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Âñòóï 
Ïðîâ³äíîþ çåðíîâîþ êóëüòóðîþ â Óêðà¿í³ 

º ïøåíèöÿ îçèìà (Triticum aestivum L.), çà 
ïîñ³âíèìè ïëîùàìè (5,9–6,5 ìëí ãà) âîíà ïå-
ðåâàæàº ³íø³ êîëîñîâ³ é ñòàíîâèòü îñíîâó 
ôîðìóâàííÿ õë³áíîãî áàëàíñó êðà¿íè [1]. Â 
óìîâàõ ðèíêîâî¿ åêîíîì³êè, çðîñòàííÿ êîí-
êóðåíö³¿ íà ðèíêó òà ó çâ’ÿçêó ç³ âñòóïîì 
Óêðà¿íè äî Ñâ³òîâî¿ îðãàí³çàö³¿ òîðã³âë³ íà-
áóâàº îñîáëèâî¿ àêòóàëüíîñò³ ï³äâèùåííÿ 
êîíêóðåíòîñïðîìîæíîñò³ ñ³ëüñüêîãîñïîäàð-
ñüêî¿ ïðîäóêö³¿. 

Îñîáëèâó óâàãó ñë³ä ïðèä³ëÿòè ïîêðà-
ùåííþ êîíêóðåíòîñïðîìîæíîñò³ çåðíîâî¿ 
ïðîäóêö³¿, ó òîìó ÷èñë³ ï³äâèùåííþ ¿¿ òåõ-
í³÷íîãî òà ÿê³ñíîãî ð³âíÿ [2, 3]. Âîäíî÷àñ 
âèìîãè ñïîæèâà÷³â äî õàð÷îâèõ ³ õë³áîïå-

êàðñüêèõ âëàñòèâîñòåé çðîñòàþòü òà ðîçøè-
ðþþòüñÿ, çîêðåìà àêòóàëüíèì º ñòâîðåííÿ 
ñîðò³â êîíäèòåðñüêîãî íàïðÿìó âèêîðèñ-
òàííÿ, íåîáõ³äíèõ äëÿ âèãîòîâëåííÿ á³ñêâ³-
ò³â ³ ïå÷èâà [4].

Òîâàðí³ êëàñèô³êàö³¿ çåðíà â äåÿêèõ êðà¿-
íàõ ªâðîñîþçó çàñíîâàí³ íà îñîáëèâîñòÿõ 
ñòðóêòóðè åíäîñïåðìó, â Óêðà¿í³ öåé ïîêàç-
íèê íå âðàõîâóþòü [5–8]. Ó ñâ³ò³ óñï³øíî âå-
äóòü ñåëåêö³þ ñîðò³â ïøåíèö³ ñïåö³àëüíîãî 
ïðèçíà÷åííÿ. Ñòâîðåíî ñîðòè ïøåíèö³ òèïó 
soft, ñåðåä íèõ ‘Ami’, ‘MV Irma’, ‘Webster’, 
‘Wisdom’, ‘FS 401’ òà ³í., îäíàê ÷åðåç íèçüêèé 
ð³âåíü àäàïòèâíîñò³ äî ì³ñöåâèõ óìîâ âèðî-
ùóâàííÿ ¿õ íå âïðîâàäæóþòü íà òåðèòîð³¿ 
Óêðà¿íè [9]. Íà 2020 ð³ê äî Ðåºñòðó ñîðò³â 
ðîñëèí Óêðà¿íè âíåñåíî ëèøå äâà ñîðòè 
ì’ÿêîçåðíî¿ ïøåíèö³ – ‘Á³ëÿâà’ (Ñåëåêö³éíî-
ãåíåòè÷íèé ³íñòèòóò – Íàö³îíàëüíèé öåíòð 
íàñ³ííºçíàâñòâà òà ñîðòîâèâ÷åííÿ, UA) òà 
‘Àðêåîêñ’ (Limagrain Europe, FR), ÿê³ ìàþòü 
íåîáõ³äí³ äëÿ êîíäèòåðñüêèõ ïøåíèöü ïî-
êàçíèêè [10]. 

