè¿âñüêà 98’, ‘Ìåëüïîìåíà’, 
‘Îäåñüêà 150À’, ‘Îð³ÿ’, ‘Proteinka’ (Ñåðá³ÿ), 
‘Ñÿéâî’, ‘Óñòÿ’, ‘Ôàðâàòåð’, ‘Þã 30’, íàñ³ííÿ 
ÿêèõ íàäàíî â³ää³ëîì ñåëåêö³¿, ãåíåòèêè òà 
íàñ³ííèöòâà áîáîâèõ êóëüòóð Ñåëåêö³éíî-
ãåíåòè÷íîãî ³íñòèòóòó – Íàö³îíàëüíîãî 
öåíò ðó íàñ³ííºçíàâñòâà òà ñîðòîâèâ÷åííÿ,
‘Williams 82’ (ÑØÀ) îòðèìàíî ç êîëåê-
ö³¿ Soybean Germplasm Collection (United 
Sta tes Department of Agriculture, USDA, 
Agricultural Research Service, ARS, ÑØÀ).

²ç ñóì³ø³ 10 ïðîðîñòê³â (ï’ÿòèäîáîâèõ, åòè-
ëüîâàíèõ) îäåðæóâàëè ÄÍÊ ç âèêîðèñòàí-
íÿì íàáîðó äëÿ âèä³ëåííÿ ðîñëèííî¿ ãåíîì-
íî¿ ÄÍÊ «Thermo Scientific GeneJET Plant 
Genomic DNA Purification Mini Kit» (Thermo 
Scientific, ÑØÀ) çã³äíî ç ³íñòðóêö³ºþ.

Ïîë³ìåðàçíó ëàíöþãîâó ðåàêö³þ (ÏËÐ) 
ïðîâîäèëè íà òåðìîöèêëåð³ Ò100ÒÌ Thermal 
Cycler (BioRad, ÑØÀ) ó òàêîìó ðåæèì³: 94 °C
– 4 õâ; 35 öèêë³â – 94 °C – 40 ñåê., 58 °C – 1 õâ,
72 °C – 1 õâ 20 ñåê.; 72 °C – 2 õâ. Ðåàêö³é-
íà ñóì³ø ì³ñòèëà: 30 íã ÄÍÊ, 0,3 ìêÌ
êîæíîãî ïðàéìåðà, 250 ìêÌ êîæíîãî 
äÍÒÔ, 1,5 ìÌ MgCl

2
, 0,75 îä. Taq ÄÍÊ-

ïîë³ìåðàçè, 1×ÏËÐ áóôåð. ÏËÐ-àíàë³ç ñó-
ïðîâîäæóâàëè íåãàòèâíèì (áåçìàòðè÷íèì) 
êîíòðî ëåì. Ïîñë³äîâí³ñòü (5’-3’) ïðàéìåð³â: 
ïðÿìî ãî – acctcattttggcataaa, çâîðîòíîãî – 
ttggaaaacaagtaataataaca [9].

Äëÿ ðîçïîä³ëó ïðîäóêò³â àìïë³ô³êàö³¿ 
âè êîðèñòàëè ìåòîä ãîðèçîíòàëüíîãî ãåëü-
åëåêòðîôîðåçó â 3% àãàðîçíîìó ãåë³. Ðîçì³ð 
ïðîäóêò³â àìïë³ô³êàö³¿ âèçíà÷àëè çà ïðîãðà-
ìîþ «GelAnalyzer 2010a» (ë³öåíç³ÿ íå ïîòð³áíà).

Ðåçóëüòàòè äîñë³äæåíü
Ç âèêîðèñòàííÿì ÏËÐ-àíàë³çó ì³êðîñà-

òåë³òíîãî ëîêóñó Satt100, ùî º ìàðêåðîì 
ãåíà Å7, ïðîâåëè òèïóâàííÿ 15 ñîðò³â ñî¿ 
(ðèñóíîê). 

