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The pea is an important cool-season pulse crop cultivated 
for animal and human consumption. However, the presence 
of ‘flatulence-causing factors’ hinders its consumption and 
acceptance worldwide. The raffinose family oligosaccharides 
(RFOs) have been identified as the principal ‘flatulence 
causing factors’. Hence, reducing RFO level is the major 
goal to promote pea consumption and acceptance worldwide. 
However, very little is known about the genes involved in 
RFO metabolism at the genome-wide scale in pea. In 
the present study, genes for five key enzymes (galactinol 
synthase, raffinose synthase, stachyose synthase, alpha-
galactosidase_Acid/Alkaline and beta-fructofuranosidase) 
involved in RFO metabolism pathway were identified at the 
genome-wide scale in pea. A total of two galactinol synthase, 
two raffinose synthase, one stachyose synthase, six alpha-
galactosidase_ Alkaline and three alpha-galactosidase_Acid 
and ten beta-fructofuranosidase genes were identified in 
the pea genome. Phylogenetic relationships analysis, exon/
intron structure as well as conserved domain within each 
enzyme family and their chromosomal location were also 
determined to establish their relationship with the known 
proteins. In silico anlaysis showed that pea RFO genes 
contain 26 microsatellite loci. Taken together, this study 
provides useful candidate genes for improving the nutritional 
quality of pea through genetic engineering approaches as well 
as microsatellite loci for the development of SSR markers for 
the introgression of low RFO trait through marker assisted 
selection. 

Key words: Raffinose family oligosaccharides/gene struc-
ture/raffinose synthase/stachyose synthase/galactinol syn-
thase/pea/phylogenetic analysis
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Ãîðîõ – öå âàæëèâà õîëîäîñò³éêà áîáîâà ðîñëèíà, 
ÿêó âèðîùóþòü äëÿ ñïîæèâàííÿ ³ ëþäüìè, ³ òâà-
ðèíàìè. Îäíàê, íàÿâí³ñòü ôàêòîð³â, ùî âèêëèêà-
þòü ìåòåîðèçì, ïåðåøêîäæàº éîãî ñïîæèâàííþ òà

ïðèéíÿòòþ ïî âñüîìó ñâ³òó. Áóëî âñòàíîâëåíî, ùî
ñ³ìåéñòâî îë³ãîñàõàðèä³â ðàô³íîçè (ÑÎÐ) º îñíîâ-
íèì ôàêòîðîì, ùî ñïðè÷èíÿº ìåòåîðèçì. Îòæå, 
çíèæåííÿ ð³âíÿ ÑÎÐ º ãîëîâíîþ ìåòîþ ä³ÿëüíîñò³, 
ñïðÿìîâàíî¿ íà çá³ëüøåííÿ îáñÿã³â ñïîæèâàííÿ òà 
ïðèéíÿòòÿ ãîðîõó ó ñâ³ò³. Îäíàê, íàðàç³ äóæå ìàëî 
â³äîìî ïðî ãåíè, çàëó÷åí³ äî ìåòàáîë³çìó ÑÎÐ ó
çàãàëüíîãåíîìíîìó ä³àïàçîí³ ãîðîõó. Ó öüîìó äîñ-
ë³äæåíí³ ìè âèçíà÷èëè ï’ÿòü êëþ÷îâèõ åíçèì³â 
(ñèíòàçó ãàëàêòèíîëó, ñèíòàçó ðàô³íîçè, ñèíòàçó 
ñòàõ³îçè, àëüôà-ãàëàêòîçèäàçó êèñëó/ëóæíó òà áåòà-
ôðóêòîôóðàíîçèäàçó), çàëó÷åíèõ äî øëÿõó ìåòàáî-
ë³çìó ÑÎÐ. Çàãàëîì ó ãåíîì³ ãîðîõó áóëî âèçíà÷åíî 
ãåíè äâîõ ñèíòàç ãàëàêòèíîëó, äâîõ ñèíòàç ðàô³íî-
çè, îäí³º¿ ñèíòàçè ñòàõ³îçè, øåñòè àëüôà-ãàëàêòî-
çèäàç ëóæíèõ ³ òðüîõ àëüôà-ãàëàêòîçèäàç êèñëèõ, à 
òàêîæ äåñÿòè áåòà-ôðóêòîôóðàíîçèäàç. Äëÿ âñòà-
íîâëåííÿ ¿õí³õ âçàºìèí ³ç â³äîìèìè á³ëêàìè áóëî 
ïðîâåäåíî àíàë³ç ô³ëîãåíåòè÷íèõ çâ’ÿçê³â, ñòðóêòó-
ðè åêçîí³â/³íòðîí³â, à òàêîæ êîíñåðâàòèâíîãî äî-
ìåíó â ìåæàõ êîæíîãî ñ³ìåéñòâà åíçèì³â òà ¿õíüî¿ 
õðîìîñîìíî¿ ëîêàö³¿. Àíàë³ç in silico ïðîäåìîíñòðó-
âàâ, ùî ãåíè ÑÎÐ ãîðîõó ì³ñòÿòü 26 ì³êðîñàòåë³ò-
íèõ ëîêóñ³â. Çàãàëîì öå äîñë³äæåííÿ ïîâ³äîìëÿº 
ïðî êîðèñíèõ êàíäèäàòíèõ ãåí³â äëÿ ïîêðàùåííÿ 
ïîæèâíèõ ÿêîñòåé ãîðîõó çà äîïîìîãîþ ãåíåòè÷íî¿ 
³íæåíåð³¿, à òàêîæ ïðî ì³êðîñàòåë³òí³ ëîêóñè äëÿ 
ðîçâèòêó SSR ìàðêåð³â äëÿ ³íòðîãðåñ³¿ íèçüêèõ 
õàðàêòåðèñòèê ÑÎÐ ÷åðåç ìàðêåðíó ñåëåêö³þ.

Êëþ÷îâ³ ñëîâà: ñ³ìåéñòâî îë³ãîñàõàðèä³â ðàô³íîçè, 
ñòðóêòóðà ãåíó, ñèíòàçà ðàô³íîçè, ñèíòàçà ñòàõ³îçè, 
ñèíòàçà ãàëàêòèíîëó, ô³ëîãåíåòè÷íèé àíàë³ç ãîðîõó.
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