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Molecular Genetic Study of Temperature Responsivey -Tocopherol
Methyltransferase Genes in Soybean Seeds

Tetsuya YAMADA", Kohei MARUYAMA and Jun ABE

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

ABSTRACT

Tocopherol content and composition were examined in mature seeds obtained
from six soybean varieties grown under different temperature conditions (low,
middle, and high) during the seed filling. Three of six varieties increased the total
tocopherol content in seeds filling under the high temperature condition. There
was no significant difference in total tocopherol content in the other varieties.
We focused on the content of a-tocopherol in seeds filling under the different
temperature conditions, because o -tocopherol possesses the highest vitamin E
activity in mammals. The content of a-tocopherol was significantly increased in
seeds of all varieties grown under the high temperature condition, indicating that
high temperature during seed filling enhanced the biosynthesis of a -tocopherol
in soybean seeds. There was a varietal dilerence for the amount of increased a
-tocopherol. The expression levels of y -tocopherol methyltransferase { -TMT) and
methyl-6-phytyl-1,4-benzoquinone methyltransferase (MPBQMT) genes, which were
closely related to the biosynthesis of o -tocopherol, were evaluated in seeds filling
under the dilerent temperature conditions by quantitative RT-PCR analysis. The
gene expression analysis revealed that the expression of y -TMTZ2 among three y
-TMT genes was significantly increased in seeds of five varieties grown under
the high temperature condition in comparison with those grown under other
temperatures. On the other hand, there was no change for the expression of the
MPBQMT gene in most varieties grown under the [? drop?] diJerent temperature
conditions. We concluded that the expression of the y -TMTZ2 gene in response to
temperature during seed filling was closely associated with the biosynthesis of a
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-tocopherol in soybean seeds grown under the diJerent temperature conditions. Soy

Protein Research, Japan 17, 25-31, 2014.
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Fig. 1. Total tocopherol content in mature seeds of soybean grown under low (2000 ), middle (2500 ), and high (300 )
temperature conditions. Data are means + SD from three independent experiments. Superscript letters (a,
b, and c) indicate significant dilerences at the 5% level as judged using the Tukey-Kramer test.
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Fig. 2. o -tocopherol content in mature seeds of soybean grown under low (2000 ), middle (250 ), and high (3000)

temperature conditions. Data are means + SD from three independent experiments. Superscript letters (a,
b, and c) indicate significant dilerences at the 5% level as judged using the Tukey-Kramer test.
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Fig. 3. Tocopherol biosynthetic pathway in higher
plants. Phytyl-DP, HGA, MPBQ, and DMPBQ
indicate phytyl diphosphate, homogentisic acid,
methyl-6-1,4-benzoquinone, and 2,3-dimethyl-
6-phytyl-plastoquinol, respectively. HPT,
MPBQMT, TC, andy -TMT indicate phytyl
transferase, MPBQ methyltransferase,
tocopherol cyclase, and y -tocopherol
methyltransferase, respectively.
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Fig. 4. Quantitative RT-PCR analysis of y -TMT1 gene in seeds of soybean grown under low (2000 ), middle
(2500), and high (3000 ) temperature conditions. Relative expression level was determined by normalizing
the PCR threshold cycle number of each gene with that of the 185 rRNA reference gene. Data are
means = SD from the three independent experiments. Superscript letters (a, b, and c) indicate significant
dillerences at the 5% level as judged using the Tukey-Kramer test.
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Fig. 5. Quantitative RT-PCR analysis of y -TMT2 gene in seeds of soybean grown under low (2000 ), middle
(250), and high (3000 ) temperature conditions. Relative expression level was determined by normalizing
the PCR threshold cycle number of each gene with that of the 18S rRNA reference gene. Data are
means = SD from the three independent experiments. Superscript letters (a, b, and c) indicate significant
dilerences at the 5% level as judged using the Tukey-Kramer test.
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Fig. 6. Quantitative RT-PCR analysis ofy -TMT3 gene in seeds of soybean grown under low (200 ), middle (2500 ),
and high (3000 ) temperature conditions. Relative expression level was determined by normalizing the
PCR threshold cycle number of each gene with that of the 18S rRNA reference gene. Data are means *
SD from the three independent experiments. Superscript letters (a and b) indicate significant dierences
at the 5% level as judged using the Tukey-Kramer test.
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Fig. 7. Quantitative RT-PCR analysis of MPBQMTZ2 gene in seeds of soybean grown under low (2000 ), middle
(250), and high (300 ) temperature conditions. Relative expression level was determined by normalizing
the PCR threshold cycle number of each gene with that of the 18S rRNA reference gene. Data are
means = SD from the three independent experiments. Superscript letters (a and b) indicate significant
dilerences at the 5% level as judged using the Tukey-Kramer test.
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