Îòðèìàíî ïðîäóêòè àìïë³ô³êàö³¿ ëîêóñó 
Satt100 ðîçì³ðàìè 133, 149 òà 168 ï.í. (òàá-
ëèöÿ). Óñ³ ñîðòè, êð³ì ñîðòó ‘Îäåñüêà 150À’, 
áóëè ãîìîãåííèìè çà ãåíîì Å7. 
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Çà ðåçóëüòàòàìè ìîëåêóëÿðíî-ãåíåòè÷íèõ 
äîñë³äæåíü [10] ë³í³é ñî¿ ñîðòó ‘Harovoy’, 
³çî ãåííèõ çà Å-ãåíàìè (ë³í³ÿ ÎÒ 94-47 
ìàº ãåíîòèï å1å2Å3å4å5Å7, ë³í³ÿ ÎÒ 89-5 – 
å1å2å3å4å5Å7, ë³í³ÿ ÎÒ 94-41 – å1å2å3å4å5Å7), 
âñòàíîâëåíî, ùî ïðîäóêò àìïë³ô³êàö³¿ ì³êðî-
ñàòåë³òíîãî ëîêóñó Satt100 ðîçì³ðîì 168 ï.í. 
ìàðêóº äîì³íàíòíèé àëåëü Å7 íå÷óòëèâîñò³ 
äî ôîòîïåð³îäó, à ðîçì³ðîì 133 ï.í. – ðåöå-
ñèâíèé àëåëü å7. Òàêîæ ï³ä ÷àñ òåñòóâàííÿ 
86 ñîðò³â ñî¿ îòðèìàíî ôðàãìåíòè àìïë³ô³-
êàö³¿ ³íøèõ ðîçì³ð³â – 115, 116, 143, 149 ï.í. 
Ôðàãìåíòè 143 ³ 149 ï.í. ðîçãëÿäàëè ÿê â³ä-
ïîâ³äí³ å7, òîä³ ÿê ³äåíòèô³êàö³ÿ àëåëüíî¿ 
ôîðìè ç 115 ³ 116-ï.í.–ïðîäóêòàìè ïîòðåáóº 
äîäàòêîâèõ äîñë³äæåíü. 

Ó òàáëèö³ ñîðòè ðîçòàøîâàíî çà ãðóïàìè 
ñòèãëîñò³. Ïîð³âíþâàëè íàÿâí³ñòü ïåâíîãî 
àëåëÿ ãåíà Å7 ó ãåíîòèï³ ñîðòó ç íàëåæ-
í³ñòþ äî ãðóïè ñòèãëîñò³. Çâ’ÿçîê â³äì³÷åíî 
äëÿ ñîðò³â ³ç âåãåòàö³éíèì ïåð³îäîì äî 100 
³ ïîíàä 110 ä³á: äëÿ öèõ ñîðò³â õàðàêòåðí³ 
ôðàãìåíòè àìïë³ô³êàö³¿ ëîêóñó Satt100, ùî 
ìàðêóþòü ðåöåñèâíèé òà äîì³íàíòíèé àëåë³ 
â³äïîâ³äíî. Ñåðåä ñåìè ñåðåäíüîðàíí³õ ñîð-
ò³â ÷îòèðè ìàëè ðåöåñèâíèé àëåëü å7. Òàêèì 
÷èíîì, ñïîñòåð³ãàëè çàãàëüíó òåíäåíö³þ 
çì³íè â ãåíîòèïàõ ñîðò³â ðåöåñèâíîãî àëåëÿ 
å7 íà äîì³íàíòíèé àëåëü Å7 ³ç ïîäîâæåííÿì 
âåãåòàö³éíîãî ïåð³îäó. 

Ðåçóëüòàòè òèïóâàííÿ äâîõ ñîðò³â – ‘Óñòÿ’ ³ 
’Þã 30’, ùî äîñë³äæåíî Rozenzweig ³ç ñï³âàâ-

