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Microorganisms live in all parts of the biosphere and are critical to nutrient recycling in ecosystems. In recent years, the development of methodologies for the analysis of microorganisms and microbial ecology, at the molecular level, has progressed phenomenally. This review introduces and compares the various molecular methods for studying microbial diversity in soil environments, and the advantages and disadvantages of current methods are proposed as well.

Introduction

Microorganisms are ubiquitous in the environment and fulfill a range of important ecological functions, particularly those associated with nutrients cycling processes and maintenance of ecosystem health in soil [START_REF] Nannipieri | Role of stabilised enzymes in microbial ecology and enzyme extraction from soil with potential applications in soil proteomics[END_REF] . Soil contain an estimated 109 prokaryotes and more than 2000 genome types per gram of soil, with an average genome type representing less than 0.05% of the soil community [START_REF] Torsvik | Microbial diversity and function in soil: from genes to ecosystems[END_REF][START_REF] Gans | Computational improvements reveal great bacterial diversity and high metal toxicity in soil[END_REF] .

Until a few decades ago, soil microorganisms could only be studied by microscopic observation or culture-dependent methods. In less than a decade, using nucleic acid probe technique for the detection of microorganisms had exploded. Nowadays, molecular ecology techniques based on sequence comparisons of nucleic acids can be used to provide molecular characterization while providing a classification scheme that predicts natural evolutionary relationships [START_REF] Handelsman | Conversations with the silent majority[END_REF][START_REF] Schutte | Advances in the use of terminal restriction fragment length polymorphism (T-RFLP) analysis of 16S rRNA genes to characterize microbial communities[END_REF] .

These laboratory-based works have been spectacularly successful in revealing details of soil microbial diversity. So we attempt to draw together some of these studies, with emphasis on the advantages and disadvantages of current molecular methods, for studying microbial diversity in soil environments.

Stable Isotope Probing

Stable isotope probing (SIP) has been coupled with nucleic acid methods to provide a culture-independent method of linking the identity of bacteria with their function in the environment [START_REF] Mcdonald | Stable isotope probing of nucleic acids in methanotrophs and methylotrophs: a review[END_REF][START_REF] Dumont | Stable isotope probing-linking microbial identity to function[END_REF] . Soil is either incubated after adding a 13 C-labeled substrate or a plant is labeled with [START_REF] Dunfield | Seasonal changes in the rhizosphere microbial communities associated with field-grown genetically modified canola (Brassicanapus)[END_REF] C-CO 2 . Soil DNA or RNA is then extracted and centrifuged in a density gradient to separate [START_REF] Dunfield | Seasonal changes in the rhizosphere microbial communities associated with field-grown genetically modified canola (Brassicanapus)[END_REF] C-labeled nucleic acids from those containing. Then separated, labeled DNA can be amplified using PCR. Analysis of the PCR products, through cloning and sequencing for example, allows the microbes that have assimilated the labeled substrate to be identified [START_REF] Griffiths | CO 2 )-13 C pulse labelling of plants in tandem with stable isotope probing: methodological considerations for examining microbial function in the rhizosphere[END_REF][START_REF] Leake | Carbon fluxes from plants through soil organisms determined by field (CO 2 )-13 C pulse-labelling in an upland grassland[END_REF] . SIP-based approaches hold great potential for linking microbial identity with function, but at present a high degree of labeling is necessary to be able to separate labeled from unlabeled marker molecules.

Terminal-Restriction Fragment Length Polymorphism

Terminal-restriction fragment length polymorphism (T-RFLP) has multiple advantages for its rapid gain in popularity: data are quantitative and comparable between laboratories, the final electrophoresis step can be performed with automated sequencing equipment at core sequencing facilities [START_REF] Bent | The tragedy of the uncommon: understanding limitations in the analysis of microbial diversity[END_REF] . This method provides a picture of the community including incorporates diversity and phylogenetic details. The profiles can be generated by using the procedure from physical-capture [START_REF] Blackwood | Evaluating the physical-capture method of terminal restriction fragment length polymorphism[END_REF] , fluorescence scanner [START_REF] Ikeda | Microbial community analyses using a simple, rapid detection method for DNA fingerprints with a fluorescence scanner[END_REF] or 32 P-labelled primers [START_REF] Dunfield | Seasonal changes in the rhizosphere microbial communities associated with field-grown genetically modified canola (Brassicanapus)[END_REF] . Because of its relative simplicity, T-RFLP has been applied to the analysis of soil microbial diversity, for instance, fungal ribosomal genes [START_REF] Genney | Fine-scale distribution of pine ectomycorrhizas and their extramatrical mycelium[END_REF][START_REF] Kennedy | Soil bacterial and fungal community structure across a range of unimproved and semi-improved upland grasslands[END_REF] , bacterial 16S rRNA genes [START_REF] Hullar | Recurring seasonal dynamics of microbial communities in stream habits[END_REF][START_REF] Thies | Soil microbial community analysis using terminal restriction fragment length polymorphisms[END_REF] , and archaeal 16S rRNA genes [START_REF] Leybo | Effect of hydrogen concentration on the community structure of hydrogenotrophic methanogens studied by T-RFLP analysis of 16S rRNA gene amplicons[END_REF] . In addition, T-RFLP has been used for the analysis of functional genes such as those encoding for nitrogen fixation and methane oxidation [START_REF] Mohanty | Differential effects of nitrogenous fertilizers onmethane-consuming microbes in rice field and forest soils[END_REF][START_REF] Zak | A molecular dawn for biogeochemistry[END_REF] .

