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Plants and microbes interact in various relationships which
have both adverse and beneficial effects on plant growth and
microbial communities. Many processes of these interactions
occur at or near the root—soil interface, which is known as
the rhizosphere. The rhizosphere is defined as the soil region
under the immediate influence of plant roots. Many studies
suggest that the microbial community in rhizosphere inhibits
invasion of the plant pathogen to the plant root (10, 14, 22)
and play an important role in essential reactions of the nutrient
cycle (6, 7, 9). Microorganisms degrade organic material and
release inorganic nutrients such as ammonium and phosphate,
which can then be taken up by plants. Microorganisms
involved in phosphorus metabolism in the rhizosphere have
received considerable attention because plant-available phos-
phorus is limited in many soils. In the current issue, Unno
and Shinano report phytic acid degradation by a rhizosphere
specific microbial community (18).

Most agricultural soils contain too little available phos-
phorus for high and stable crop production (5). Therefore
large amounts of phosphorus fertilizers are applied to agri-
cultural fields to maintain high levels of crop productivity.
Phosphorus fertilizers are usually made from phosphate rock
which has been suggested to be depleted in the 21st century
2).

A large portion of phosphorus in most soils is organic
forms, and a major component of soil organic phosphorus is
phytic acid mainly consisting of inositol penta- and hexaphos-
phates (3). Most plant species cannot utilize soil phytic acid
as a phosphorus source (Fig. 1), because they lack extracel-
lular phytases which are enzymes that can liberate inorganic
phosphate from the phytic acid. Phytases are produced by
many microorganisms including bacteria, yeasts and fungi
(4). Microbial degradation of phytic acid is presumed to occur
in soils because phytase-producing microorganisms are
widely distributed in various soils (12). In several laboratory
studies, inoculation of phytase-producing bacteria to plants
increased the phosphorus availability for plants supplied with
phytic acid (12).

In a previous work, Unno et al. focused on phytic acid
metabolism in the rhizosphere of Lupinus albus and isolated
about 300 strains of phytic acid-utilizing bacteria from the
rhizosphere (17). In this experiment, they used a unique field
soil, which had not received phosphate fertilizer for 90 years.
Almost all isolated bacteria were identified as Burkholderia
genus on the basis of 16S rDNA sequence analysis. This is
the first evidence that Burkholderia has phytase activity and
shows plant growth promoting effect with phytic acid as the
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sole phosphorus source. Burkholderia is a genus commonly
found in soil and associated with plants. Many Burkholderia
strains have been shown to provide benefits to plant, through
nitrogen supply by nitrogen fixation and suppression of plant
disease (15).

Unno and Shinano conducted culture experiments of Lofus
Jjaponicus using the unique field soil which was used for
isolation of phytase producing Burkholderia strains (17), to
investigate adaptation of the microbial community to phytic
acid degradation in the rhizosphere. They found that the
rhizosphere of L. japonicus showed significant phosphorus
utilization from phytic acid applied to the soil under certain
conditions. They used molecular fingerprint analysis (DGGE)
and metagenomic analysis using pyrosequencing to identify
key microbes and to elucidate the processes involved in phytic
acid degradation in the rhizosphere. The DGGE analysis
showed no clear relationship between the microbial compo-
sition and the phytic acid utilization of L. japonicas. Although
DGGE analysis is a powerful tool to evaluate the microbial
composition in soil environments (1, 13, 16, 19), it has some
major limitations such as low sensitivity in detecting rare
members of the microbial community and co-migration of
distinct gene sequences in single bands containing multiple
sequences. However, recently metagenomic analysis using
pyrosequencing is improving the understanding of gene
diversity in microbial communities in various environments
(8, 11). There are a few studies using metagenomic analysis
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Fig. 1. Seedlings of Lotus japonicus grown in the presence of

inorganic phosphate, phytic acid and in the absence of phosphate (Y.
Unno and T. Shinano, unpublished data).



for functional microbial community in rhizosphere. Unno
and Shinano have successfully used metagenomic analysis
to elucidate the diversity of the microbial community
and to identify the genes encoding enzymes potentially
involved in phytic acid degradation in the rhizosphere.
Comparison of metagenomic data from phytic acid utilizing-
rhizosphere microbial community and non-phytic acid
utilizing-rhizosphere microbial community revealed changes
in the relative abundance of some bacterial classes that
included strains that potentially promote plant growth and
phytic acid utilization. Metagenomic analysis also showed
changes in the relative abundance of some genes encoding
enzymes associated with phytic acid utilization. These
phylogenetic and metabolic properties suggest that bacterial
communities adapted to degradation and utilization of
phytic acid in the rhizosphere under the influence of plant
root. These results provide new insights beyond individual
bacterial biochemical and genetic information on phytic acid
metabolism.

Although metagenomic DNA-based analysis provides
useful information on the phylogenetic and metabolic genes
of a microbial community, it cannot be used to estimate the
active microbial population size and the expression level of
target genes. Metatranscriptomic analysis has significant
potential for describing functional processes in complex
microbial communities. Analysis of mRNA and 16S rRNA
can reveal metabolically active populations. In the past
several years, some attempts have been made to investigate
microbial gene expression in soils (20), and recent advances
in the procedure of extraction and purification of soil mRNA
(21) make it possible to elucidate the functional status of
microbial community in soil ecosystems including rhizo-
spheres. Such metatranscriptomic approaches could provide
significant insights into the mechanisms of phytic acid
degradation and utilization of phosphate in the rhizosphere.
Further understanding of the roles of microbial consortia in
rhizosphere and plant roots in the establishment of the phytic
acid utilization system could be exploited to improve
agricultural management practices in crop nutrition.