òîðàìè [10] é íàìè, çá³ãëèñÿ ùîäî âñòàíîâ-
ëåííÿ å7-ãåíîòèïó. Ïðîòå ðîçì³ðè àìïë³ô³êà-
ö³¿ ëîêóñó Satt100 áóëè ð³çíèìè: 133 ³ 143 ï.í.
ó äîñë³äæåíí³ V. Rozenzweig ³ç ñï³âàâòîðà-
ìè [10] òà 149 ï.í. ó íàøîìó äëÿ îáîõ ñîð-
ò³â: ‘Óñòÿ’ ³ ‘Þã 30’. Àíàëîã³÷í³ äîñë³äæåííÿ 
ïðîâåäåíî ï³ä ÷àñ òèïóâàííÿ 15 ñåëåêö³éíèõ 
ë³í³é ñî¿ ²íñòèòóòó êîðì³â òà ñ³ëüñüêîãî ãîñ-
ïîäàðñòâà Ïîä³ëëÿ ÍÀÀÍ Óêðà¿íè [11, 12] 
òà 23 áàòüê³âñüêèõ ñîðò³â ³ â³äïîâ³äíèõ ë³í³é 
[13]. Àâòîðàìè îòðèìàíî ôðàãìåíòè àìïë³ô³-
êàö³¿ ëîêóñó Satt100 ðîçì³ðàìè 143, 149, 152, 
168 ï.í. òà 145, 149, 182 ï.í. â³äïîâ³äíî.

Îòæå, â ð³çíèõ äîñë³äæåííÿõ ãåíà Å7 
³ç âèêîðèñòàííÿì ìàðêåðà Satt100 (³ ò³º¿ 
æ ïàðè ïðàéìåð³â) îòðèìàíî ïðîäóêòè 
àìïë³ ô³êàö³¿ ð³çíîãî ðîçì³ðó. Àëå ïðè 
öüîìó âèÿâëåíî òåíäåíö³þ äî çâ’ÿçêó 
á³ëüø âèñîêîìîëåêóëÿðíîãî ôðàãìåíòà ç 
äîì³íàíòíèì àëåëåì, à íèçüêîìîëåêóëÿð-
íèõ ôðàãìåíò³â – ³ç ðåöåñèâíèì. Ìîæëèâî, 
äåëåö³ÿ â ëîêóñ³ Satt100, ùî ïðèçâîäèòü 
äî çìåíøåííÿ ðîçì³ðó ôðàãìåíòà àìïë³ô³-
êàö³¿ é, â³äïîâ³äíî, çâ’ÿçêó ç ðåöåñèâíèì 
àëåëåì, º ôóíêö³îíàëüíèì ìàðêåðîì ãåíà 
Å7. Äîö³ëüíî ñèêâåíóâàòè ôðàãìåíòè àìï-
ë³ô³êàö³¿ ³ ïðîâåñòè á³î³íôîðìàòè÷í³ äîñ-
ë³äæåííÿ ïîë³ìîðô³çìó ëîêóñó Satt100 òà 
ãåíà Å7. 

Ñë³ä çàçíà÷èòè, ùî ó âèùåçãàäàíîìó äîñ-
ë³äæåíí³ [10] àëåëüíèé ñòàí ãåíà Å7 âñòà-
íîâëþâàëè çà ãàïëîòèïîì çà äâîìà ì³êðîñà-

                              1          2           3          4          5           6          7         8          9          Ì        10        11         Ê
Ðèñ. Åëåêòðîôîðåãðàìà ðîçïîä³ëó ïðîäóêò³â àìïë³ô³êàö³¿ ì³êðîñàòåë³òíîãî ëîêóñó Satt100 
ó ñîðòàõ ñî¿ ‘Âàñèëüê³âñüêà’ (1), ‘Óñòÿ’ (2), ‘Ñÿéâî’ (3), ‘Àíàòîë³¿âêà’ (4), ‘Îäåñüêà 150À’ (5), 

‘Êè¿âñüêà 98’ (6), ‘Îð³ÿ’ (7), ‘Ôàðâàòåð’ (8), ‘Âàëþòà’ (9), ‘Àíòàðåñ’ (10), ‘Þã 30’ (11)

