Propagation of Ornamental Plants
Vol. 3, Ne 1, 2003: 3-10

BIOCHEMICAL CHARACTERIZATION OF BLACK SPRUCE (PICEA MARIANA (MILL.) B.S.P.
SOMATIC EMBRYOGENESIS AND PRECOCIOUS GERMINATION

Tannis Beardmore

Natural Resources Canada, Canadian Forest Service-Atlantic Forestry Centre, Hugh John Fleming Forestry
Complex, 1350 Regent St.S., P.O. 4000, Fredericton, New Brunswick, Canada, E3A 5P7,
Fax: (506) 452-3525, E-mail: tbeardmo@nrcan.gc.ca

REFERENCES

Attree S. M., Pomeroy M. K., Fowke L. C. (1992). Manipulation of conditions for the culture of somatic embryos
of white spruce for improved triacylglycerol biosynthesis and desiccation tolerance. Planta, 187: 395-404.

Attree S. M., Fowke L. C. (1993). Embryology of gymnosperms: advances in synthetic seed technology of conifers.
Plant Cell, Tissue and Organ Culture, 35: 1-35.

Beardmore T., Charest P. J. (1995a). Black spruce somatic embryo germination and desiccation Tolerance. I. Ef-
fects of abscisic acid, cold and heat treatments on the germinability of mature black spruce somatic embryos.
Canadian Journal of Forest Research, 25: 1763-1772.

Beardmore T., Charest P. J. (1995b). Black spruce somatic embryo germination and desiccation tolerance. II. Effects
of an abscisic acid treatment on protein synthesis. Canadian Journal of Forest Research, 25: 1773-1781.
Bewley J. D., Black M. (1985). Seeds. Physiology of development and germination. Plenum Press, New York,

pp 124-140.

Crouch M. L., Sussex, I. M. (1981). Development and storage-protein synthesis in Brassica napus L. embryos in
vivo and in vitro. Planta, 153: 64-74.

Flinn B. S., Roberts D. R., Webb D. T., Sutton B. S. C. (1991a). Storage protein changes during zygotic embryo-
genesis in interior spruce. Tree Physiology, 8: 71-81.

Flinn B. S., Roberts D. R, Taylor L. E. P. (1991b). Evaluation of somatic embryos of interior spruce. Characteriza-
tion and developmental regulation of storage proteins. Physiolgia Plantarum, 82: 24-632.

Finkelstein R., Tenbarge K. M., Surnway J. E., Crouch M. L. (1985). Role of ABA in maturation in rapeseed
embryos. Plant Physiology, 78: 630-636.

Gifford D. J. (1988). An electrophoretic analysis of the seed proteins from Pinus monticola and eight other species
of pine. Canadian Journal of Botany, 66: 1808-1812.

Hakman 1., Fowke L. C. (1987). Somatic embryogenesis in Picea glauca (white spruce) and Picea mariana
(black spruce). Canadian Journal of Botany, 65: 656-659.

Hakman ., Stabel P., Engstrom P., Eriksson T. (1990). Storage protein accumulation during zygotic and somatic
embryo development in Picea abies (Norway spruce). Physiologia Plantarum, 80: 441-445.

Hakman I. (1993). Embryology in Norway spruce (Picea abies). An analysis of the composition of seed storage
proteins and deposition of storage reserves during seed development and somatic embryogenesis. Physiologia
Plantarum, 87: 148-159.

Hsu F. C. (1979). Abscisic acid accumulation in developing seeds of Phaseolus vulgaris L. Plant Physiology,
63: 552-556.

Jensen U., Lixue C. (1991). Abies seed protein profile divergent from other Pinaceae. Taxon, 40: 435-440.

Johnson-Flanagan A. M., Huiwen Z., Geng X., Brown D. C., Nykiforuk C. L., Singh J. (1993). Frost, abscisic
acid, and desiccation hasten embryo development in Brassica napus. Plant Physiology, 99: 700-706.

Karssen Cm., Brinkhorst-van der Swan D. L. C., Breekland A. E., Koornneef M. (1983). Induction of dormancy
during seed development by endogenous abscisic acid studies on abscisic acid deficient genotypes of Arabi-
dopsis thaliana (L.) Heynh. Planta, 157: 158-165.

Laemmli U. K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4.
Nature, 277: 680-685.

Leal I., Misra S. (1993a). Molecular cloning and characterization of a legumin-like storage protein cDNA of



Douglas fir seeds. Plant Molecular Biology, 21: 709-715.

Leal I., Misra S. (1993b). Developmental gene expression conifer embryogenesis and germination. III. Analysis of
crystalloid protein mRNAs and desiccation proiten mRNAs in the developing embryo and megagametophyte
of white spruce (Picea glauca (Moench) Voss). Plant Science, 88: 25-37.

Lelu M. A., Bailee M. (1990). Somatic embryogenesis in Picea mariana (black spruce) and Picea glauca (white
spruce) from excised cotyledons. Plant Physiology Biochemistry, 28: 785-792.

Litvay B. 1., Verma D. C., Johnson M. A. (1985). Culture medium and its components on growth and somatic
embryogenesis of the wild carrot (Daucus carota L.). Plant Cell Reports, 4: 325-328.

Meurs C.,Basra A.S., Karssen Cm., van Loon L. C. (1992). Role of abscisic acid in the induction of desiccation
tolerance in developing seeds of Arabidopsis thaliana. Plant Physiology, 98: 1484-1493.

Misra S., Green M. J. (1991). Developmental gene expression in conifer embryogenesis and germination. II.
Crystalloid protein synthesis in the developing embryo and megagametophyte of white spruce (Picea glauca
[Moench] Voss.). Plant Science, 78: 61-71.

Norstog K., Klein R. M. (1972). Development of cultured barley embryos. II. Precocious germination and dor-
mancy. Canadian Journal of Botany, 50: 1887-1894.

Piatkowski D., Schneider K., Salsmini F., Bartels D. (1990). Characterization of five abscisic acid-responsive
cDNA clones isolated from the desiccation tolerant plant Craterostigma plantagineum and their relationship
to other water-stress genes. Plant Physiology, 94: 1682-1688.

Raikhel N. V., Hughes D. W., Galau G. A. (1987). An enzyme-immunoassay for quantitative analysis of abscisic
acid in wheat. In: Molecular biology of plant growth control. Fox J., Jacobs M. (Eds.). Alan R. Liss, Inc.
New York: 197-207.

Roberts D. R., Flinn B. S., Webb D. T., Webster F. B., Sutton B. C. S. (1989). Characterization of immature
embryos of interior spruce by SDS-PAGE and microscopy in relation to their competence for somatic em-
bryogenesis. Plant Cell Reports, 8: 285-288.

Roberts D. R., Flinn B. S., Webb D. T., Webster F. B., Sutton B. C. S. (1990). Abscisic acid and indole-3-butyric
acid regulation of maturation and accumulation of storage proteins in somatic embryos of interior spruce.
Physiologia Plantarum, 78: 355-360.



