ARBUSCULAR
MYCORRHIZAE OF GOA

- A MANUAL OF IDENTIFICATION PROTOCOLS

Editors

B. F. Rodrigues
T. Muthukumar



Manuscript reprinted from

Arbuscular Mycorrhizae of Goa — A Manual of Identification Protocols
Editors: B. F. Rodrigues & T. Muthukumar

Goa University, 2009; 72-74

IN VITRO CULTIVATION OF ARBUSCULAR MYCORRHIZAL (AM) FUNGI USING ROOT ORGAN
CULTURE TECHNIQUE

B. F. Rodrigues
Department of Botany, Goa University, Goa 403 206.

Arbuscular mycorrhizal (AM) fungi colonize approximately 80% of terrestrial plants and their
beneficial effects on the growth and health of plants have been recognized for some time. However, their
obligate biotrophic nature has limited in vitro culture and large-scale production, reducing their potential use
as inoculum in agricultural and horticultural practices (Plenchette et al., 1996).

A natural genetic transformation of roots with the soil bacterium Agrobacterium rhizogenes Conn.
was achieved decades ago (Riker et al., 1930; Ark and Thompson, 1961) and applied in the eighties to
excised roots for the cultivation of AM fungi. This technology, also known as the root organ culture
technique is now receiving more and more attention to study various aspects of the symbiosis.

Various plants such as Lycopersicon esculentum Mill., Trifolium pratense L., Trifolium repens L.,
Allium cepa L., Daucus carota L., Linum usitatissimium L., Tagetes pastula L., Solanum tuberosum L.,
Medicago truncatula Gaertn., etc. have been used to establish monoxenic (i.e. root organ) cultures of AM
fungi. Mosse and Hepper (1975) first successfully performed root organ culture by using a system based
on dual culture of Glomus mosseae Nicolson & Gerd. spores with excised roots of Trifolium pratense L.
(red clover). Due to their obligate symbiotic nature, less than 5% of AM fungi were successfully cultivated
using the dual culture approach. The monoxenic method involved growing sterile AM fungal spores on dual
culture plates with transformed D. carota L. (carrot) roots. Agrobacterium rhizogenes Conn., a gram-
negative soil bacterium which induces hairy root disease of dicotyledonous plants, is used to induce hairy
roots. In roots transformed with this bacterium, a segment of the bacterial DNA, named the T (transformed
DNA) of the plasmid Ri (root inducing) is incorporated into the host plant cells (Chilton et al., 1982).
Integration and expression of this DNA in the plant genome lead to the development of hairy root
phenotype and synthesis of novel low molecular weight compounds called opines (Tepfer and Tempe,
1981). Depending on the strain of A. rhizogenes used for the transformation, different principals opines can
be found in the tissues of the hairy root such as agropine, mannopine, cucumopine or mikimopine
(Dessaux et al.,, 1992). These adventitious roots are then cultured in vitro on medium devoid of plant
hormones, where they grow very rapidly, with a characteristic, highly branched and non-geotropic pattern.
The combination of transformed carrot roots and sterile AM fungal spores can be used to produce “dual in
vitro cultures” that provide an efficient method of producing abundant spores (>5000) and mycelia in a 9 cm
petri plate (Becard and Fortin, 1988) (Plate 13 e & f).
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Plate 13e. In vitro spore germination Plate 13f. In vitro sporulation




Root organ culture has obvious advantages over traditional systems, permitting production of
contaminant-free propagules. So far, 25 AM fungal species have been successfully cultivated in monoxenic
culture (Fortin et al., 2002). However, most data generated under monoxenic culture conditions have been
obtained with Glomus and Gigaspora species, while in situ observations on in vitro-produced cultures of
Scutellospora species have been seldom reported.

The success achieved by using root organ culture technique in cultivation of AM fungi in vitro is not
only restricted to the study of the symbiotic interactions, but also permits the increase in knowledge in
morphology, taxonomy, phylogeny and biochemistry fields together with some aspects of their ecology
(Cranenbrouck et al., 2005).

References

Ark, P. A., J. P. Thompson (1961). Detection of hairy root pathogen, Agrobacterium rhizogenes, by the use of fleshy
roots. Phytopathol. 51, 69-71.

Becard, G., J. A. Fortin (1988). Early events of vesicular arbuscular mycorrhiza formation in Ri T-DNA transformed
roots. New Phytol. 108, 211- 218.

Chilton, M. D., D. A. Tepfer, A. Petit, C. David, F. Casse- Delbart, J. Tempe (1982). Agrobacterium rhizogenes inserts T-
DNA into the genome of host plant root cells. Nature 295, 432-434.

Cranenbrouck, S., L. Voets, C. Bivort, L. Renard, D. G. Strullu, S. Declerck (2005). Methodologies for in vitro
cultivation of arbuscular mycorrhizal fungi with root organs. In: Soil Biology Vol. 4 In Vitro Culture of
Mycorrhizas. (Eds. S. Declerck, D. —G. Strullu, A. Fortin) Springer-Verlag Berlin, Heidelberg pp. 341-375.

Dessaux Y., A. Petit, J. Tempe (1992). Opines in Agrobacterium biology. In: Molecular Signals in Plant Microbe
Communications. (Ed. D. P. S. Verma) CRC Press Boca Raton, pp. 109-136.

Fortin, J.A., G. Becard, S. Declerck, Y. Dalpe, M. St-Arnaud, A. P. Coughlan, Y. Piche (2002). Arbuscular mycorrhiza in
root-organ cultures. Can. J. Bot. 80, 1-20.

Mosse, B., C. M. Hepper (1975). Vesicular-arbuscular mycorrhizal infections in root organ cultures. Physiol. PI. Pathol.
5, 215-223.

Plenchette, C., S. Declerck, T. A. Diop, D. -G. Strullu (1996). Infectivity of monoaxenic subcultures of the arbuscular
mycorrhizal fungus Glomus versiforme associated with Ri-T-DNA-transformed carrot root. Appl. Microbiol.
Biotech. 46, 545-548.

Riker, A. J., W. M. Banfield, W. H. Wright, G. W. Keitt, H. E. Sagen (1930). Studies on infectious hairy root of nursery
apple trees. J. Agric. Res. 41, 507-580.

Tepfer, D.A., J. Tempe (1981). Production d’agropine par des raciness ormees sous l'action d’ Agrobacterium
rhizogenes, souche A4. C R Acad. Sci. Paris. 292,153-156.

R S S S S s