Ïðèì³òêà. Ì – ìàðêåð ìîëåêóëÿðíî¿ ìàñè Ì29 (ÑèáÝíçèì, ÐÔ) (ôðàãìåíòè 250, 500, 750, 1000 ... ï.í.). Ê – íåãàòèâíèé 
(áåçìàòðè÷íèé) êîíòðîëü ÏËÐ. Ñòð³ëêàìè âêàçàíî (çâåðõó äîíèçó) ôðàãìåíòè àìïë³ô³êàö³¿ ðîçì³ðàìè 168, 149, 133 ï.í. 
â³äïîâ³äíî.
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òåë³òíèìè ëîêóñàìè Satt100 ³ Satt319, ÿêèé 
òàêîæ ç÷åïëåíèé ç ãåíîì Å7. Öå êîðåêòí³øå 
äëÿ âèñíîâêó ùîäî àëåëüíîãî ñòàíó ãåíà Å7. 
Äëÿ ï³äâèùåííÿ ïðîãíîçóþ÷îãî ïîòåíö³àëó 
ñèñòåìè ìàðêåð³â Å-ãåí³â òàêîæ íåîáõ³äíî 
âñòàíîâèòè ãàïëîòèïè çà âñ³ìà ãåíàìè ôîòî-
ïåð³îäè÷íî¿ ÷óòëèâîñò³.

Îòæå, íàñòóïíèìè åòàïàìè äîñë³äæåííÿ 
ìàþòü áóòè á³î³íôîðìàòè÷íèé àíàë³ç ãåí³â 
ôîòîïåð³îäè÷íî¿ ÷óòëèâîñò³, ñèêâåíóâàííÿ 
ôðàãìåíò³â àìïë³ô³êàö³¿ ð³çíîãî ðîçì³ðó òà 
ïîð³âíÿííÿ ¿õ ç ³ñíóþ÷èìè ó áàçàõ äàíèõ íó-
êëåîòèäíèõ ïîñë³äîâíîñòåé, òèïóâàííÿ çðàç-
ê³â ñî¿ çà ìàðêåðàìè ³íøèõ ãåí³â ôîòîïå-
ð³îäè÷íî¿ ÷óòëèâîñò³, ïîð³âíÿííÿ ç ³íøèìè 
îçíàêàìè (ïîñóõîòîëåðàíòí³ñòü, óðîæàéí³ñòü 
òà ³í.) ³ ðîçðîáëåííÿ íàä³éíî¿ ìàðêåðíî¿ ñèñ-
òåìè. Ìîëåêóëÿðíî-ìàðêåðíà ñåëåêö³ÿ çà 
ãåíîì Å7 é ³íøèìè, ùî êîíòðîëþþòü ÷àñ 
öâ³ò³ííÿ ³ äîçð³âàííÿ ðîñëèí, òà ï³ðàì³äó-
âàííÿ ïåâíèõ àëåë³â â îäíîìó ãåíîòèï³ ðîç-
ãëÿäàþòüñÿ ÿê íåîáõ³äíèé åòàï ñåëåêö³¿ ñî¿ 
íà ï³äâèùåííÿ âðîæàéíîñò³.

Âèñíîâêè
Çà ðåçóëüòàòàìè òèïóâàííÿ çà ì³êðîñàòå-

ë³òíèì ëîêóñîì Satt100, ùî º ìàðêåðîì ãåíà 
Å7 ôîòîïåð³îäè÷íî¿ ÷óòëèâîñò³, äëÿ 15 ñîð-
ò³â ñî¿ âèçíà÷åíî íàÿâí³ñòü ðåöåñèâíîãî àáî 
äîì³íàíòíîãî àëåëÿ ãåíà Å7. Äëÿ á³ëüøîñò³ 
çðàçê³â âñòàíîâëåíî â³äïîâ³äí³ñòü íàÿâíîñò³ 
ïåâíîãî àëåëÿ ãåíà Å7 òà òðèâàëîñò³ âåãåòà-
ö³éíîãî ïåð³îäó. Ïîð³âíÿííÿ ç ðåçóëüòàòàìè 
äîñë³äæåíü ³íøèõ íàóêîâö³â ñâ³ä÷èòü ïðî 
íåîáõ³äí³ñòü ñèêâåíóâàííÿ òà á³î³íôîðìà-
òè÷íîãî àíàë³çó ôðàãìåíò³â àìïë³ô³êàö³¿ 
ëîêóñó Satt100.
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Òàáëèöÿ
Äàí³ ì³êðîñàòåë³òíîãî àíàë³çó ñîðò³â ñî¿ çà ëîêóñîì Satt100

Ñîðò Ðîçì³ð ôðàãìåíòà àìïë³ô³êàö³¿ 
ëîêóñó Satt100, ï.í.