Òâåðäîçåðí³ñòü ïøåíèö³ ì’ÿêî¿ º îäí³ºþ ç 
íàéâàæëèâ³øèõ õàðàêòåðèñòèê ÿêîñò³ çåðíà 
³ ìàº áåçïîñåðåäíº â³äíîøåííÿ äî ðîçìåëó 
çåðíà, çàì³øóâàííÿ ò³ñòà òà âèãîòîâëåííÿ 
õë³áîáóëî÷íèõ âèðîá³â. Çàëåæíî â³ä ïðîÿâ-
ëåííÿ ö³º¿ îçíàêè çåðíî ïøåíèö³ ìîæå áóòè 
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Ìåòà. ²äåíòèô³êóâàòè çà àëåëüíèì ñòàíîì ãåíè Pina-D1 ³ Pinb-D1 ñîðò³â òà ë³í³é ïøåíèö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ 
²íñòèòóòó ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà ÍÀÀÍ äëÿ ö³ëüîâîãî âèêîðèñòàííÿ â ñåëåêö³¿ íà âèñîê³ êîíäèòåðñüê³ ïîêàçíè-
êè áîðîøíà. Ìåòîäè. Àëåëüíèé ñòàí ãåí³â Pina-D1 ³ Pinb-D1 ³äåíòèô³êóâàëè ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ 
(ÏËÐ) ç âèêîðèñòàííÿì àëåëü-ñïåöèô³÷íèõ ïàð ïðàéìåð³â. Êîíäèòåðñüê³ âëàñòèâîñò³ áîðîøíà îö³íþâàëè, âèçíà÷èâ-
øè ïîêàçíèêè ÿêîñò³: âîäîïîãëèíàëüíó çäàòí³ñòü áîðîøíà (ÂÏÇ), ïðîáíå âèï³êàííÿ ïå÷èâà òà îö³íþâàííÿ éîãî ÿêîñò³. 
Ðåçóëüòàòè. Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó 9 çðàçê³â ìàëè àëåëüíèé ñêëàä ãåí³â ïóðî³íäîë³í³â (Pina-D1a ³ Pinb-D1à), 
õàðàêòåðíèé äëÿ ì’ÿêîçåðíèõ ñîðò³â. Êðàùèì çà êîíäèòåðñüêèìè âëàñòèâîñòÿìè áóëî áîðîøíî ë³í³é ‘L137-26-0-2’, 
‘L137-26-0-3’, âîíî ìàëî ïîêàçíèê ÂÏÇ ìåíøèé 55%, ä³àìåòð ïå÷èâà 85 ìì, âèñîòó – 10 ìì, îö³íêó ïîâåðõí³ – 7–9 áàë³â, 
ùî â³äïîâ³äàëî âèìîãàì äî ì’ÿêîçåðíèõ ïøåíèöü. 76% çðàçê³â íàëåæàëè äî òâåðäîçåðíèõ ñîðò³â òà ìàëè â³äïîâ³äí³ 
àëåë³ ãåí³â Pina-D1 àáî Pinb-D1. Ó äîñë³äæåí³é âèá³ðö³ ãåí Pina-D1 áóâ ïðåäñòàâëåíèé 2 àëåëÿìè: Pina-D1à òà Pina-D1b. 
27 çðàçê³â ìàëè àëåëü Pina-D1à, ùî òàêîæ äîçâîëèëî âèêîðèñòîâóâàòè ¿õ â ñåëåêö³éíèõ ïðîãðàìàõ íà ÿê³ñòü çåðíà 
ïðè ñõðåùóâàíí³ ç³ çðàçêàìè òèïó soft, 4 – àëåëü Pina-D1b. Çà ãåíîì Pinb-D1 âñ³ òâåðäîçåðí³ çðàçêè ìàëè àëåëü Pinb-
D1b, à ë³í³ÿ ‘Åðèòðîñïåðìóì S 424-1/14’ áóëà ãåòåðîãåííîþ Pinb-D1à/Pinb-D1b. Áîðîøíî öèõ çðàçê³â ìàëî õàðàêòåðí³ 
äëÿ òâåðäîçåðíî¿ ïøåíèö³ ïîêàçíèêè ÿêîñò³: ÂÏÇ 68% ³ á³ëüøå, ä³àìåòð ïå÷èâà 60–72 ìì, âèñîòà – 13–15 ìì, îö³íêà 
ïîâåðõí³ – 1–4 áàëè. Âèñíîâêè. Âèêîíàí³ äîñë³äæåííÿ äîçâîëèëè åôåêòèâíî äèôåðåíö³þâàòè ñåëåêö³éíèé ìàòåð³àë 
³ ïåðåäàòè íà êâàë³ô³êàö³éíó åêñïåðòèçó ñîðò ïøåíèö³ ì’ÿêî¿ îçèìî¿ êîíäèòåðñüêîãî íàïðÿìó âèêîðèñòàííÿ ‘L137-
26-0-3’ (‘Ìàçóðîê’), ÿêèé ìàº àëåëüíèé ñêëàä ãåí³â ïóðî³íäîë³í³â (Pina-D1a ³ Pinb-D1à), õàðàêòåðíèé äëÿ ì’ÿêîçåðíèõ 
ñîðò³â, òà âèñîê³ êîíäèòåðñüê³ âëàñòèâîñò³ áîðîøíà. 
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â³äíåñåíå äî õë³áîïåêàðñüêîãî àáî êîíäèòåð-
ñüêîãî òèïó [11]. Ïðè ïîð³âíÿíí³ ç çåðí³âêà-
ìè, ÿê³ ìàþòü ì’ÿêèé åíäîñïåðì, ó ñîðò³â ç 
òâåðäèì åíäîñïåðìîì ðîçìåë çåðíà – òðèâà-
ëèé òà åíåðãîºìíèé ïðîöåñ. Ó éîãî ðåçóëüòà-
ò³ óòâîðþºòüñÿ áîðîøíî ç âåëèêèìè ÷àñòèí-
êàìè, ùî ì³ñòÿòü âåëèêó ê³ëüê³ñòü óøêî-
äæåíèõ êðîõìàëüíèõ çåðåí, çàâäÿêè ÷îìó 
âîíî ìàº âèñîêó âîäîïîãëèíàëüíó çäàòí³ñòü 
(ÂÏÇ, %). ×åðåç äîñòóïí³ñòü âåëèêî¿ ê³ëü-
êîñò³ âóãëåâîä³â, ÿê ñóáñòðàòó äëÿ äð³æäæ³â, 
òàêå áîðîøíî êðàùå äëÿ âèï³÷êè äð³æäæî-
âîãî õë³áà [12]. ßê³ñí³ êîíäèòåðñüê³ âèðîáè 
âèãîòîâëÿþòü ç³ ñïåö³àëüíèõ ñîðò³â áîðîø-
íà, ÿêå îòðèìóþòü ïðè ïîìåë³ çåðíà ñïåöè-
ô³÷íèõ ì’ÿêîçåðíèõ (soft) ñîðò³â ïøåíèö³. 
Áîðîøíî ïøåíèöü êîíäèòåðñüêîãî íàïðÿìó 
âèêîðèñòàííÿ ñóòòºâî â³äð³çíÿºòüñÿ çà òåõ-
íîëîã³÷íèìè âëàñòèâîñòÿìè â³ä áîðîøíà 
ïøåíèö³ õë³áîïåêàðñüêî¿. Öå áîðîøíî ìàº 
õàðàêòåðíó êîíñèñòåíö³þ, âîíî ïóõê³øå çà 
õë³áîïåêàðñüêå ³ ìàº íèæ÷ó ïèòîìó âàãó, 
çíà÷íî íèæ÷ó ÂÏÇ ïîð³âíÿíî ç õë³áîïåêàð-
ñüêèì. Òàê³ òåõíîëîã³÷í³ õàðàêòåðèñòèêè áî-
ðîøíà çàáåçïå÷óþòü âèùó òåðìîïëàñòè÷-
í³ñòü ò³ñòà êîíäèòåðñüêîãî çàì³ñó â ïåðø³ 
õâèëèíè âèï³êàííÿ, çàâäÿêè ÷îìó ïå÷èâî 
âèõîäèòü ïóõê³øèì ³ ÿê³ñí³øèì ÿê çà îðãà-
íîëåïòè÷íèìè, ñìàêîâèìè, òàê ³ á³îëîã³÷íè-
ìè õàðàêòåðèñòèêàìè ïîæèâíîñò³ ïðîäóêòó 
[4]. Äîñë³äæåííÿìè õàðàêòåðó óñïàäêóâàí-
íÿ ñòðóêòóðè åíäîñïåðìó âñòàíîâëåíî, ùî 
â³äì³ííîñò³ ñîðò³â çà ö³ºþ îçíàêîþ âèçíà÷à-
þòü ê³ëüêà ç÷åïëåíèõ ãåí³â, ðîçì³ùåíèõ íà 
êîðîòêîìó ïëå÷³ õðîìîñîìè 5D ó ëîêóñ³ Íà 
(Hardness) [13, 14]. Ãåíè êîäóþòü òðè ïîë³-
ïåïòèäè, ÿê³ óòâîðþþòü á³ëîê ôð³àá³ë³í: ïó-
ðî³íäîë³í à (ãåí  Pina-D1), ïóðî³íäîë³í b (ãåí 
Pinb-D1) òà  Grain Softness Protein  (ãeí Gsp-
1). Çì³íè â àì³íîêèñëîòíîìó ñêëàä³ öèõ ïî-
ë³ïåïòèä³â ò³ñíî ïîâ’ÿçàí³ ³ç çì³íàìè â òåê-
ñòóð³ çåðíà. Ì’ÿêîçåðí³ ñîðòè ïøåíèö³ ì³ñ-
òÿòü îäíî÷àñíî «äèê³» àëåë³ ãåíà Ðina-D1 
(àëåëü Ðina-D1a) òà ãåíà Ðinb (àëåëü Ðinb-D1a), 
òîä³ ÿê òâåðäîçåðí³ ñîðòè ïøåíèö³ ì³ñòÿòü 
àáî äåëåö³þ ãåíà Ðina-D1, àáî îäíó ç «ìó-
òàíòíèõ» ôîðì ãåíà Ðinb-D1 (àëåë³ Pinb-D1b-g 
àáî Pinb-D1l) [15–17].