References

1. Bao, Z., Y. Ikunaga, Y. Matsushiata, ef al. 2012. Combined analyses
of bacterial, fungal and nematode communities in andosolic agricul-
tural soils in Japan. Microbes Environ. 27:72-79.

2. Cordell, D., J.-O. Drangerta, and S. White. 2009. The story of
phosphorus: global food security and food for thought. Glob. Environ.
Change 19:292-305.

. Dalal, R.C. 1977. Soil organic phosphorus. Adv. Agron. 29:83-117.

4. Fathallh Eida, M., T. Nagaoka, J. Wasaki, and K. Kouno. 2013.
Phytate degradation by fungi and bacteria that inhabit sawdust and
coffee residue composts. Microbes Environ. 28:71-81.

5. Hinsinger, P. 2001. Bioavailability of soil inorganic P in the
rhizosphere as affected by root-induced chemical changes: a review.
Plant and Soil 237:173-195.

(5

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

HAYATSU

. Inaba, S., F. Ikenishi, M. Itakura, et al. 2012. N>O emission

from degraded soybean nodules depends on denitrification by
Bradyrhizobium japonicum and other microbes in the rhizosphere.
Microbes Environ. 27:470-476.

. Ishii, S., S. Ikeda, K. Minamisawa, and K. Senoo. 2011. Nitrogen

cycling in rice paddy environments: past achievements and future
challenges. Microbes Environ. 26:282-292.

. Knief, C., N. Delmotte, S. Chaffron, M. Stark, G. Innerebner, R.

Wassmann, C. von Mering, and J.A. Vorholt. 2012. Metaproteoge-
nomic analysis of microbial communities in the phyllosphere and
rhizosphere of rice. ISME J. 6:1378-1390.

. Lin, L., Z. Li, C. Hu, X. Zhang, S.Chang, L. Yang, Y. Li, and Q. An.

2012. Plant growth-promoting nitrogen-fixing enterobacteria are in
association with sugarcane plants growing in Guangxi, China.
Microbes Environ. 27:391-398.

Masunaka, A., M. Hyakumachi, and S. Takenaka. 2011. Plant
growth-promoting fungus, Trichoderma koningi suppresses isofla-
vonoid phytoalexin vestitol production for colonization on/in the
roots of Lotus japonicas. Microbes Environ. 26:128-134.

Okubo, T., S. Ikeda, A. Yamashita, K. Terasawa, and K.
Minamisawa. 2012. Pyrosequence read length of 16S rRNA gene
affects phylogenetic assignment of plant-associated bacteria.
Microbes Environ. 27:204-208.

. Richardson, A.E. 2001. Prospects for using soil microorganisms

to improve the acquisition of phosphorus by plants. Aust. J. Plant
Physiol. 28:897-906.

Shimano, S., M. Sambe, and Y. Kasahara. 2012. Application of
nested PCR-DGGE (denaturing gradient gel electrophoresis) for the
analysis of ciliate communities in soils. Microbes Environ. 27:136-
141.

Someya, N., S. lkeda, T. Morohoshi, M. Noguchi Tsujimoto, T.
Yoshida, H. Sawada, T, Ikeda, and K. Tsuchiya. 2011. Diversity of
culturable chitinolytic bacteria from rhizospheres of agronomic plants
in Japan. Microbes Environ. 26:7-14.

. Suarez-Moreno, Z.R., J. Caballero-Mellado, B.G. Coutinho, L.

Mendonga-Previato, E.K. James, and V. Venturi. 2012. Common
features of environmental and potentially beneficial plant-associated
Burkholderia. Microb Ecol. 263:249-266.

Takada Hoshino, Y., S. Morimoto, K. Nagaoka, C. Suzuki, T.
Karasawa, M. Takenaka, and H. Akiyama. 2011. Effect of soil type
and fertilizer management on archaeal community in upland field
soils. Microbes Environ. 26:307-316.

Unno, Y., K. Okubo, J. Wasaki, T. Shinano, and M. Osaki. 2005.
Plant growth promotion abilities and microscale bacterial dynamics
in the rhizosphere of Lupin analysed by phytate utilization ability.
Environ. Microbiol. 7:396-404.

Unno, Y., and T. Shinano. 2013. Metagenomic analysis of the
rhizospere soil microbiome with respect to phytic acid utilization.
Microbes Environ. 28:120-127.

Urashima, Y., T. Sonoda, Y. Fujita, and A. Uragami. 2012.
Application of PCR-denaturing-gradient gel electrophoresis (DGGE)
method to examine microbial community structure in asparagus
fields with growth inhibition due to continuous cropping. Microbes
Environ. 27:43—48.

Urich, T., A. Lanzén, J. Qi, D.H. Huson, and C. Schleper. 2008.
Simultaneous assessment of soil microbial community structure and
function through analysis of the meta-transcriptome. PLoS One
3:e2527.

Wang, Y., M. Hayatsu, and T. Fujii. 2012. Extraction of bacterial
RNA from soil: challenges and solutions. Microbes Environ. 27:111-
121.

Vasanthakumari, M.M., and M.B. Shivanna. 2011. Fungal
assemblages in the rhizosphere and rhizoplane of grasses of the
subfamily Panicoideae in the Lakkavalli region of Karnataka, India.
Microbes Environ. 26:228-236.



