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Abstract: Plant uptake water and nutrients from the surrounding environment of root. The area is called rhizosphere and we are 
especially interested in the role of those microorganisms who are playing an important role for the enhancing of plant growth. 
However, the functional diversity of the rhizosphere soil microorganisms is still unclear, because more than 99% of microbial 
species in soil are refractory to cultivation in laboratory growth conditions. Recently, the result of comparative analysis on 
environmental metagenomes was reported, and suggested that this approach can be an extremely valuable tool for the 
characterization of complex microbial communities. As the rhizosphere microbial community is intricately-intertwined with plant 
root and these community structure may be easily affected by plant root status, we have tried to improve the tools to analyze the 
rhizosphere soil sample by using comparative metagenomics approach, such as rhizosphere soil acquirement, soil DNA extraction, 
purification and amplification and plant DNA removal. By using these tools, we applied this approach to analyze the shift of 
rhizosphere microbial community structure with the plant root’s status and distinguish the difference in the genes who may play 
important roles in the meaning of increasing the availability of nutrient to plant. The result of our study on the microbial 
communities of white lupin's rhizosphere soil showed that white lupin have a greater influence on their rhizosphere microbial 
communities than expected. Our study using Lotus japonicus suggested that previously unimaginable microbial gene clusters 
involved in phytic acid (which is a major soil organic phosphorus) utilization in the rhizosphere soil, though the overall meaning 
from the data cannot be simply assembled into metabolic change within these rhizospheres. We conclude that this approach on 
rhizosphere soil samples will likely provide a valuable method for the rizosphere microbial community analysis. 
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1. Introduction 
 

Rhizosphere is an area, which is very closed to the root (Fig. 1) and designated as the soil where the plant root 
affect its biological, chemical, and physical characteristics [1]. The importance of rhizosphere can be described by 
the resemblance of its visual resemblance with animal intestine. In both environments a large number of hairs (root 
hair and villus, respectively in 
rhizosphere and intestine) increase the 
surface area of cells and help the plant 
or animal nutrient uptake and 
furthermore, in both area a large 
number of microorganisms play key 
roles such as decomposing organic 
compounds, producing vitamins and/or 
hormones-like compounds, and 
interaction with beneficial and/or 
harmful organisms, etc. Though 
researches are advanced in intestine 
topics especially focusing on human, 
rhizosphere is one of the area which has 
high microbial activity in land territory; 
the stimulation of microbial growth by 
roots is commonly known as the 
rhizosphere effect. However, the details 
of the rhizosphere effect on functional 
diversity of soil microorganisms are still 
unclear, because more than 99% of microbial species in soil are still refractory to cultivation in laboratory growth 
conditions [2]. Several technical efforts such as various molecular fingerprint methods have been widely introduced 
to analyze with the inclusion of hardy cultivable microorganisms. However, these methods are not suitable to apply 
community analysis of rhizosphere soil, which has high microbial diversity, so it is difficult to elucidate the global 
image of soil microorganisms using traditional methods.  

Recently, the result of comparative analysis on environmental metagenomes was reported, and suggested that 
comparative metagenomics approach can be an extremely valuable tool for the characterization of complex microbial 
communities. Over the last few years, one of the most important advance in the area of studying unculturable 
microorganisms in the environment, has been demonstrated by using pyrosequencing technology [e.g. 3,4,5,6,7,8]. 
However, as the rhizosphere microbial community is intricately-intertwined with plant root and these community 

 

Fig. 1 Rhizosphere is a area where plant root, soil and soil microorganisms 
are mutually interacting. 
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structure may be easily affected by plant root status (growth stage, age of root, surrounding condition, etc.). Taking 
the state into consideration, we have tried to improve the tools to analyze the rhizosphere soil sample by using 
pyrosequencing technology, such as rhizosphere soil acquirement, soil DNA extraction, purification and 
amplification and plant DNA removal. By using these tools, we have applied comparative metagenomics approach to 
analyze the shift of rhizosphere microbial community structure with the plant root’s status and distinguish the 
difference in the genes who may play important roles in the meaning of increasing the availability of nutrient to 
plants. 
 
2. Analysis on the shift of rhizosphere microbial community structure with the plant root’s 
status 
 

White lupin (Lupinus albus L.) grows better than 
other plant species when P is in short supply and 
when organic phosphorus is the only source of P. It is 
well known that white lupin forms cluster roots, 
which are bottle brush-like clusters of rootlets with 
limited growth along lateral roots (Fig. 2). White 
lupin was found to modify its rhizosphere, especially 
the space that surrounds its cluster roots, by secreting 
organic acids and phenolic compounds, by changing 
pH, and so on. Exudation of organic acids from roots 
enhances P availability by chelating cations such as Fe, 
Al, or Ca, which form practically insoluble phosphates 
in the soil. Previous study indicated that some microorganisms living in the rhizosphere soil of cluster root contribute 
lupin’s ability to absorb P from low P soil. Therefore, the physiological and morphological differences among white 
lupin root types will be a helpful model to study plant-bacteria interaction from a standpoint of P effective utilization 
for plant. Our study aimed to introduce a comparative metagenomics approach for the analysis of rhizosphere 
microbial community structure shift with white lupin 
root’s status.  