Àëåëü ãåíà
Å7 / å7 Ãðóïà ñòèãëîñò³ Òðèâàë³ñòü âåãåòàö³éíîãî

ïåð³îäó, ä³á
‘Óñòÿ’ 149 å7 ÑÊÑ* äî 90
‘Êè¿âñüêà 98’ 149 å7 ÐÑ*

91–100‘Þã 30’ 149 å7 ÐÑ**
‘Àïîëîí’ 133 å7 ÐÑ*
‘Âàëþòà’ 149 å7 ÑÐ*

101–110

‘Âàñèëüê³âñüêà’ 149 å7 ÑÐ*
‘Ôàðâàòåð’ 168 Å7 ÑÐ*
‘Àíòàðåñ’ 149 å7 ÑÐ*
‘Îð³ÿ’ 168 Å7 ÑÐ*
‘Ñÿéâî’ 168 Å7 ÑÐ*
‘Proteinka’ 133 å7 ÑÐ**
‘Àíàòîë³¿âêà’ 168 Å7 ÑÑ*

111–120‘Îäåñüêà 150À’ 149, 168 Å7 + å7 ÑÑ*
‘Ìåëüïîìåíà’ 168 Å7 ÑÑ*
‘Williams 82’ 168 Å7 ÏÑ (²²²)*** ïîíàä 130–140

Ïðèì³òêà. Ñîðò ÑÊÑ – ñêîðîñòèãëèé, ÐÑ – ðàííüîñòèãëèé, ÑÐ – ñåðåäíüîðàíí³é, ÑÑ – ñåðåäíüîñòèãëèé, 
ÏÑ – ï³çíüîñòèãëèé çã³äíî ³ç: * [1]; ** äàíèìè â³ää³ëó ñåëåêö³¿, ãåíåòèêè òà íàñ³ííèöòâà áîáîâèõ 
êóëüòóð ÑÃ²–ÍÖÍÑ; *** ñóïðîâ³äíèì äîêóìåíòîì Soybean Germplasm Collection (USDA, ARS, ÑØÀ).



377ISSN 2518-1017  Plant Varieties Studying and protection, 2017, Vol. 13, No 4

Genetics

³íòåðíåò-êîíô. (ì. Õåðñîí, 9 ãðóäíÿ 2016 ð.). Õåðñîí, 2016. 
Ñ. 52–54.

12. Zharikova D. Polymorphism of soybean cultivars and breeding 
lines revealed by marker Satt100 associated with the E7 locus, 
that involved in determination of time to flowering / Flash 
presentations. Breeding Grasses and Protein Crops in the Era 
of Genomics. À Joint Meeting of EUCARPIA Fodder Crops and 
Amenity Grasses Section and Protein Crops Working Group of Oil 
and Protein Crops Section (Vilnius, 11–14 sept. 2017). Vilnius, 
Lithuania. URL: https://www.eucarpia2017.lt/wp-content/
uploads/2017/10/48-zharikova-01-report-12.09.17.pdf

13. Zharikova D., Ivanyuk S., Chebotar G. et al. Polymorphism of 
soybean cultivars and breeding lines revealed by marker Satt100 
associated with the E7 locus. Breeding Grasses and Protein Crops 
in the Era of Genomics. Book of Abstracts of the Joint Meeting 
of EUCARPIA Fodder Crops and Amenity Grasses Section and 
Protein Crops Working Group of Oil and Protein Crops Section. 
(Vilnius, 11–14 sept. 2017). Vilnius, Lithuania, 2017. P. 60.

References 
1. State register of plant varieties suitable for dissemination in 

Ukraine in 2017. (2017). (ðð. 208–216). Kyiv: Alefa. [in Ukrai-
nian] 

2. Gupta, S., Bhatia, V., Kumawat, G.,  Thakur, D., Singh, G., Tripathi, R., … 
Chand, S. (2017). Genetic analyses for deciphering the status and 
role of photoperiodic and maturity genes in major Indian soybean 
cultivars. J. Genet., 96(1), 147–154. doi: 10.1007/s12041-016-0730-2

