
Challenges

- Identification of key functional groups of methanotropic bacteria by non-targeted
  NextGen sequencing
- Quantification of abundance and expression of functional genes
- Genome-scale flux balance analysis modeling based on metagenomic data and
  available genomes of methane oxidizing bacteria

General Concept

Microorganisms control matter cycling and soil 
functions. Biogeochemical models that explicitely 
consider microbial dynamics can improve the 
understanding and prediction of  soil functions 
such as carbon turnover, nutrient cycling and 
degradation of xenobiotics. Data provided by 
'omic' methods can strongly facilitate the 
mechanistic representation of microbial dynamics 
in soil organic matter models. Such data have 
been, however, rarely used.

Case studies

Background
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How to improve the mechanistic representation 
of microbial dynamics in biochemical models?

How to integrate 'omic' data and models?

Pesticide degradation
- Linking abundances of quantitative genetic proxies to
  biophysicochemical dynamics of soil organic carbon and
  pesticide
- In-depth analysis of microbial regulation of accellerated
  pesticide degradation in the detritusphere
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'OMIC' Data

- Coupled mechanistic representation of microbial dynamics and physicochemical processes
- Reconstruction of metabolic networks and quantification of stoichiometric requirements by
  genome-scale metabolic models based on 'omic' data
- Dynamical system analysis and scenario simulations

Metagenomics
- Identification of key functional groups and traits
- Quantification of specific functional groups using functional marker genes

Transcriptomics/ Proteomics
- Identification of key enzymes and quantification of enzyme production rates

Stable Isotope Probing of Lipids, DNA/ RNA and proteins
- Identification of active microbes
- Quantification of turnover rates of microbial pools and of enzyme production rates
- Identification and quantification of biochemical pathways and transformations 

Modeling

Optimal design

Calibration & validation

Process
understanding

Identification of regulation mechanisms of matter cycling & Upscaling of biophysicochemical processes


