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Potential of Soybean Somatic Embryos as a Model System to Investigate the
Biosynthetic Pathways of Seed Components
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ABSTRACT

Soybean (Glycine max [L.] Merr.) is one of the world's most important crops.
Elucidation of biosynthetic mechanisms of the seed components at a molecular level
would provide valuable information for improvement of soybean. In this study, we
focused on soybean somatic embryos as tools for analyzing seed specific traits, since
the reproducible somatic embryos are easily maintained and matured synchronously
in large-scale, and a stable transformation technique using somatic embryos has been
established. Furthermore, although it takes at least six months to obtain transgenic
seeds, it takes only three months to obtain transgenic somatic embryos. Application
of somatic embryos for analysis of biosynthetic mechanisms of seed components
would accelerate study of soybean. We characterized the developmental change of
soybean somatic embryos by examining accumulation of major seed storage proteins
( -conglycinin and glycinin) as indicators. In developing somatic embryos, which
finally obtain partial desiccation tolerance and germination competency in 25-30
days, the seed storage proteins were gradually synthesized and stored in the protein
storage vacuoles as well as in seeds. « and «' subunits of g-conglycinin were
detected earlier than /8 subunit of 3-conglycinin and glycinin. In addition, the « and
«' subunits accumulated in both cotyledons and hypocotyls of somatic embryos,
whereas the 3 subunit and glycinin accumulated only in cotyledons. These
regulations in accumulation timing and the tissue specificity among the molecular
species are corresponding to those in seeds, indicating that somatic embryos develop
in similar manner to seeds. Thus somatic embryos are expected to be competent to
study seed components in soybean. Soy Protein Research, Japan 10, 18-23, 2007.
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Table 1. List of primers used for RT-PCR
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Name GenBank Forward primer Reverse primer Annealing g
accession no. temperature (C)

a X17698  CCAAACACAACAAGTGTCTCCAG GGGAATGGGAATTGACGTTCATCTTG 55
a M13759  CACAAGCAGGAAAAGCACCAAGGA TCCCCTTGTTGCTGCCCC 60
B 44893  GAGAATAACCCTTTCTACTTTAGAAGC  AAGTTTGATTATTTTGAGATTCTGGTGGTC 55
AlaBlb X15121  GCCTCAACAACCTCAACAAA ACCCTTGCACTGTGGCTTCT 60
A2Bla X15122  GCCGCAAGAATCTCAGCAAC TTCTTGCTGTGGCTTCCTCA 60
AlbB2 X15123  CACATTTGAAGAGCCTCAACAAAAAGGA GCAATGTTTGTCTTTCTCGTCACAATC 55
A5A4B3 X52863  ACCCAGAAGACCTAGACAAG GGACCCCAATTTCCTTCATA 60
A3B4 AB003680  GACCAAGCAGGCCCGAACAA GCCGGAGTTTCCTTGATACT 60
Actinl J01298  GACGCTGAGGATATTCAACC AGAAATCTGTGAGGTCACGA 50

The primer sets used for RT-PCR are shown. Primers were designed based on the sequences whose GenBank
accession numbers are presented in the table. The PCR conditions were 30 cycles of 94C for 1 min, the annealing

temperatures shown above for 1 min and 72°C for 1 min.
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Fig. 1. Morphological change of somatic embryos in histodifferentiation medium (FNL0S3S3). Panels of 0 and 5
days after induction of histodifferentiation show raspberry-like clumps of somatic embryos. Panels of 10-30
days show cauliflower-like clumps of somatic embryos. Bars =2 mm.
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Fig. 2. Expression of seed storage protein genes during somatic embryo development. Gene-expression of each
subunit of major seed storage proteins was analyzed by RT-PCR. Names of subunits are given on the left of
each panel. Gene-expression of soybean Actin 1 was examined as an internal control. (a) 3-Conglycin. (b)
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Fig. 3. Accumulation of seed storage proteins during somatic embryo development. (a) Accumulation of major
storage proteins in somatic embryos during development examined by SDS-PAGE. (b) Accumulation of the
storage proteins in hypocotyls (lane H) and cotyledons (lane C) of mature somatic embryos (25 days after
induction of histodifferentiation). (c) Accumulation of the storage proteins in seeds. Developing stage of
seeds was classified by fresh weight. (d) Accumulation of the storage proteins in hypocotyls and cotyledons
of seeds. The lanes in all gels were equally loaded with 16 g of protein extracts. The molecular mass of
each marker protein (lane M) were given on the left of panels. Positions of «', «, 2 subunits of 3-conglycin
and acidic and basic chains of glycinin are given on the right.
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Fig. 4. Morphological change of cells during somatic embryo development. (a) Immature somatic embryos (5 days
after induction of hitodifferentiation) observed by light microscopy. (b) Mature somatic embryos (25 days
after induction) observed by light microscopy. (c) Localization of «-TIP in the tonoplast of the vacuoles in
mature somatic embryos. (d) Accumulation of o' subunit of 3-conglycinin in the PSVs in mature somatic
embryos. Arrows, oil body. (e) Accumulation of glycinin in the PSVs in mature somatic embryos.
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