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Modification of Soybean Seed Components by Gene Silencing

Akira KANAZAWA, Atsushi NAGAMATSU and Yusuke IMOTO

Research Faculty of Agriculture, Hokkaido University, Sapporo 060-8589

ABSTRACT

There is an increasing need for developing a system suitable for analyzing gene
function in soybean because of the rapid accumulation of the information of the
genome. RNA silencing is a high-throughput tool for suppressing gene expression
in a sequence-specific manner, either through RNA degradation or through
transcriptional repression. We have developed a system of RNA silencing using
a virus vector, which is termed virus-induced gene silencing (VIGS), in soybean.
Here we examined whether changes in seed components can be induced by VIGS
of flavonoid 3-hydroxylase (F3'H) and chalcone synthase (CHS) in soybean. After
confirming the induction of VIGS in plants inoculated with viruses carrying a
portion of F3'H or CHS, isoflavone content in seeds produced on the plants was
analyzed by HPLC. As a result, a decrease in isoflavone content in seeds was
detected in plants in which CHS VIGS was induced, although no significant change
was detected in plants in which F3'H VIGS was induced. The successful induction
of changes in seed components by CHS VIGS suggest that our VIGS system is
useful for the modification of seed components in soybean, which allows rapid
functional analysis of genes involved in the biosynthesis of seed components as well
as prediction of changes in seed components as a consequence of conventional or
molecular breeding. Soy Protein Research, Japan 12, 33-39, 2009.

Key words : flavonoid biosynthesis, gene expression control, reverse genetics, RNA
silencing, soybean
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Fig. 1. Schematic diagram of the stages of flavonoid biosynthesis targeted by VIGS in the present study.
The steps catalyzed by CHS or F3'H are highlighted. Enzymes involved in each step are indicated as
follows: CHS, chalcone synthase; CHI, chalcone isomerase; F3H, flavonone 3-hydroxylase; F3'H, flavonoid

3-hydroxylase; FLS, flavonol synthase.
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Fig. 2. Induction of the F3'H VIGS and changes in flavonol content. (a) Changes in the levels of F3'H mMRNA as
a consequence of infection with the virus that contains the F3'H insert. The F3’H mRNA level relative to
the B -tubulin MRNA level was assessed by quantitative RT-PCR. (b) Accumulation of the F3'H siRNAs.
Northern blot analysis was done on low-molecular weight RNA isolated from leaves. Ethidium bromide-
stained 5S RNA and tRNA bands in bottom panel demonstrate that an equal amount of the small RNA
fraction was loaded. (c) Changes in the content of quercetin relative to that of kaempferol. The following
plants were analyzed: mock-inoculated plants; empty vector-infected plants; and plants infected with the
virus that contains the F3'H insert. In panels a and c, the data are means with standard errors obtained
from three replicates of the analysis. The data for three individuals, for each treatment, are shown.
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Fig. 3. Effects of F3'H and CHS VIGS on isoflavone content in soybean seeds. Contents of daidzin,
malonyldaidzin, genistin, malonylgenistin, and a total of these compounds in dried seeds, which were
analyzed by HPLC, are shown. (a) F3'H VIGS. (b) CHS VIGS. Data obtained from plants infected with the
virus that contains the F3'H or CHS7 insert (gray bars) or the control virus that lacks an insert (open
bars) are shown. The data are means with standard deviations obtained from three replicates of the
analysis. Asterisks indicate that a statistically significant diJerence was detected using the t-test.
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