Çâàæàþ÷è íà ïåðñïåêòèâí³ñòü ðîçøèðåí-
íÿ ñåëåêö³éíèõ íàïðÿì³â  ç ìåòîþ ï³äâè-
ùåííÿ êîíêóðåíòîñïðîìîæíîñò³ ñîðò³â ïøå-
íèö³ ì’ÿêî¿ îçèìî¿ â ²íñòèòóò³ ðîñëèííèöòâà 
³ì. Â. ß. Þð’ºâà ÍÀÀÍ âèêîíóþòü â³äïîâ³ä-
í³ äîñë³äæåííÿ, à ñàìå: ïîøóê ³ çàëó÷åííÿ 
äî ñåëåêö³¿ íîâîãî âèõ³äíîãî ìàòåð³àëó äëÿ 
ñòâîðåííÿ ïøåíèöü òèïó soft. Ïî÷èíàþ÷è ç 
2001 ðîêó ñõðåùóþòü ñîðòè òà ë³í³¿ ç âèñî-
êèì àäàïòèâíèì ïîòåíö³àëîì ³ç ì’ÿêîçåðíèìè 

ñîðòàìè òà ë³í³ÿìè ñåëåêö³¿ çàðóá³æíèõ 
êðà¿í. Ó Íàö³îíàëüíîìó öåíòð³ ãåíåòè÷íèõ 
ðåñóðñ³â ðîñëèí Óêðà¿íè çàðåºñòðîâàíî 
ì’ÿêîçåðí³ ë³í³¿ [18–20], îçíàêîâà êîëåêö³ÿ 
çà êîíäèòåðñüêèìè âëàñòèâîñòÿìè [21], ñòâî-
ðåíî ö³ëèé ðÿä êîíñòàíòíèõ ñåëåêö³éíèõ ë³-
í³é êîíäèòåðñüêîãî íàïðÿìó âèêîðèñòàííÿ, 
ÿê³ íàðàç³ ïîïåðåäíüî âèïðîáîâóþòüñÿ, à 
ñîðò ì’ÿêîçåðíî¿ ïøåíèö³ ‘Ìàçóðîê’ ïåðåäà-
íî íà êâàë³ô³êàö³éíó åêñïåðòèçó äî Óêðà¿í-
ñüêîãî ³íñòèòóòó åêñïåðòèçè ñîðò³â ðîñëèí. 

Åôåêòèâíå âèêîðèñòàííÿ ³íîçåìíîãî ìàòå-
ð³àëó ïðè ã³áðèäèçàö³¿ ç àäàïòîâàíèìè äî 
óìîâ Óêðà¿íè âèñîêîâðîæàéíèìè ì³ñöåâèìè 
ñîðòàìè ìîæëèâå çà ³äåíòèô³êàö³¿ îñòàíí³õ 
çà àëåëüíèì ñòàíîì ãåí³â ïóðî³íäîë³í³â. Íà 
ñüîãîäí³ íàéàêòèâí³øå äîñë³äæóþòü àëåëü-
íèé ñêëàä öèõ ãåí³â ó ñîðò³â, ñòâîðåíèõ â 
Ñåëåêö³éíî-ãåíåòè÷íîìó ³íñòèòóò³ – Íàö³î-
íàëüíîìó öåíòð³ íàñ³ííºçíàâñòâà òà ñîðòî-
âèâ÷åííÿ ÍÀÀÍ, Ìèðîí³âñüêîìó ³íñòèòóò³ 
ïøåíèö³ ³ì. Â. Ì. Ðåìåñëà ÍÀÀÍ, Ïîëòàâ-
ñüê³é äåðæàâí³é àãðàðí³é àêàäåì³¿ [23, 24]. 

Ìåòà äîñë³äæåíü – ³äåíòèô³êóâàòè çà 
àëåëüíèì ñòàíîì ãåíè Pina-D1 ³ Pinb-D1 
çðàçê³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ²í-
ñòèòóòó ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà 
ÍÀÀÍ äëÿ ïîäàëüøîãî âèêîðèñòàííÿ â ñå-
ëåêö³¿ íà âèñîê³ êîíäèòåðñüê³ ïîêàçíèêè áî-
ðîøíà.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ó äîñë³äæåíí³ âèêîðèñòàíî çåðíî 25 ñîðò³â 

ïøåíèö³ ì’ÿêî¿ îçèìî¿, 12 ñåëåêö³éíèõ ë³í³é 
êîíäèòåðñüêîãî íàïðÿìó âèêîðèñòàííÿ, ùî 
ïîïåðåäíüî âèïðîáîâóþòüñÿ, 3 ë³í³é Triticum 
spelta L. ßê ñòàíäàðòè òåõíîëîã³÷íèõ ïîêàç-
íèê³â áîðîøíà âèêîðèñòîâóâàëè ì’ÿêîçåðíèé 
ñîðò ‘Á³ëÿâà’ òà òâåðäîçåðíèé ñîðò ‘Ïðèâà-
áëèâà’.

Ïîïåðåäí³é äîá³ð ì’ÿêîçåðíèõ ôîðì ïðî-
âîäèëè, âèçíà÷èâøè ïîêàçíèêè: ÂÏÇ áîðîø-
íà, ïðîáíî¿ âèï³÷êè òà îö³íþâàííÿ ÿêîñò³ 
ïå÷èâà [22].

Äëÿ ³äåíòèô³êàö³¿ àëåëüíîãî ñòàíó ãåí³â 
Pina-D1 ³ Pinb-D1 çðàçê³â ïøåíèö³ ì’ÿêî¿ 
îçèìî¿ âèêîðèñòàíî ìåòîä ïîë³ìåðàçíî¿ ëàí-
öþãîâî¿ ðåàêö³¿ (ÏËÐ) ç çàëó÷åííÿì ìàðêå-
ð³â ö³ëüîâèõ ãåí³â.

Âèä³ëåííÿ ÄÍÊ çä³éñíåíî ç 5 çåðíèí äåñÿ-
òè ³íäèâ³äóàëüíèõ ðîñëèí êîæíîãî çðàçêà ç 
âèêîðèñòàííÿì íàáîðó ðåàãåíò³â 
DiatomDNAPrep100 (Íåîãåí). Àìïë³ô³êàö³þ 
ÄÍÊ ïðîâåäåíî â ïðîá³ðêàõ ç ë³îô³ë³çîâàíèì 
íàáîðîì ðåàêòèâ³â äëÿ ÏËÐ (GenePak PCR 
core) â àìïë³ô³êàòîð³ Òåðöèê (Ðîñ³ÿ). 

Ðåàêö³éíó ñóì³ø äëÿ ÏËÐ-àíàë³çó, ùî 
ì³ñòèëà 20 íã âèä³ëåíî¿ ÄÍÊ, ïî 1 ìêÌ ïðÿ-
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ìîãî òà çâîðîòíüîãî ïðàéìåð³â, äîâîäèëè äî 
ê³íöåâîãî îá’ºìó (20 ìêë) ðîç÷èííèêîì ³ç íà-
áîðó äëÿ ÏËÐ.

²äåíòèô³êàö³þ àëåëüíîãî ñòàíó ãåí³â Pina-D1 
òà Pinb-D1 çä³éñíåíî ïðàéìåðàìè, çàïðîïîíî-

âàíèìè Gautier et al. [25] òà Klčováá et al. [26]. 
Äèôåðåíö³àö³þ Pinb-D1 àëåë³â (pinb-D1a òà 
pinb-D1b) ïðîâåäåíî àëåëü-ñïåöèô³÷íèìè ïàðà-
ìè ïðàéìåð³â [27] òà ðåñòðèêö³éíèì àíàë³çîì, 
çàïðîïîíîâàíèì Klčová et al. [26] (òàáë. 1). 

