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Gene Manipulation of the Biosynthetic Pathway for Molecular Breeding of
Soybean Flavonoids
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ABSTRACT

Flavonoid content and composition in soybean seeds are sensitive to a change in
the growth environment. In breeding soybeans, it is important to maintain stable
high flavonoid content in soybean seeds, because flavonoids are known to possess
various pharmaceutical elects for human health. Some transcriptional factors that
control the expression of the enzymatic genes involved in the biosynthetic pathway
of flavonoids have been used to improve the flavonoid components in higher plants
by a transgenic technology. We produced transgenic plants over-expressing a Myb-
like transcriptional factor gene, LjMyb12, from Lotus japonicus to improve flavonoid
composition in soybean. We generated transgenic soybean lines by repeating self-
fertilization to fix transgenes in the genome of transgenic plants. Quantitative RT-
PCR analysis of flavonoid biosynthesis-related genes was conducted in a soybean
transgenic line, indicating that expression of 4-Coumarate:CoA ligase, Chalcone
isomerase, Flavanone 3-hydroxylase (F3H), and Flavonol synthase (FLS) genes were
increased in young leaves of the transgenic line. The expression of F3H and FLS
genes was also enhanced in developing seeds. LC-MS/MS analysis revealed that
glycosides of kaempferol, which is one of the flavonols, were markedly increased
in mature seeds of transgenic soybean. On the other hand, changes of isoflavone
content were not detected. Thus, we demonstrated that over-expression of the
LiMyb12 gene could be useful for molecular breeding of soybean flavonoids. Soy
Protein Research, Japan 13, 37-42, 2010.
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Fig. 1. Expression vectors for soybean transformation
mediated by Agrobacterium. P35S, cauliflower
mosaic virus (CaMV) 35S promoter; Tnos,
terminator of nopaline synthase; T35S,
polyA signal of CaMV; Bar, phosphinothricin
acetyltransferase gene; RB, right border; LB,
left border.
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Fig. 2. Transgenic soybean lines. (a) Transgenic
plantlets of 355.GFP (left) and 35S:LjMyb12
(right) grown in culture room. (b) Mature
seeds obtained from Kariyutaka (left), 355.GFP
(middle), and 35S:LjMyb12 lines.
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Fig. 3. A partial diagram of the synthetic pathway
of flavonoids. Enzymes involved in each step
are indicated as follows: 4CL, 4-coumarate:
CoA ligase; CHS, chalcone synthase; CHR,
chalcone reductase; CH/, chalcone isomerase;
F3H, flavanone 3-hydroxylase; F3'H, flavonoid
3'-hydroxylase; DFR, dehydroflavonol
reductase; FLS, flavonol synthase; /FS,
isoflavone synthase. Each sequence of genes
used in the quantitative RT-PCR analysis
is referred to as follows: B -tubulin, M21296
(accession number); LiMyb12, AB334529; 4CL1,
AF29267; 4CL2, AF002259; CHS1, Al855764,
CHS2, X65636; CHS3, X53958;, CHR, X55730;
CHII1A, AY595413; CHI1B, AY595414; CHI2,
AY595415; F3H, AY595420; F3'H, AB061212;
DFR1, AF167556; DFR2, EF187612; FLS,
AB246668; /FS1, AF195798; IFS2, AF195799.
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Fig. 4. Quantitative RT-PCR analysis of LiMyb12, 4CL1, CHI1A, CHI2, F3H, and FLS genes in leaves (a-f)
and developing seeds (g-i) of Kariyutaka (WT) and transgenic lines (35S:GFP and 355:Myb12). Relative
expression level was determined by normalizing the PCR threshold cycle number of each gene with
that of the B -tubulin reference gene. Data are means + SD from the three independent experiments.
Superscript letters (a and b) indicate significant dillerences at the 5% level as judged using the Tukey-

Kramer test.
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Fig. 5. Relative content of amino acids, isoflavones, and flavonols in mature seeds of 35S5:.LjMyb12 and 35S.GFP
lines. Relative content is expressed on the value of 355.LjMybl12 per the value of 35S:GFP based on
the metabolic profiling by LC-MS/MS analysis. Hex and deoxyHex indicate hexose and deoxyhexose,
respectively. Data are means from the three independent experiments. ““ indicates significant diderence
at the 1% level as judged using the Student  test.