3. Jia, H., Jiang, B., Wu, C., Lu, W., Hou, W., Sun, S., Yan, H., & Han, T. 
(2014). Maturity group classification and maturity locus 
genoty ping of early-maturing soybean varieties from high-
latitude cold regions. PLoS ONE, 9(4): e94139. doi: 10.1371/
journal.pone.0094139

4. Watanabe, S., Harada, K., & Abe, J. (2012). Genetic and molecu-
lar bases of photoperiod responses of flowering in soybean. 
Breed. Sci., 61(5), 531–543. doi: 10.1270/jsbbs.61.531

5. Kong, F., Nan, H., Cao, D., Li, Y., Wu, F., Wang, J., … Liu, B. (2014). 
A new dominant gene E9 conditions early flowering and matu-
rity in soybean. Crop Sci., 54(6), 2529–2535. doi: 10.2135/crop-
sci2014.03.0228

6. Rosenzweig, V., Goloenko, D., Davydenko, O., & Shablinskaya, O. 
(2003). Breeding strategies for early soybeans in Belarus. 
Plant Breed., 122(5), 456–458. 
doi: 10.1046/j.1439-0523.2003.00874.x

ÓÄÊ 577.21:575.22:581.6
Âîëêîâà Í. Ý.1, Ìèçåðíàÿ Í. À.2 Òèïèðîâàíèå ñîðòîâ ñîè êóëüòóðíîé (Glycine max (L.) Merr.) ïî ìèêðîñà-

òåëëèòíîìó ìàðêåðó Satt100 ãåíà Å7 ôîòîïåðèîäè÷åñêîé ÷óâñòâèòåëüíîñòè // Plant Varieties Studying and 
Protection. 2017. Ò. 13, ¹ 4. Ñ. 373–378. https://doi.org/10.21498/2518-1017.13.4.2017.117740

1Ñåëåêöèîííî-ãåíåòè÷åñêèé èíñòèòóò – Íàöèîíàëüíûé öåíòð ñåìåíîâîäñòâà è ñîðòîèçó÷åíèÿ, óë. Îâèäèîïîëüñêàÿ äîðîãà, 3,            
ã. Îäåññà, 65036, Óêðàèíà, e-mail: natavolki@ukr.net

2Óêðàèíñêèé èíñòèòóò ýêñïåðòèçû ñîðòîâ ðàñòåíèé, óë. Ãåíåðàëà Ðîäèìöåâà, 15, ã. Êèåâ, 03041, Óêðàèíà

Öåëü. Îñóùåñòâèòü òèïèðîâàíèå ñîðòîâ ñîè êóëüòóð-
íîé (Glycine max (L.) Merr.) óêðàèíñêîé è çàðóáåæíîé 
ñåëåêöèè ïî ìèêðîñàòåëëèòíîìó ìàðêåðó Satt100 ãåíà Å7 
ôîòîïåðèîäè÷åñêîé ÷óâñòâèòåëüíîñòè. Ìåòîäû. Âûäå-
ëåíèå ÄÍÊ èç ðîñòêîâ íà êîëîíêàõ ñ ñîðáèðóþùåé ìåìá-
ðàíîé; ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ; ãîðèçîíòàëüíûé 
ãåëü-ýëåêòðîôîðåç; îïðåäåëåíèå ðàçìåðîâ ïðîäóêòîâ àì-
ïëèôèêàöèè ñ èñïîëüçîâàíèåì ïðîãðàììû «GelAnalyzer 
2010a». Ðåçóëüòàòû. Ñ ïîìîùüþ àíàëèçà ìèêðîñàòåëëèò-
íîãî ëîêóñà Satt100, ÿâëÿþùåãîñÿ ìàðêåðîì ãåíà Å7, ïðî-
âåäåíî òèïèðîâàíèå 15 ñîðòîâ ñîè. Óñòàíîâëåíî íàëè÷èå 
ïðîäóêòîâ àìïëèôèêàöèè ðàçìåðîì 133, 149 è 168 ï.í., 
êîòîðûå ìàðêèðóþò ðåöåññèâíûé è äîìèíàíòíûé àëëåëè 
ãåíà Å7 ñîîòâåòñòâåííî. Âñå èññëåäóåìûå ñîðòà, êðîìå ñîð-
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ðàçìåðîâ, íî ïðè ýòîì âûÿâëåíî òåíäåíöèþ ñâÿçè áîëåå 
âûñîêîìîëåêóëÿðíîãî ôðàãìåíòà ñ äîìèíàíòíûì ãåíîì, à 
íèçêîìîëåêóëÿðíûõ – ñ ðåöåññèâíûì ãåíîì. Âûâîäû. Ïî 
ðåçóëüòàòàì òèïèðîâàíèÿ ïî ìèêðîñàòåëëèòíîìó ìàðêåðó 
Satt100 ãåíà Å7 ôîòîïåðèîäè÷åñêîé ÷óâñòâèòåëüíîñòè 
äëÿ 15 ñîðòîâ ñîè îïðåäåëåíî íàëè÷èå ðåöåññèâíîãî èëè 
äîìèíàíòíîãî àëëåëÿ ãåíà Å7. Äëÿ áîëüøèíñòâà îáðàçöîâ 
óñòàíîâëåíî ñîîòâåòñòâèå íàëè÷èÿ îïðåäåëåííîãî àëëå-