Òàáëèöÿ 1
Ïðàéìåðè äëÿ ³äåíòèô³êàö³¿ àëåë³â ãåí³â Pina-D1 òà Pinb-D1

Ãåí Äîâæèíà 
ôðàãìåíòà

Íàçâà 
ïðàéìåðà Ïîñë³äîâí³ñòü

Pina–D1 330 Pina-D1-F CCC TGT AGA GAC AAA GCT AA
Pina-D1-R TCA CCA GTA ATA GCC AAT AGT G

Pinb-D1
447 Pinb-D1-F ATG AAG ACC TTA TTC CTC CTA

Pinb-D1-R TCA CCA GTA ATA GCC ACT AGG GAA

250
Pinb-glyR CTC ATG CTC ACA GCC GCC
Pinb-serR CTC ATG CTC ACA GCC GCT

Äëÿ ³äåíòèô³êàö³¿ âèêîðèñòàíî ñîðòè ïøå-
íèö³ îçèìî¿ ç â³äîìèìè àëåëÿìè ãåí³â Pina-D1 
òà Pinb-D1: ‘Rheia’ – Pin a D1b, ‘Âàñèëèíà’ – 
Pin a D1a, Pin b D1 b, serine, ‘Ìèðëåáåí’ – Pin 
a D1a, Pin b D1à, glycine [23, 25].

Àìïë³ô³êàö³þ äëÿ âñ³õ ïàð ïðàéìåð³â ïðî-
âåäåíî çà íàñòóïíèõ óìîâ: äåíàòóðàö³ÿ 95 °C 
(5 õâ), ïîò³ì 35 öèêë³â: 94 °C (30 ñåê), 60 °C 
(30 ñåê), 72 °C (1 õâ 15 ñåê), ô³íàëüíà åëîíãà-
ö³ÿ 72 °C (7 õâ). 

Ïðîäóêòè àìïë³ô³êàö³¿ â³çóàë³çóâàëè ìå-
òîäîì åëåêòðîôîðåçó â 2,0% àãàðîçíîìó ãåë³ 
â áîðàòíîìó áóôåð³, äëÿ ìîí³òîðèíãó ÄÍÊ â 
óëüòðàô³îëåò³ âèêîðèñòîâóâàëè áðîìèñòèé 
åòèä³é çà ñòàíäàðòíîþ ïðîöåäóðîþ [28]. 
Åëåêòðîôîðåç ïðîâîäèëè ó ãîðèçîíòàëüíîìó 
ïðèëàä³ Hoefer SuperSub100. ßê ìàðêåð ìî-

ëåêóëÿðíî¿ ìàñè âèêîðèñòîâóâàëè Ì 50 
GENPAK®. Îòðèìàí³ ãåë³ äîêóìåíòóâàëè ç 
âèêîðèñòàííÿì ôîòîêàìåðè Nikon D50. 

Äëÿ âèçíà÷åííÿ ðîçì³ðó ïðîäóêò³â àìïë³-
ô³êàö³¿ çàñòîñîâóâàëè äåìîâåðñ³þ ïðîãðàìè 
TotalLab 120 (http://www.totallab.com).

Ðåçóëüòàòè äîñë³äæåíü
Ñîðòè òà íîâ³ ñåëåêö³éí³ ë³í³¿ ïøåíèö³ 

îçèìî¿ ïîïåðåäíüî äèôåðåíö³þâàëè çà êîí-
äèòåðñüêèìè âëàñòèâîñòÿìè, âèçíà÷èâøè 
òåõíîëîã³÷í³ ïîêàçíèêè êîíäèòåðñüêî¿ ÿêîñ-
ò³: ÂÏÇ áîðîøíà, ïðîáíî¿ âèï³÷êè òà îö³íþ-
âàííÿ ÿêîñò³ ïå÷èâà [22] (òàáë. 2). Ðåçóëüòà-
òè äîñë³äæåíü ñâ³ä÷àòü, ùî ÿê³ñòü êîíäèòåð-
ñüêèõ âèðîá³â ³ñòîòíî çì³íþâàëàñü çàëåæíî 
â³ä çðàçêà.

Òàáëèöÿ 2 
Êîíäèòåðñüê³ âëàñòèâîñò³ çðàçê³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ (2016–2019 ðð.)

Íàçâà çðàçêà
Îö³íþâàííÿ ïå÷èâà

ÂÏÇ, %
ä³àìåòð (D), ìì òîâùèíà (Ò), ìì D/T îö³íþâàííÿ ïîâåðõí³ ïå÷èâà, áàë

‘Ïðèâàáëèâà’ – St 79,17 12,27 6,48 4 62,7
‘Ìåòåëèöÿ õàðê³âñüêà’ 80,48 11,13 7,27 6 62,2
‘Åðèòðîñïåðìóì 533-16’ 82,17 10,82 7,64 7 65,3
‘Ëþòåñöåíñ 652-16’ 73,67 12,13 6,09 7 68,4
‘L 139-03 ÊÍ’ 81,57 11,00 7,50 7 62,7
‘Åðèòðîñïåðìóì S 424-1/14’ 80,00 11,14 7,28 6 59,1
‘Åðèòðîñïåðìóì 1002-16’ 77,67 11,57 6,73 7 66,1
‘Åðèòðîñïåðìóì 1003-16’ 80,33 11,07 7,26 7 61,0
‘L137-26-0-2’ 85,10 10,07 8,61 8 52,7
‘L137-26-0-3’ 86,00 9,95 8,68 9 53,1
‘L202-20’ 80,04 11,32 7,20 6 56,8
‘S 492-3/14’ 77,00 11,27 6,83 9 62,3
‘VS 2019-1/15’ 76,67 12,03 6,37 7 65,8
‘VS 497-2/14’ 77,33 11,50 6,73 7 68,4
‘T. spelta 1139-16’ 77,33 12,77 6,06 4 71,8
‘T. spelta 1140-16’ 74,67 12,30 6,07 3 68,8
‘T. spelta 1145-16’ 76,67 11,97 6,41 1 69,0
‘Äîð³äíà’ 77,33 11,73 6,59 4 69,9
‘Ïðèâ³òíà’ 78,67 12,07 6,52 4 72,4
‘Ïðèíàäà’ 83,33 12,03 6,93 3 68,5
‘Âèãàäêà’ 76,67 12,43 6,17 4 66,3
‘Ôåðìåðêà’ 74,67 12,83 5,82 4 68,3
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Òàáëèöÿ 3 
Àëåëüíèé ñòàí ãåí³â Pin a òà Pin b çðàçê³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ 
¹ 

ï/ï Íàçâà çðàçêà Pina-D1 
àëåëü

Pinb-
D1àëåëü Àì³íîêèñëîòà

1 ‘Ïðèâàáëèâà’ Pina-D1a Pinb-D1b serine
2 ‘Ìåòåëèöÿ’ Pina-D1b Pinb-D1b serine
3 ‘Åðèòðîñïåðìóì 533-16’ Pina-D1b Pinb-D1b serine
4 ‘Ëþòåñöåíñ 652-16’ Pina-D1b Pinb-D1b serine
5 ‘L 139-03 ÊÍ’ Pina-D1a Pinb-D1à glycine
6 ‘Åðèòðîñïåðìóì S 424-1/14’ Pina-D1a Pinb-D1à 

