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Manipulation of Biosynthesis of Seed Metabolic Components in Soybean
by Gene Silencing

Masao ISHIMOTO", Kyoko TAKAGI and Keito NISHIZAWA

National Agricultural Research Center for Hokkaido Region, Sapporo 062-8555

ABSTRACT

Soybean [Glycine max (L.) Merrill] is one of the world's most economically important
crops. Elucidation of molecular, biochemical and physiological mechanisms of the
biosynthesis of the seed metabolic components provides valuable information for
improvement of seed quality. In this study, we evaluated the application of RNA
interference (RNAI) to study on biosynthetic mechanisms of seed components. First
we validated our RNAI vector to regulate metabolic compounds by the introduction
to somatic embryos. Expression of the gene for phytoene desaturase, a key enzyme
in carotenoid synthesis, was suppressed by RNAI in somatic embryos, resulting in
reduced levels of carotenoids and a characteristic photobleaching phenotype. Next,
two RNAI vectors containing distinct regions of (-amyrin synthase gene, which
encodes a key enzyme in the biosynthesis of saponins, were introduced to the
somatic embryos. The transgenic plants regenerated and reproduced seeds without
any phenotypic abnormality. The transgenic seeds exhibited the drastic reduction
of saponin contents by the suppression of the B-amyrin synthase genes. Our
results thus suggest that RNAi would be a powerful tool in the functional analysis
of the seed components in soybean with duplicated genome structure. Soy Protein
Research, Japan 12, 40-45, 2009.

Key words : carotenoid, gene silencing, RNA interference, saponin, secondary
metabolite, seed component
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Table 1. List of primers
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Primer 1 5-AGAAAGCTGGGTAGCCGAAGAATGGATTTCACGTAGT-3
Primer 2 5-AAAAAGCAGGCTACAATAGCCTGTGCACAAAGCTTCC-3
Primer 3 5-AGAAAGCTGGGTCAATGCAGTTCGATTCCTTGAAGATAC-3
Primer 4 5-AAAAAGCAGGCTGCATGAATTAGTCCCATAAGAGCCCAT-3
Primer 5 5-AGAAAGCTGGGTGACGGTGGATGGGGAGAGAGTTATC-3
Primer 6 5-AAAAAGCAGGCTCCTTCGATATTCAGCTAGAGCCCAC-3
Primer 7 5-GGGGACCACTTTGTACAAGAAAGCTGGGT-3'

Primer 8 5-GGGGACAAGTTTGTACAAAAAAGCAGGCT-3

Primer 9 5-CTAACATAATTGAAGAAATTGGTCCTACGT-3

Primer 10 5-GCTTTGCGAATGGCAGCACAATTGG-3

Primers used in this study are shown. Italics indicate adapter sequences.
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Fig. 1. Maps of RNAI vectors for particle bombardment-mediated transformation. A map of the GATEWAY

destination vector, pUHR:P7S-RNAI (a). The GATEWAY cassettes for introduction of the fragment of
interest were placed in opposite orientations at each end of a linker sequence. The ccdB (control of cell
death) gene, which is lethal in E. coli, is used to ensure recombination at both GATEWAY cassettes.
The DNA sequence encoding the hairpin RNA is controlled by the promoter of the B-conglycinin a '
subunit gene (P7S). pUHR:P7S-RNAI also contains a hygromycin phosphotransferase gene (hpt) and red
fluorescent protein gene (DsRed?). P35S, CaMV 35S promoter; Tnos, terminator of the nopaline synthase
gene; R1 and R2, attachment sites for the LR recombination reaction. A map of pUHR:PDS-RNAI (b). A
300-bp DNA fragment of the phytoene desaturase gene of soybean was inserted in the vector in opposite
orientations at each end of a linker sequence. Maps of pUHR:BAS-RNAI zen (c) and pUHR:BAS-RNAI
koh (d). DiJerent DNA fragments of the (3 -amyrin synthase gene of soybean were inserted for the RNAI

vectors, respectively.
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(b) Relative amount of carotenoids (%)
Line Lutein o -Carotene 3 -Carotene
2-4 41.3+ 30 344+ 30 483+ 38
4-1 46.7+ 5.6 675+ 223 447+ 74

Fig. 2. Regulation of carotenoid biosynthesis by RNAI. (a) Photo-bleaching of transgenic mature somatic
embryos. Somatic embryos transformed with pUHR:PDS-RNA. (i) and empty vector (ii). Arrows indicate
regions where photo-bleaching is prominent. (b) Amounts of lutein, o -carotene, and 3 -carotene, in mature
somatic embryos of two dierent transgenic lines with pUHR:PDS-RNAI relative to those in the vector

control.
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Fig. 3. Detection of saponin compositions in cotyledon (a) and hypocotyl (b) of transgenic seeds with pUHR:
BAS-RNA. zen (zen6-1-7) (bottom) and the corresponding empty vector (top) by the LC-MS/MS analysis.
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Fig. 4. Expression of B-amyrin synthase gene in
developing seeds of each transgenic line with
pUHR:BAS-RNAI zen (zen6-1-7) or pUHR:BAS-
RNAI koh (koh2-7-1), and corresponding empty
vector (vector) by RT-PCR analysis. Total
RNA was extracted from cotyledon (C) and
hypocoty! (H) of developing seeds (100-150 mg
FW), and then subjected to cDNA synthesis
(RT+). PCR analysis of total RNA without
cDNA synthesis (RT-) and total DNA (DNA)
were also performed as control experiments.
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