Rhizosphere soil samples were collected from the 
adhering soil to roots of rhizobox-grown white lupin 
plants. In the case of rhizosphere soil, as the obtained 
amount of soil DNA is limited, extracted DNAs were 
amplified by using Multiple Displacement 
Amplification (MDA) technology before 
metagenomic analysis. Our data showed that MDA is 
feasible to obtain sufficient amount of DNA with 
minimal amplification bias from small community 
sample, such as the rhizosphere soil. In addition, for 
the analysis of metagenomes using complementary 
and less expensive methods, Suppressive Subtractive 
Hybridization (SSH) was performed using three types 
of genomic DNA isolated from rhizosphere soil of 
different roots category (Normal root, Mature cluster 
root and Senescent cluster root) as a tester that was 
previously treated with MDA, and plant DNA as a 
driver. After DNA sequencing that produced more 
than 10 Mb by using using Genome Sequencer-20 
system, we conducted computer-assisted DNA-DNA 
comparison. The result of the study on the microbial 
communities of white lupin's rhizosphere soil showed 
that white lupin plant have a far greater influence on 
their rhizosphere microbial communities than 
expected (Fig. 3). We conclude that comparative 
metagenomics approach using MDA, SSH and 
pyrosequencing on limited samples will likely provide 
a valuable method for the analysis of rhizosphere 
microbial dynamics.  
 
 

 

Fig. 3 Analytical results of rhizosphere metagenomes of 
white lupin. Each node shows that rhizosphere soil 
metagenomes descended from different stages of white 
lupin roots and the number in parentheses shows the 
number of sequences. Each edge shows the similarity of 
each metagenome and the number on edges shows the 
number of matches between each metagenome by blastn 
(E<10-5). 

Fig. 2 White lupin’s cluster root.
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3. Identification of the gene clusters contribute phytic acid utilization in rhizosphere soil. 
 

Though phytic acid is a major soil 
phosphorus compound and widely distributed 
in the world, it is known that plant do not 
exude phytase into the rhizosphere, which 
decompose phytic acid into inorganic 
phosphorus. When using the experimental field 
located in Hokkaido University which has been 
managed with or without chemical fertilizers 
over 90 years, to cultivate Lotus japonicus with 
phytic acid as a sole phosphorus supply, some 
plants reached their flowering stage but the 
other remain their vegetative growth stage (Fig. 
4), though L. japonicus does not have the 
decomposing or absorbing activity of phytic 
acid under aseptic condition [9]. As the same 
amount of phytic acid was applied to the same 
soil, it is strongly suggested that the rhizosphere soil microorganisms contribute this phenomenon. It is important to 
understand how the functional genes related to phytic acid availability in the rhizoshpere soil, which can utilize 
phytic acid.  

Rhizosphere soil samples were collected from the adhering soil to roots of pot-grown L. japonicus plants. For 
metagenome analysis, metagenome DNA obtained from rhizosphere were mixed from 5 pots. Then the 
pyrosequencing was performed by using Genome Sequencer-FLX system. Sequence data was further concentrated 
by removing those sequences known as artifacts and plant genome data (Lotus japonicus Genome DB). Remained 
sequences (more than 12K reads) are considered as representative sequence data to compare the different rhizosphere 
soil microbiomes, which caused the different plant phenotype. Then the DNA sequences were analyzed in the 
metagenomics RAST pipeline by the SEED platform. The difference was compared at the class level, several 
bacterial classes were considerably increased in phytic acid utilizing plant rhizosphere sample, one of them is 
Betaproteobacteria and interestingly we have isolated a large number of phytate degradative strains from the same 
soil before [9]. To obtain insight of functional differences, sequenced genes were assigned to the SEED subsytem. 
The major subsystem categorized by the sequenced data, was Carbohydrate (15% and 14% in phytic acid no utilizing 
plant rhizosphere and phytic acid utilizing plant rhizosphere, respectively) and Amino acids and Derivatives (9% and 
10%, respectively). The data were analyzed by the xipe software [10] whether there is any significant difference was 
existed between them, at 0.90 confidence, Amino acids and Derivatives category and Organic acids related category 
were increased in phytic acid utilizing plant rhizosphere. Though the overall meaning from the data can not be 
simply assembled into metabolic change between these rhizospheres, it is also worthwhile to note that the ratio of 
genes related to organic phosphorus utilization, such as Alkaline phosphatase and Citrate synthase, increased along 
with soil phytic acid utilization. As organic acids promote phytic acid degradation by phytase, via their chelate effect, 
observed Citrate synthase could be a candidate to act on this process. 