Pinb-D1b
glycine
serine

7 ‘Åðèòðîñïåðìóì 1002-16’ Pina-D1a Pinb-D1à glycine
8 ‘Åðèòðîñïåðìóì 1003-16’ Pina-D1a Pinb-D1à glycine
9 ‘L137-26-0-2’ Pina-D1a Pinb-D1à glycine

10 ‘L137-26-0-3’ Pina-D1a Pinb-D1à glycine
11 ‘L202-20’ Pina-D1a Pinb-D1à glycine
12 ‘S 492-3/14’ Pina-D1a Pinb-D1à glycine
13 ‘VS 2019-1/15’ Pina-D1a Pinb-D1à glycine
14 ‘VS 497-2/14’ Pina-D1a Pinb-D1à glycine
15 ‘T. spelta 1139-16’ Pina-D1a Pinb-D1b serine
16 ‘T. spelta 1140-16’ Pina-D1a Pinb-D1b serine
17 ‘T. spelta 1145-16’ Pina-D1a Pinb-D1b serine
18 ‘Äîð³äíà’ Pina-D1a Pinb-D1b serine
19 ‘Ïðèâ³òíà’ Pina-D1a Pinb-D1b serine
20 ‘Ïðèíàäà’ Pina-D1a Pinb-D1b serine
21 ‘Âèãàäêà’ Pina-D1a Pinb-D1b serine
22 ‘Ôåðìåðêà’ Pina-D1a Pinb-D1b serine
23 ‘Ïðîíÿ’ Pina-D1a Pinb-D1b serine
24 ‘Äîñêîíàëà’ Pina-D1a Pinb-D1b serine
25 ‘Ðîçê³øíà’ Pina-D1a Pinb-D1b serine
26 ‘Êîðîâàéíà’ Pina-D1a Pinb-D1b serine
27 ‘Àëüÿíñ’ Pina-D1a Pinb-D1b serine
28 ‘Âàñèëèíà’ – St Pina-D1a Pinb-D1b serine
29 ‘Àñòåò’ Pina-D1a Pinb-D1b serine
30 ‘Çäîáíà’ Pina-D1a Pinb-D1b serine
31 ‘Ãàðìîí³êà’ Pina-D1a Pinb-D1b serine
32 ‘Êðàñà ëàí³â’ Pina-D1a Pinb-D1b serine
33 ‘Ïàòð³îòêà’ Pina-D1a Pinb-D1b serine
34 ‘Ãàéîê’ Pina-D1a Pinb-D1b serine
35 ‘Ñòàòíà’ Pina-D1a Pinb-D1b serine
36 ‘Çàïàøíà’ Pina-D1a Pinb-D1b serine
37 ‘Äèâî’ Pina-D1a Pinb-D1b serine
38 ‘Bona Dea’ Pina-D1a Pinb-D1b serine
39 ‘Rheia’ – St Pina-D1b – –
40 ‘Ìèðëåáåí’ – St Pina-D1a Pinb-D1à glycine

Íàçâà çðàçêà
Îö³íþâàííÿ ïå÷èâà

ÂÏÇ, %
ä³àìåòð (D), ìì òîâùèíà (Ò), ìì D/T îö³íþâàííÿ ïîâåðõí³ ïå÷èâà, áàë

‘Ïðîíÿ’ 77,67 12,23 6,35 4 65,9
‘Äîñêîíàëà’ 77,33 12,37 6,25 4 66,6
‘Ðîçê³øíà’ 77,33 11,93 6,48 3 71,0
‘Àëüÿíñ’ 76,00 11,63 6,53 4 64,3
‘Çäîáíà’ 76,67 11,53 6,65 3 71,9
‘Ãàðìîí³êà’ 77,33 12,20 6,34 4 72,7
‘Êðàñà ëàí³â’ 79,67 12,20 6,53 4 73,3
‘Ïàòð³îòêà’ 77,00 12,43 6,19 4 74,1
‘Çàïàøíà’ 77,45 11,58 6,70 4 67,6
‘Á³ëÿâà’ – St 86,70 10,10 8,60 6 54,6

Â³äîìî, ùî ÷èì á³ëüøèé ä³àìåòð ïå÷èâà òà 
ìåíøà òîâùèíà, òèì âèùà éîãî ÿê³ñòü [22]. 
Íàéá³ëüøå â³äíîøåííÿ ä³àìåòðà ïå÷èâà äî 

éîãî òîâùèíè îòðèìàíî äëÿ áîðîøíà ïøåíè-
ö³ ë³í³é ‘L137-26-0-3’ – 8,68, ‘L137-26-0-2’ – 
8,61, íà ð³âí³ ñòàíäàðòó – ì’ÿêîçåðíîãî ñîðòó 
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‘Á³ëÿâà’ òà ³ñòîòíî âèùèì ïîð³âíÿíî ç³ ñòàí-
äàðòîì òâåðäîçåðíèì ñîðòîì ‘Ïðèâàáëèâà’ – 
6,48. Äëÿ öèõ çðàçê³â õàðàêòåðíèìè áóëè 
íèçüê³ ïîêàçíèêè ÂÏÇ 53,1% òà 52,7%, â³äïî-
â³äíî. Òâåðäîçåðí³ ñîðòè ïøåíèö³ îçèìî¿ 
‘Ôåðìåðêà’, ‘Äîñêîíàëà’, ‘Ðîçê³øíà’, ‘Àëüÿíñ’, 
‘Çäîáíà’, ‘Ãàðìîí³êà’, ‘Êðàñà ëàí³â’, ‘Ïàòð³îò-
êà’ ³ ðÿä ë³í³é ìàëè íèçüêèé ïîêàçíèê ñï³â-
â³äíîøåííÿ ä³àìåòðà ïå÷èâà äî éîãî òîâùèíè 
(5,82–6,82) òà, â³äïîâ³äíî, âèñîê³ ïîêàçíèêè 
ÂÏÇ 65,9–74,1%. Ë³í³¿ T. spelta çà êîíäèòåð-
ñüêèìè ïîêàçíèêàìè áîðîøíà â³äíåñåíî äî 

òâåðäîçåðíèõ çðàçê³â. Âèçíà÷åíî àëåëüíèé 
ñòàí ãåí³â Pina-D1 òà Pinb-D1 40 ñîðò³â ³ ë³í³é 
ïøåíèö³ îçèìî¿ (òàáë. 3).

Ó ðåçóëüòàò³ äîñë³äæåííÿ ç âèêîðèñòàííÿì 
àëåëü-ñïåöèô³÷íèõ ïðàéìåð³â íàÿâí³ñòü 
ôðàãìåíòà 330 ï.í., ÿêèé â³äïîâ³äàº Pina-D1a 
àëåëþ ãåíà ïóðî³íäîë³íó à [26], âñòàíîâëåíî 
ó 36 çðàçê³â ïøåíèö³. Â³äñóòí³ñòü ïðîäóêòó 
àìïë³ô³êàö³¿ íà åëåêòðîôîðåãðàì³ â³äïîâ³äàº 
Pina-D1b àëåëþ, ÿêèé ³äåíòèô³êîâàíî ó çðàç-
ê³â ‘Ìåòåëèöÿ õàðê³âñüêà’, ‘Åðèòðîñïåðìóì 
533-16’, ‘Ëþòåñöåíñ 652-16’ (ðèñ. 1).