Fluorescence in Situ Hybridization

Fluorescence in situ hybridization (FISH) is a relatively new technique utilizing fluorescently labeled DNA probe to detect genes of microorganisms in soil samples. Apart from allowing direct visualization of bacteria in the environment, FISH also has the added advantage of being able to detect active cells by targeting rRNA. This method has been reliably used for identification and quantification of ammoniaoxidizing bacteria [START_REF] Briones | Influence of different cultivars on populations of ammonia-oxidizing bacteria in the root environment of rice[END_REF][START_REF] Meyer | Challenges for simultaneous nitrification, denitrification, and phosphorus removal in microbial aggregates: mass transfer limitation and nitrousoxide production[END_REF] . Several studies have used FISH coupled with microautoradiography (FISH-MAR), this combined approach allows in situ identification and provides information on substrate utilization in complex microbial communities [START_REF] Ouverney | Combined microautoradiography-16S rRNA probe technique for determination of radioisotope uptake by specific microbial cell types in situ[END_REF][START_REF] Zwirglmaier | Fluorescence in situ hybridisation (FISH)-the next generation[END_REF] .

Microarray

Microarray for microbial community analysis has been classified into three main categories depending on the combination of probe types and target molecules exploited: community genome arrays, rRNA-based oligonucleotide microarrays and functional gene arrays [START_REF] Zhou | Challenges in applying microarrays to environmental studies[END_REF][START_REF] Zhou | Microarrays for bacterial detection and microbial community analysis[END_REF] . Tiquia constructed a 50-mer oligonucleotide microarray using 763 genes involved in nitrogen cycling [START_REF] Tiquia | Evaluation of 50-mer oligonucleotide arrays for detecting microbial populations in environmental samples[END_REF] . The increased use of cultivationindependent metagenomic approaches employing large-insert cloning could lead to an important extension of the CGA approach for large genomic fragments from uncultivated microorganisms [START_REF] Handelsman | Metagenomics: application of genomics to uncultured microorganisms[END_REF][START_REF] Riesenfeld | Metagenomics: genomic analysis of microbial communities[END_REF] . In the meantime, adapting enzymatic signal amplification approaches for microarray analysis [START_REF] Small | Direct detection of 16S rRNA in soil extracts by using oligonucleotide microarrays[END_REF][START_REF] Denef | Validation of a more sensitive method for using spotted oligonucleotide DNA microarrays for functional genomics studies on bacterial communities[END_REF] , the use of high sensitivity microarray hybridization detection devices hold much promise for enhancing the sensitivity of direct detection of extracted rRNA [START_REF] Mckendry | Multiple label-free biodetection and quantitative DNA-binding assays on a nanomechanical cantilever array[END_REF][START_REF] Epstein | High-density, microsphere-based fiber optic DNA microarrays[END_REF][START_REF] Thompson | Label-free detection of nucleic acid and protein microarrays by scanning Kelvin nanoprobe[END_REF] .

Random Amplified Polymorphic DNA

Random amplified polymorphic DNA (RAPD) use DNA products by PCR which are based on random priming of the target DNA, these primers are usually 10 bases in length and are designed to a number of random target sites [START_REF] Podila | Functional genomic approaches for studies of mycorrhizal symbiosis[END_REF] . Huai studied the genetic variation and spatial distribution of the ectomycorrhizal fungus, the 33 sporophores studied belonged to distinct genotypes [START_REF] Huai | Genetic diversity of an ectomycorrhizal fungus Tricholoma terreum in a Larix principis-rupprechtii stand assessed using random amplified polymorphic DNA[END_REF] . The advantage of this approach is that it requires very little sample material and obtains results rapidly. However, this method is less susceptible to base changes in the target DNA. Thus usually the PCR is performed at low stringency for the first few cycles. This technique allows the generation of product when mismatches between template and primers occur. Hence, similar patterns generated using this technique better reflect phylogeny of the phages. One disadvantage of this technology is the results may be difficult to repeat by other users [START_REF] Micheli | Reproducible DNA fingerprinting with the random amplified polymorphic DNA (RAPD) method[END_REF][START_REF] Henry | Quantification of denitrifying bacteria in soils by nirK gene targeted real-time PCR[END_REF] .

