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Abstract

Five genes of anthocyanin biosynthetic enzymes, chalcone synthase (CHS; EC 2.3.1.74),
flavanone 3-hydroxylase (F3H; EC 1.14.11.9), dihydroflavonol 4-reductase (DFR; EC
1.1.1.219), anthocyanidin synthase (ANS; EC 1.14.11.X), and UDP glucose:flavonoid
3-O-glucosyltransferase (UFGluT; EC 2.4.1.X), were isolated, and their expression was
investigated to elucidate the molecular mechanism for red coloration in apple ã€šMalus

sylvestris (L.) Mill. var. domestica (Borkh.) Mansf.ã€› skin. In â€˜Orin,â€™ a yellow apple
cultivar, no significant levels of anthocyanin were detectable, whereas in â€˜Jonathanâ€™
and â€˜Fuji,â€™ both red apple cultivars, anthocyanin concentrations increased during
fruit development. At the ripe stage, the level of anthocyanin concentration was about
three times higher in â€˜Jonathanâ€™ than in â€˜Fuji.â€™ The accumulation of
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three times higher in â€˜Jonathanâ€™ than in â€˜Fuji.â€™ The accumulation of
transcripts for the five genes was induced at the later developmental stages in all three
cultivars. The levels for the expression of the five genes basically corresponded to the
anthocyanin concentrations; that is, the induction of the genes in â€˜Orinâ€™ was less
pronounced, and that in â€˜Fujiâ€™ and â€˜Jonathanâ€™ was notable, with much higher
expression levels in â€˜Jonathanâ€™ than in â€˜Fujiâ€™. These results indicate that the
five genes are coordinately expressed during fruit development and that their levels of
expression are positively related to the degree of anthocyanin concentration. This is the
first report that characterizes the relationship between the expression of anthocyanin
biosynthetic genes and apple fruit coloration.
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Abbreviations
ANS, anthocyanidin synthase; CHI, chalcone isomerase; CHS, chalcone synthase; CTAB,
cetyltrimethylammonium bromide; DAFB, days after full bloom; DFR, dihydroflavonol 4-
reductase; EDTA, ethylenediamine-N,N,Nâ€²,Nâ€²-tetraacetic acid; EST, expressed
sequence tag; F3H, flavanone 3-hydroxylase; HPLC, high performance liquid
chromatography; PAL, phenylalanine ammonia-lyase; RTâ€“PCR, reverse
transcriptionâ€“polymerase chain reaction; UFGalT , UDP galactose: flavonoid 3-O-
galactosyltransferase; UFGluT, UDP glucose: flavonoid 3-O-glucosyltransferase
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