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â ÏËÐ 
³ç ñïåöèô³÷íèìè ïðàéìåðàìè äî ãåíà Pina D1:

Ì – ìàðêåð ìîëåêóëÿðíî¿ ìàñè Ì 50 GENPAK®; 1 –  ñîðò ‘Ïðèâàáëèâà’, 2 – ñîðò ‘Ìåòåëèöÿ õàðê³âñüêà’,
3 – ‘Åðèòðîñïåðìóì 533-16’, 4 – ‘Ëþòåñöåíñ 652-16’, 5 – ‘L 139-03 ÊÍ’, 6 – ‘Åðèòðîñïåðìóì S 424-1/14’,

7 – ‘Åðèòðîñïåðìóì 1002-16’, 8 – ‘Åðèòðîñïåðìóì 1003-16’, 9 – ‘L137-26-0-2’, 
10 – ‘L137-26-0-3’, 11 – ‘L202-20’, 12 – ‘S 492-3/14’

Ó ðåçóëüòàò³ àíàë³çó àëåëüíîãî ñòàíó ãåíà 
ïóðî³íäîë³íó b ó ë³í³é ‘L139-03 ÊÍ’, ‘L137-
26-0-2’, ‘L137-26-0-3’ òà ³íøèõ (ðèñ. 2) âñòà-

íîâëåíî íàÿâí³ñòü ãë³öèíó â ïîëîæåíí³ 46 
ïîë³ïåïòèäó, ïðî ùî ñâ³ä÷àòü ïðîäóêòè àìï-
ë³ô³êàö³¿ 250 ï.í.

Ðèñ. 2. Åëåêòðîôîðåãðàìà ïðîäóêò³â ÏËÐ ³ç ïðàéìåðàìè äî Pinb-D1 àëåë³â (äèâ. îïèñ äî ðèñ. 1)

Â³äîìî, ùî, çâàæàþ÷è íà â³äì³íí³ñòü 
àëåëü-ñïåöèô³÷íèõ ïàð ïðàéìåð³â ëèøå çà 
îäíèì íóêëåîòèäîì, ³ñíóº éìîâ³ðí³ñòü ïîìè-
ëîê ó âèçíà÷åíí³ Pinb-D1 àëåë³â ç âèêîðèñ-
òàííÿì ïðàéìåð³â äî íóêëåîòèäíî¿ ïîñë³äîâ-
íîñò³ ãë³öèíó [27]. Òàê, ïðè ïðîâåäåíí³ ÏËÐ 
ç ïðàéìåðàìè, ùî âèçíà÷àþòü ñåðèí â ïî-
ëîæåíí³ 46 á³ëêà pin-b, ïðîäóêò àìïë³ô³êà-
ö³¿ ðîçì³ðîì 250 ï.í. îòðèìàíî â óñ³õ äîñë³-
äæóâàíèõ ñîðò³â. Òîìó äëÿ îòðèìàííÿ äî-
ñòîâ³ðíî¿ ³íôîðìàö³¿ ùîäî àëåëüíîãî ñòàíó 
Pinb-D1 â äîñë³äæåíí³, âèêîíàíî àíàë³ç ç 
âèêîðèñòàííÿì åíäîíóêëåàçè ðåñòðèêö³¿ 

MbiI (BsrBI). Ïðîâåäåíî àìïë³ô³êàö³þ ç âè-
êîðèñòàííÿì ïðàéìåð³â äî ãåíà Pinb-D1, 
ñêîíñòðóéîâàíèõ Giroux et al.  [25], îòðèìà-
íî ïðîäóêò àìïë³ô³êàö³¿ 447 ï.í., ÿêèé íà-
äàë³ ðîçùåïëåíî åíäîíóêëåàçîþ. Ôåðìåíò 
óï³çíàº íóêëåîòèäíó ïîñë³äîâí³ñòü CCGICTC, 
ÿêà âèçíà÷àº çì³íó ãë³öèíó íà ñåðèí. Ï³ñëÿ 
³íêóáàö³¿ ç ðåñòðèêòàçîþ ïðîäóêò³â àìïë³ô³-
êàö³¿ 447 ï.í. ó ðàç³ â³äñóòíîñò³ ìóòàö³¿ íà 
åëåêòðîôîðåãðàì³ ñïîñòåð³ãàëè àìïë³êîíè 
320 ï.í. Ó ãåíîòèï³â, äå ó ðåçóëüòàò³ ìóòàö³¿ 
ãë³öèí çàì³íåíî íà ñåðèí, àìïë³êîíè ñêëàëè 
200 ï.í. (ðèñ. 3). 
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Ó ðåçóëüòàò³ àíàë³çó âñòàíîâëåíî íàÿâ-
í³ñòü ñåðèíó â ïîëîæåíí³ 46 á³ëêà ïóðî³íäî-
ë³íà b ó 30 ³ç 40 çðàçê³â. 

Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó àëåëüíîãî 
ñêëàäó ïóðî³íäîë³íîâèõ ãåí³â ³ç çàãàëüíî¿ 
ê³ëüêîñò³ 37 çðàçê³â 9 (24%) – ìàëè àëåëü-
íèé ñêëàä ãåí³â ïóðî³íäîë³í³â, õàðàêòåðíèé 
äëÿ ì’ÿêîçåðíèõ ñîðò³â, Pina-D1a ³ Pinb-D1à 
(‘L139-03KH’, ‘L137-26-0-2’, ‘L137-26-0-3’, 
‘L202-20’, ‘Åðèòðîñïåðìóì 1002-16’, ‘Åðè-
òðîñïåðìóì 1003-16’, ‘S 492-3/14’, ‘VS 2019-
1/15’, ‘VS 497-2/14’). Äëÿ ñòâîðåííÿ öèõ ë³-
í³é áóëî âèêîðèñòàíî  ì’ÿêîçåðí³ ñîðòè ïøå-
íèö³ îçèìî¿ ‘MV Homber’ (HUN), ‘Warwik’, 
‘Webster’ (CAN), ‘Eva’ (SVK), ‘FS 401’ (USA), 
‘Îêñàíà’, ‘Á³ëÿâà’ (UKR). Êðàùèìè çà êîíäè-
òåðñüêèìè ïîêàçíèêàìè ñåðåä ì’ÿêîçåðíèõ 
çðàçê³â áóëè ë³í³¿ ‘L137-26-0-2’, ‘L137-26-0-3’, 
ÿê³ ìàëè ïîêàçíèê ÂÏÇ ìåíøå 55%, ä³àìåòð 
ïå÷èâà – 85 ìì, âèñîòó – 10 ìì, îö³íêó ïî-
âåðõí³ ïå÷èâà – 8–9 áàë³â. ²íø³ 7 ë³í³é çà 
êîíäèòåðñüêèìè âëàñòèâîñòÿìè áîðîøíà õà-
ðàêòåðèçóâàëèñü ÿê çàäîâ³ëüí³.