ëÿ ãåíà Å7 è ïðîäîëæèòåëüíîñòè âåãåòàöèîííîãî ïåðèî-
äà. Íàëè÷èå ôðàãìåíòîâ àìïëèôèêàöèè ðàçíîãî ðàçìåðà, 
õàðàêòåðíûõ äëÿ ðåöåññèâíîãî àëëåëÿ, ñâèäåòåëüñòâóåò 
î íåîáõîäèìîñòè ñåêâåíèðîâàíèÿ è áèîèíôîðìàòè÷íîãî 
àíàëèçà ôðàãìåíòîâ àìïëèôèêàöèè ëîêóñà Satt100.

Êëþ÷åâûå ñëîâà: ñîðòà ñîè êóëüòóðíîé, âåãåòàöèîí-
íûé ïåðèîä, ìàðêåð, ãåí, ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ, 
ãàïëîòèï.

Purpose. Typing  soybean (Glycine max (L.) Merr.) culti-
vars of Ukrainian and foreign breeding for microsatellite mar-
ker Satt100 of E7 gene of photoperiod sensitivity. Methods.
DNA recover from seedlings on columns with sorbing mem-
brane; polymerase chain reaction (PCR); horizontal gel electro-
phoresis; amplification products size determination using 

“GelAnalyzer 2010a” program. Results. PCR analysis of the 
microsatellite locus Satt100 to be the marker of the E7 gene 
was used for typing 15 soybean cultivars. Availability of the 
133, 149 and 168 bp amplification products has been estab-
lished that marked recessive and dominant alleles of Å7 gene 
correspondingly. All varieties, except ‘Odeska 150A’, were ho-
mogeneous for the microsatellite locus Satt100. Genotypes 
of eight varieties has the recessive allele e7, six ones – the 
dominant allele E7. Availability of the certain allele of the 
E7 gene was compared in variety genotype with belonging 
to the maturity group. The association was found for variet-
ies with vegetation period up to 100 days: all four varieties 
of this group had the e7 allele, for varieties with vegeta-
tion period more than 110 days: for all four varieties of this 

group the Satt100 locus amplification fragments that mark 
the dominant allele are specific. Among seven middle-aged 
varieties, four of them had the recessive allele e7, three of 
them – dominant allele Å7. According to the presented in-
formation, some scientists obtained amplification fragments 
of different size, but the tendency was revealed concerning 
the association of the higher molecular fragments with the 
dominant gene, and the low molecular fragments with the 
recessive gene. Conclusions. Based on the results of typing 
of 15 soybean varieties for the microsatellite marker Satt100 
of E7 gene of photoperiod sensitivity, it was determined 
availability of recessive or dominant allele of E7 gene. For 
most samples, the concordance of availability of the certain 
allele of E7 gene and the duration of the vegetation period 
was established. Availability of  amplification fragments 
of different size to be specific for recessive allele testified 
the need for sequencing and bioinformatic analysis of the 
Satt100 locus amplification fragments. 

Keywords: soybean cultivars, vegetative period, marker, 
polymerase chain reaction, haplotype.

Íàä³éøëà / Received 16.10.2017
Ïîãîäæåíî äî äðóêó / Accepted 14.11.2017