IFSO00000000000D00000DO000O0 goooooooooooooooooooooon
0000000000000 0000LMyb1200 gooooooooooooobooooooobooooo
go/fsO0O0ooooobooooooobocoogon goboooooooobooooobooooooooon
ooooobooooobooooooboooooboooo oooooooooobooobooooooooooon
ooooooooocooooooo od

gooogo

gooodooooooooooobobobboodooooooooooobooboooog
0o00ooooooooooobbooo0dooooooooobooobOboooooooooo
Joddoooooooooooobboboodoooooooooooooboboooooooooo
0o00o0oooo0oU0ooooU0UoOooooU0OooooOOoU0UoooooO0oooooooooo
0000000000000 o0oo00000o0o0000o0o000o0oooOo00ooooOoUOOMyb
0000000000 0OLMyb120000000000C0C0O0OOOOOOOOOOOOOOOOO
00000000000o0oo00oU000oooO000o0ooOo00o0ooooUooooOoOoooooon
0000000000000 00000U0U000U000000o0oooogRT-PCROOODO
0000000000000 000D0OO4-Coumarate:CoA ligase, Chalcone isomerase, Flavanone
3-hydroxylased F3HO O O O Flavonol synthaseO FLSO 0000000000 OOOOOOOOO
0000000000000 bOO0O0ORBHOODOFLSOODDODOODOOODODOOODOODODOOO
gooooooooooooLe-Ms/MSOOODOOODOOODOODOOOODOOOOODOOO

00000odododvol 18120100 41



gooooooooooooOoooobooOoooooOoO0ooobooOooooOooboOoooDooboOoo
oooooOO0O0O0000O0000000000LMyp12000000000000000000O

ooooobooocoooooooboo

gooogo

goobboobbooobooobobooo
gogopoz0 000000000000 0O0O0
0o00DoDDOoOO0o0o0ooDoooOoonJdpad Crp Sci,
75, 296-305.

20 Borevitz JO, Xia Y, Blount J, Dixon RA and
Lamb C (2000): Activation tagging identifies a
conserved MYB regulator of phenylpropanoid
biosynthesis. Plant Cell, 12, 2383-2394.

30 Mehrtens F, Kranz H, Bednarek P and Weisshaar
B (2005): The Arabidopsis transcription factor
MYB12 is a flavonol-specific regulator of
phenylpropanoid biosynthesis. Plant Physiol, 138,
1083-1096.

40 Paz-Ares J, Ghosal D, Wienand U, Peterson PA
and SaedLer H (1987): The regulatory cI locus
of Zea mays encodes a protein with homology to
myb proto-oncogene products and with structural
similarities to transcriptional activators. EMBO J,
6, 3553-3558.

50 Yu O, Shi J, Hession AO, Maxwell CA, McGonigle
B and Odell JT (2003); Metabolic engineering to
increase isoflavone biosynthesis in soybean seed.
Phytochemistry, 63, 753-763.

60 Butelli E, Titta L, Giorgio M, Mock H-P, Matros A,
Peterek S, Schijlen EGWM, Hall RD, Bovy AG,
Juo J and Martin C (2008): Enrichment of tomato
fruit with health-promoting anthocyanins by
expression of select transcription factors. Nature
Biotechnol, 26, 1301-1308.

42

70 Ballester AR, Molthoff J, de Vos R, Hekkert
BL, Orzaez D, Fernandez-Moreno JP, Tripodi
P, Grandillo S, Martin C, Heldens J, Ykema M,
Granell A and Bovy A (2010): Biochemical and
molecular analysis of pink tomatoes: deregulated
expression of the gene encoding transcription
factor SIMYB12 leads to pink tomato fruit color.
Plant Physiol, 152, 71-84.

80 Sato H, Yamada T, Kita Y, Ishimoto M and
Kitamura K (2007): Production of transgenic
plants and their early seed set in Japanese
soybean variety, Kariyutaka. Plant Biotechnol, 5,
533-536.

90 Yamada T, Watanabe S, Arai M, Harada K
and Kitamura K (2010): Cotyledonary node
pre-wounding with a micro-brush increased
frequency of Agrobacterium-mediated
transformation in soybean. Plant Biotechnol, 27,
217-220.

100 Jung W, Yu O, Lau S-MC, O'Keefe DP, Odell J,
Fader G and McGonigle B (2000): Identification
and expression of isoflavone synthase, the key
enzyme for biosynthesis of isoflavone in legumes.
Nature Biotechnol, 18, 208-212.

0000o0odododvol 18120100