76% çðàçê³â ìàëè àëåë³ ãåí³â Pina-D1 ³ 
Pinb-D1, õàðàêòåðí³ äëÿ òâåðäîçåðíèõ ñîðò³â. 
Ó äîñë³äæåí³é âèá³ðö³ òâåðäîçåðíèõ çðàçê³â 
ãåí Pina-D1 ïðåäñòàâëåíî äâîìà àëåëÿìè: 
Pina-D1à òà Pina-D1b. 27 çðàçê³â ïøåíèö³ 
îçèìî¿ ìàëè àëåëü Pina-D1à, ùî äîçâîëÿº âè-
êîðèñòîâóâàòè ¿õ ó ñåëåêö³¿ íà ì’ÿêîçåðí³ñòü 
ïðè ñõðåùóâàíí³ ç³ çðàçêàìè òèïó soft, 3 
çðàçêè – àëåëü Pina-D1b (‘Ìåòåëèöÿ õàðê³â-
ñüêà’, ‘Åðèòðîñïåðìóì 533-16’, ‘Ëþòåñöåíñ 
652-16’). Çà ãåíîì Pinb-D1 óñ³ òâåðäîçåðí³ 
çðàçêè ìàëè àëåëü PinbD1b, à ë³í³ÿ ‘Åðèòðîñ-
ïåðìóì S 424-1/14’ áóëà ãåòåðîãåííîþ. Ö³ 
çðàçêè ìàëè õàðàêòåðí³ äëÿ òâåðäîçåðíî¿ 
ïøåíèö³ ïîêàçíèêè ÿêîñò³: ÂÏÇ – 68% ³ 
âèùå, ä³àìåòð – 60–72 ìì, âèñîòà ïå÷èâà – 
13–15 ìì, îö³íêà ïîâåðõí³ –1–4 áàëè.

Ë³í³¿ T. spelta, çàëó÷åí³ äî àíàë³çó, ÿê çà 
àëåëÿìè ãåí³â ïóðî³íäîë³í³â, òàê ³ çà òåõíî-
ëîã³÷íèìè êîíäèòåðñüêèìè âëàñòèâîñòÿìè 
áîðîøíà óâ³éøëè äî ãðóïè òâåðäîçåðíèõ 
çðàçê³â.

Âèñíîâêè
Âñòàíîâëåíî àëåëüíèé ñòàí ãåí³â Pinà-D1 

òà Pinb-D1 äëÿ 37 ñîðò³â ³ ë³í³é ïøåíèö³ 
ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ²íñòèòóòó ðîñëèííè-
öòâà ³ì. Â. ß. Þð’ºâà ÍÀÀÍ. 

Ë³í³¿ ‘L139-03KH’, ‘L137-26-0-2’, ‘L137-26-
0-3’, ‘L202-20’, ‘Åðèòðîñïåðìóì 1002-16’, 
‘Åðèòðîñïåðìóì 1003-16’, S’ 492-3/14’, ‘VS 
2019-1/15’, ‘VS 497-2/14’ ìàëè àëåëüíèé ñòàí 
ãåí³â ïóðî³íäîë³í³â, õàðàêòåðíèé äëÿ 
ì’ÿêîçåðíèõ ñîðò³â (Pina-D1a; Pinb-D1a), äî-
áð³ òà çàäîâ³ëüí³ êîíäèòåðñüê³ ïîêàçíèêè 
ÿêîñò³ áîðîøíà. 

76% äîñë³äæåíèõ ñîðò³â ìàëè àëåëüíèé 
ñêëàä ïóðî³íäîë³í³â Pina-D1a/ Pina-D1b; 
Pinb-D1b, òîáòî õàðàêòåðèçóâàëèñü ÿê òâåð-
äîçåðí³ çðàçêè Triticum aestivum L.

Âèêîíàí³ äîñë³äæåííÿ äîçâîëèëè åôåê-
òèâíî äèôåðåíö³þâàòè ñòâîðåíèé ë³í³é-
íèé ìàòåð³àë ³ ïåðåäàòè íà êâàë³ô³êàö³é-
íó åêñïåðòèçó ñîðò ïøåíèö³ ì’ÿêî¿ îçèìî¿ 
êîíäèòåðñüêîãî íàïðÿìó âèêîðèñòàííÿ 
‘L137-26-0-3’ (‘Ìàçóðîê’) ç ãåíåòè÷íî ï³ä-
òâåðäæåíîþ ì’ÿêîçåðíîþ ñòðóêòóðîþ åí-
äîñïåðìó òà âèñîêèìè êîíäèòåðñüêèìè 
âëàñòèâîñòÿìè áîðîøíà; ïåðåäàòè íà ðåº-
ñòðàö³þ äî ÍÖÃÐÐÓ ë³í³¿ ïøåíèö³ îçèìî¿ 
ç âèñîêèìè êîíäèòåðñüêèìè âëàñòèâîñ-
òÿìè. 

‘Ìàçóðîê’ (‘L 137-26-0-3’) – ì’ÿêîçåðíèé 
ñîðò ïøåíèö³ îçèìî¿ êîíäèòåðñüêîãî íàïðÿ-
ìó âèêîðèñòàííÿ. Ñîðò âèñîêîâðîæàéíèé 
(7,93 ò/ãà), âèñîêîñò³éêèé äî óðàæåííÿ 
çáóäíèêàìè ñåïòîð³îçó ëèñòÿ (7 áàë³â), áî-
ðîøíèñòî¿ ðîñè (7 áàë³â), ìîðîçîñò³éê³ñòü 
ñòàíîâèòü 7 áàë³â. Çà òåõíîëîã³÷íèìè ïî-
êàçíèêàìè â³äíîñÿòü äî òèïó ì’ÿêîçåðíî¿ 
÷åðâîíîçåðíî¿ ïøåíèö³ îçèìî¿, ìàº ï³äâè-
ùåí³ êîíäèòåðñüê³ âëàñòèâîñò³: íèçüêèé 
óì³ñò á³ëêà â çåðí³ – 11%, ñêëîïîä³áí³ñòü – 
25%, ñèëó áîðîøíà – 73 î. à., ÂÏÇ áîðîøíà 
– 53%, âèñîê³ ë³í³éí³ ðîçì³ðè ïå÷èâà, â³ä-
íîøåííÿ D/T, âèñîêó îö³íêó ïîâåðõí³ ïå÷è-
âà – 9 áàë³â. 