DNA Fingerprinting

DNA fingerprinting is used to distinguish differences in the genetic makeup of microbial populations from different samples. The advantage of this technique is that it enable high sample throughput and can be used to target sequences that are phylogenetically or functionally significant. Nowadays, the most common used techniques are denaturing gradient gel electrophoresis (DGGE) or temperature gradient gel electrophoresis (TGGE). They have been used to profile fungal microbial communities from many diverse environments [START_REF] Möhlenhof | Molecular approach to the characterisation of fungal communities: methods for DNA extraction, PCR amplification and DGGE analysis of painted art objects[END_REF][START_REF] Nikolcheva | Determining diversity of fungi on decaying leaves: comparison of traditional and molecular approaches[END_REF] . DGGE fingerprints of total DNA from rhizosphere revealed that there was a relationship between fungal community composition and rhizosphere development [START_REF] Gomes | Dynamics of fungal communities in bulk and maize rhizosphere soil in the tropics[END_REF] . Fungal community diversity was studied by PCR-DGGE followed by sequence analyses of ITS fragments in soil samples [START_REF] Anderson | Potential bias of fungal 18S rDNA and internal transcribed spacer polymerase chain reaction primers for estimating fungal biodiversity in soil[END_REF] . Although DGGE is a promising technique, it can still underestimate fungal diversity. The number of bands depends on the resolution of the gels, this takes time to optimize and is difficult to reproduce [START_REF] Fromin | Statistical analysis of denaturing gel electrophoresis (DGGE) fingerprinting patterns[END_REF] . This has already been demonstrated in previous studies that phylogenetically distant taxa can have comigrating bands and that one band does not mean one unique phylotype [START_REF] Sekiguchi | A single band does not always represent single bacterial strains in denaturing gradient gel electrophoresis[END_REF][START_REF] Kisand | Limited resolution of 16S rDNA DGGE caused by melting properties and closely related DNA sequences[END_REF] .

A new DNA-based fingerprinting approach, two-dimensional polyacrylamide gel electrophoresis (2D-PAGE), can be used to separate PCR amplicon of the ITS regions [START_REF] Jones | Soil microbial community analysis using two-dimensional polyacrylamide gel electrophoresis of the bacterial ribosomal internal transcribed spacer regions[END_REF] . But this technique does not lend itself to high sample throughput. However, its improved ability to discriminate between soil communities and retrieve sequence information make it a powerful technique for elucidating key differences in community structure.

Conclusions and Future Directions

Soil has been dubbed "The Final Frontier". Current knowledge pertaining to the diversity and distribution of soil ecosystem is still rudimentary. In recent years, obviously improvement in traditional approaches combined with various molecular techniques, such as molecular and phylogenetic inventorying via clone libraries [START_REF] Loy | Microarray and functional gene analyses of sulfate-reducing prokaryotes in low sulfate, acidic fens reveal co-occurrence of recognized genera and novel lineages[END_REF] , quantitative real-time PCR [START_REF] Kolb | Quantitative detection of methanotrophs in soil by novel pmoA-targeted real-time PCR assays[END_REF] , pyrosequencing [START_REF] Huber | Microbial population structures in the deep marine biosphere[END_REF] , quantitative membrane hybridization [START_REF] Hristova | Desulfotomaculum genus-and subgenus-specific 16S rRNA hybridization probes for environmental studies[END_REF] has provided new data on these aspects. Nonetheless, we feel that these sophisticated methods are highly relevant to the existing knowledge of the role of microorganism in ecosystem processes, but the application of the techniques to this end is far from complete.

From recent molecular ecological studies, we have seen that most carbon-and nitrogen-cycling gene sequences are divergent from those of the model organisms on which most of our existing appreciation of biogeochemical cycles are based. However, our understanding of ecologically relevant microorganism involved in these cycles is limited. Hence we are aware that further understanding of how they fit into the complexities of ecosystems will require both bottom-up and top-down approaches.
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