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Characterization of Candidate Genes Involved in Catabolism of Lutein in Soybean
Seeds and Metabolic Engineering for Generation of Lutein Rich Soybean
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Tetsuya YAMADA and Keisuke KITAMURA

Graduate School of Agriculture, Hokkaido University, Sapporo 060-8589

ABSTRACT

In this study, we examined the relationships between high lutein trait of wild
soybean seeds and the expression levels of two genes encoding CCDs, which are
involved in lutein catabolism. Putative two genes, GmCCD1 and GmCCD4 were
selected from the soybean genome database based on the homology with CCD
genes in Arabidopsis and Chrysanthemum. Quantitative RT-PCR analysis revealed
that two genes were always expressed during seed development. The expression
levels of GmCCD genes of RIL with low lutein were slightly higher than that of RIL
with high lutein in the middle stage of seed development. Linkage analysis using
CAPS marker for GmCCD4 gene revealed that the GmCCD4 gene was located
on the linkage group Dla. However, the position was not correspondence to QTL
for lutein content detected on the linkage group Dla. In addition, we attempted to
generate transgenic soybean plants for stable accumulation of lutein in soybean
seeds by the metabolic engineering. We constructed RNAI vectors to knock-
down the expression of GmCCD1 or GmCCD4 gene under the control of cotyledon
specific promoter. The transformation of a Japanese soybean variety has being
proceeded by Agrobacterium-mediated method. Soy Protein Research, Japan 12, 46-
50, 2009.

Key words : Glycine max, Glycine soja, lutein, carotenoid cleavage dioxygenase,
RNAI, 11S globulin promoter
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Table 1. Primer sequence for quantitative RT-PCR

GmCCDI-F 5-CAGGGTCTCTATGACTTGGGAC-3
GmCCDIR  5-CTGCAACAGGATCTGCTGACATTG-3'
GmCCD4-F 5-CGGATTGAACCCTCTTGACATGATC-3'
GmCCD4-R 5-TCCATTCTCTCCAGCGCGTGC-3'
18SrRNA-F 5-TGATTAACAGGGACAGTCGG-3'
185rRNA-R 5-ACGGTATCTGATCGTCTTCG-3'
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Fig. 1. Expression of GmCCD1 and GmCCD4 genes in the RIL123 with low Iutein and RIL 89 with high
lutein. The transcript levels of the genes relative to the 18S rRNA transcript level were assessed by
guantitative RT-PCR. The data shown presented the mean and SD obtained from three replications.

DAF, day after flowering.
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a) b)
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Fig. 2. a) The polymorphic bands of GmCCD4 using
dCAPS marker (Small). P1, TK780; P2, B01167.
b) Map position of the loci for GmCCD4 gene
and QTL associated with lutein content of
soybean seed on linkage group Dla. Bold line
shows the QTL region for lutein content.
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Fig. 3. Schematic of RNAI binary vector (pMDC123-
GFP-Gm11S-RNAI) of GmCCD1 and GmCCD4
genes. 35S, CaMV35S promoter; GFP, green
fluorescence protein; Gm11S, 11S globulin
gyl promoter; Bar, phosphinothricine acetyl
transferase gene.
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