Ðèñ. 3. Åëåêòðîôîðåãðàìà ïðîäóêò³â ÏËÐ ç ïðàéìåðàìè äî íóêëåîòèäíî¿ ïîñë³äîâíîñò³ ñåðèíó 
ó âèçíà÷åíí³ Pinb-D1 àëåë³â (äèâ. îïèñ äî ðèñ. 1)
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Öåëü. Èäåíòèôèöèðîâàòü àëëåëüíîå ñîñòîÿíèå ãåíîâ 
Pina-D1 è Pinb-D1 ñîðòîâ è ëèíèé ïøåíèöû ìÿãêîé îçèìîé 
ñåëåêöèè Èíñòèòóòà ðàñòåíèåâîäñòâà èì. Â. ß. Þðüåâà 
ÍÀÀÍ äëÿ öåëåâîãî èñïîëüçîâàíèÿ â ñåëåêöèè íà âûñîêèå 
êîíäèòåðñêèå ïîêàçàòåëè ìóêè. Ìåòîäû. Àëëåëüíîå ñîñòî-
ÿíèå ãåíîâ Pina-D1 è Pinb-D1 èäåíòèôèöèðîâàëè ìåòîäîì 
ïîëèìåðàçíîé öåïíîé ðåàêöèè (ÏÖÐ) ñ èñïîëüçîâàíèåì 
àëëåëü-ñïåöèôè÷åñêèõ ïàð ïðàéìåðîâ. Êîíäèòåðñêèå 
ñâîéñòâà ìóêè îöåíèâàëè, îïðåäåëèâ ïîêàçàòåëè êà÷åñòâà: 
âîäîïîãëîòèòåëüíóþ ñïîñîáíîñòü ìóêè (ÂÏÑ), ïðîáíóþ âû-
ïå÷êó ïå÷åíüÿ è îöåíêó åãî êà÷åñòâà. Ðåçóëüòàòû. Ïî ðå-
çóëüòàòàì ÏÖÐ-àíàëèçà 9 îáðàçöîâ èìåëè àëëåëüíîå ñîñòî-
ÿíèå ãåíîâ ïóðîèíäîëèíîâ, õàðàêòåðíîå äëÿ ìÿãêîç¸ðíûõ 
ñîðòîâ – Pina-D1a è Pinb-D1à. Ëó÷øåé ïî êîíäèòåðñêèì 
ñâîéñòâàì áûëà ìóêà ëèíèé ïøåíèöû ‘L137-26-0-2’, ‘L137-
26-0-3’, îíà èìåëà ïîêàçàòåëü ÂÏÑ ìåíüøå 55%, äèàìåòð 
ïå÷åíüÿ 85 ìì, âûñîòó – 10 ìì, îöåíêà ïîâåðõíîñòè ïå÷å-
íüÿ ñîñòàâëÿëà 7–9 áàëîâ, ÷òî ñîîòâåòñòâîâàëî òðåáîâà-
íèÿì ê ìÿãêîç¸ðíûì ïøåíèöàì. 76% èçó÷åííûõ îáðàçöîâ 
îòíîñèëèñü ê òâ¸ðäîç¸ðíûì ñîðòàì è èìåëè ñîîòâåòñòâóþ-

ùèå àëëåëè ãåíîâ Pina-D1 èëè Pinb-D1. Â îïûòíîé âûáîðêå 
îáðàçöîâ ãåí Pina áûë ïðåäñòàâëåí 2 àëëåëÿìè: Pina D1à 
è Pina D1b. 27 îáðàçöîâ èìåëè àëëåëü Pina D1à, ýòî òàêæå 
ïîçâîëèëî èñïîëüçîâàòü èõ â ñåëåêöèè íà êà÷åñòâî çåð-
íà ïðè ñêðåùèâàíèè ñ ñîðòàìè òèïà soft, 4 – àëëåëü Pina 
D1b. Ïî ãåíó Pinb âñå òâ¸ðäîç¸ðíûå îáðàçöû èìåëè àëëåëü 
Pinb D1b, à ëèíèÿ ‘Ýðèòðîñïåðìóì S 424-1/14’ áûëà ãåòå-
ðîãåííîé Pinb D1à/Pinb D1b. Ýòè îáðàçöû èìåëè ñîîòâåò-
ñòâóþùèå òâ¸ðäîç¸ðíûì ïøåíèöàì ïîêàçàòåëè êà÷åñòâà 
ìóêè: ÂÏÑ 68% è âûøå, äèàìåòð ïå÷åíüÿ 60–72 ìì, âûñî-
òà – 13–15 ìì, îöåíêà ïîâåðõíîñòè – 1–4 áàëëà. Âûâîäû. 
Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè ýôôåêòèâíî äèô-
ôåðåíöèðîâàòü ñåëåêöèîííûé ìàòåðèàë è ïåðåäàòü íà êâà-
ëèôèêàöèîííóþ ýêñïåðòèçó ñîðò ïøåíèöû ìÿãêîé îçèìîé 
êîíäèòåðñêîãî íàïðàâëåíèÿ èñïîëüçîâàíèÿ ‘L137-26-0-3’ 
(‘Ìàçóðîê’), êîòîðûé èìååò àëëåëüíûé ñîñòàâ ãåíîâ ïóðî-
èíäîëèíîâ (Pina-D1a ³ Pinb-D1à), õàðàêòåðíûé äëÿ ìÿãêî-
ç¸ðíûõ ñîðòîâ, è âûñîêèå êîíäèòåðñêèå ñâîéñòâà ìóêè. 

Êëþ÷åâûå ñëîâà: ïøåíèöà ìÿãêàÿ îçèìàÿ; ñîðò; ëèíèÿ; 
ãåíû Pina è Pinb; âîäîïîãëîòèòåëüíàÿ ñïîñîáíîñòü; ïå÷åíüå.
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Purpose. Identification of soft winter wheat varieties and 
lines from the Plant Production Institute nd. a. V. Ya. Yuryev, 
NAAS by allelic state of Pina–D1 and Pinb-D1 genes for tar-
geted use in the breeding for high confectionery properties 
of flour. Methods. Identification of the Pina-D1 and Pinb-D1 
genes allelic state was performed by polymerase chain reac-
tion (PCR) using allele-specific primer pairs. Confectionery 
properties of flour were evaluated by determining the qual-
ity indicators: the water absorption capacity (WAC) of the 
flour, trial baking of cookies and evaluation of its quality. 
Results. According to the results of PCR analysis, 9 samples 
had an allelic composition of puroindoline genes (Pina-D1a 
and Pinb-D1a) characteristic for soft-grained varieties. Flour 
of the lines ‘L137-26-0-2’, ‘L137-26-0-3’ had the best confec-
tionery properties, it had a WAC value less than 55%, cook-
ies diameter 85 mm, cookies height 10 mm, estimation of a 
surface of cookies 7– 9 points, what meets the requirements 
for soft-grained wheat. 76% of the samples belonged to 
hard-grained varieties and had the corresponding alleles of 
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the Pina-D1 or Pinb-D1 genes. In the studied sample, Pina-D1 
gene is represented by 2 alleles: Pina-D1a and Pina-D1b. 27 
samples had Pina-D1a allele, which also allows them to be 
used in breeding programs for grain quality when crossed 
with soft samples, 4 ones had Pina-D1b allele. As to Pinb-
D1 gene, all hard grain samples had Pinb-D1b allele, and the 
‘Erythrospermum S 424-1 / 14’ line was heterogeneous for 
Pinb-D1a / Pinb-D1b. The flour of these samples had typical 
for hard wheat quality indicators: WAC 68% and more, cookie 
diameter of 60–72 mm, cookie height of 13–15 mm, the sur-
face evaluation of 1–4 points. Conclusions. The studies al-
lowed to differentiate the breeding material  and transfer 
a soft winter wheat cultivar of a confectionery use ‘L137-
26-0-3’ (‘Mazurok’) which has an allelic structure of puroin-
dolins genes (Pina-D1a and Pinb-D1a) characteristic for soft-
grained varieties and high confectionery flour properties for 
qualification examination.

Keywords: common winter wheat; variety; line; Pina and 
Pinb genes; water absorption capacity; cookies.