The results indicate that the contribution of rhizosphere microorganisms may contribute the soil phytic acid 
degradation while it is still unclear why these change are emphasized in rhizosphere of L. japonicus with higher 
phosphorus uptake. That is, the existence of any associative relationship (phytic acid degradation partially help the 
plant growth) or competitive relationship (higher phosphorus uptake by plant root from rhizosphere soil result 
microorganism to develop strategy to obtain phosphorus from phytic acid) may play a part of the driving force. 
 
Acknowledgement 
 

This research was partially supported by the Ministry of Education, Science, Sports and Culture, Grant-in-Aid for 
Exploratory Research , 17658144, 2007, and eDNA project, NIAES.  
 
References 
 
[1]  Hiltner, L, (1904) Über neuere Erfahrungen und Probleme auf dem Gebiete der Bodenbakteriologie unter besonderer 

Berücksichtigung der Gründüngung und Brache. Arbeiten der Deutschen Landwirtschafts-Gesellschaft H, 98:59–78.  
[2]  Amann, R.I, 1995. Fluorescently Labeled, Ribosomal-rna-targeted Oligonucleotide Probes in the Study of Microbial 

Ecology, Molecular Ecology, 4(5):543-553. 
[3]  Edwards, R.A., Rodriguez-Brito, B., Wegley, L., Haynes, M., Breitbart, M., Peterson, D.M., Saar, M.O., Alexander, S., 

Alexander, E.C., Rohwer, F, 2006. Using Pyrosequencing to Shed Light on Deep Mine Microbial Ecology, BMC Genomics, 
7:57. 

Fig. 4 Soil with phytic acid as a sole phosphorus supply. Left and 
right figures indicate that those plant who did not reach flowering 
stage and flowered at the same sampling time 



W5-09 

 4

[4]  Krause, L., Diaz, N.N., Edwards, R.A., Gartemann, K.H., Krömeke, H., Neuweger, H.,  Pühler, A., Runte, K.J., Schlüter, 
A., Stoye, J., Szczepanowski, R., Tauch, A., Goesmann, A, 2008. Taxonomic Composition and Gene Content of a Methane-
producing Microbial Community Isolated from a Biogas Reactor. Journal of Biotechnology, 136(1-2):91-101. 

[5]  Schlüter, A., Bekel, T., Diaz, N.N., Dondrup, M., Eichenlaub, R., Gartemann, K.H., Krahn, I., Krause, L., Krömeke, H., 
Kruse, O., Mussgnug, J.H., Neuweger, H., Niehaus, K., Pühler, A., Runter, K.J., Szczepanowski, R., Tauch, A., Tilker, A., 
Viehöver, P., Goesann, A, 2008. The metagenome of a biogas-producing microbial community of a production-scale biogas 
plant fermenter analysed by the 454-pyrosequencing technology. Journal of Biotechnology 136(1):77-90. 

[6]  Wegley, L., Edwards, R., Rodriguez-Brito, B., Liu, H., Rohwer, F, 2007. Metagenomic analysis of the microbial community 
associated with the coral Porites astreoides. Environmental Microbiology, 9(11):2707-2719. 

[7]  Diaz, N.N., Krause, L., Goesmann, A., Niehaus, K., Nattkemper, T.W, 2009. TACOA - Taxonomic classification of 
environmental genomic fragments using a kernelized nearest neighbor approach  2009  BMC Bioinformatics, 10, art. no. 
56. 

[8]  Kröber, M., Bekel, T., Diaz, N.N., Goesmann, A., Jaenicke, S., Krause, L., Miller, D., Runte K.J., Viehöver, P., Puhler, A., 
Schlüter, A, 2009. Phylogenetic characterization of a biogas plant microbial community integrating clone library 16S-rDNA 
sequences and metagenome sequence data obtained by 454-pyrosequencing. Journal of Biotechnology, 142(1):38-49. 

[9]  Unno, Y., Ohkubo, K., Wasaki, J., Shinano, T., Osaki, M, 2005. Plant growth promotion abilities and microscale bacterial 
dynamics in the rhizosphere of Lupin analysed by phytate utilization ability. Environmental Microbiology, 7(3):396-404. 

[10] Rodriguez-Brito, B., Rohwer, F., Edwards, R.A., 2006. An application of statistics to comparative metagenomics. BMC 
Bioinformatics 7:162. 


