Functional Microbiomics
Rapid advances in high throughput next generation sequencing (NGS) technology has allowed the microbial world in the human body to be examined in exquisite detail. As a consequence, links between the human microbiome and human health and diseases have been uncovered [1]. Although the estimated ratio of bacterial to human cells was recently amended from 10:1 to 1.3:1 [2], 500 - 1,000 bacteria species containing thousands of genes per species reside in the human body, and continue to influence our health and disease risk [3]. Such a high genetic diversity of human microbiota results in a wide range of metabolic activities. High-throughput sequencing studies have been very effective at showing that our microbiome is highly personalised – different people having different collections of microbiota [1]. However, we do not fully understand their metabolic activities, synergistic nature and metabolic cross-talk with the host. Furthermore, we are not yet able to evaluate our wellbeing and predict the disease risk or responses to therapeutic treatments based on the microbial variations at both compositional and metabolic levels. Therefore, to achieve successful microbiome-based intervention/prevention, we must fully elucidate the metabolic function of our microbiota. The aim of this special issue is to outline some robust tools that can improve our ability to understand host-microbial interactions and metabolic function of the microbes. 
Metabolic profiling (also called metabonomics or metabolomics) is a powerful approach to simultaneously measure a large number of small molecules present in a biological system and monitor dynamic metabolic responses of the biological system to various pathophysiological stimuli. This approach has been widely used in many research areas, including toxicology [4], parasitology [5], nutrition [6], epidemiology [7], exposome [8], etc. In the current issue, Lamichhane et al. [9] highlight the application of metabolic profiling in characterising the faecal metabolome. The authors also provide a comprehensive review on the statistical correlation and modelling methods used in understanding the metabolic function of the microbiota [9]. Mass spectrometry (MS) is a routinely used analytical platform in metabolic profiling with a high sensitivity. Cameron and Takáts [10] discuss the pros and cons of a range of MS-based techniques used in metabolic profiling, and highlight newly developed techniques, including ambient ionisation mass spectrometry and imaging mass spectrometry. These new MS-based techniques show promising potential to reveal the metabolite composition of the microbial communities. 
Factors that contribute to shaping the gut microbiome include human genetics and immune status, diet and dietary supplement, drugs (e.g. antibiotics), lifestyle and diseases. The axis of diet-gut microbiota-host has attracted extensive attention, particularly since understanding this complex link could generate low-risk therapeutic and preventive strategies for diseases such as colon cancer. In this issue, Egert et al. [11] outline a useful tool - RNA-based stable isotope probing (RNA-SIP) technique - to trace the metabolic fate of the nutrients in a complex microbial community. This technique has been mainly used in environmental studies and the authors demonstrate its application in identifying human bacteria involved in digestion of prebiotics, thus highlighting the value of RNA-SIP technique in studying bacterial metabolism in a complex microbial community [11]. Furthermore, to monitor the dynamic responses of an individual’s microbiota to therapeutic interventions (e.g. antibiotics) in vitro, a stable system that can mimic physiological conditions of the gastrointestinal tract or other sites of body is required. Bioreactors serve as a robust in vitro model for studying complex microbial communities, due to the ability to programme and control the levels of oxygen, pH, temperature, nutrient feeding and waste removal [12].
[bookmark: _GoBack]In order to explore the function of the microbiota, specific pathways are often studied via a combination of molecular biology techniques, analytical platforms and in silico approaches. Jameson et al. [13] discuss the advantages and disadvantages of homology-based phylogenetic analysis for the identification of choline and carnitine-degrading bacteria in the gut. The authors also highlight that the identified homologues might not encode a functional enzyme and thus, phenotypical validation of the bacterial ability to metabolise choline and carnitine is required [13]. Bile acids are a cluster of molecules involved in lipid modulation and energy homeostasis, and the microbial metabolism of these bile acids results in their unconjugation, and the production of secondary bile acids associated with colon cancer risk. To evaluate the gut bacterial metabolism of bile acids, Mullish et al. [14] demonstrate the use of a range of tools from 16s rRNA gene sequencing, real-time PCR , and metabolic profiling of bile acids. A similar strategy is also used by Hale et al. [15] for investigating the role of hydrogen sulphide in colon cancer. The authors highlight the use of microbial metabolic models such as MICOM to explore the community interactions between microbial genome-scale metabolic models [15]. Echoing the conclusion remarks from Hale et al. [15], results derived from the modelling tools may not represent the real biological processes. Therefore, advances in data mining tools and algorithms are required to improve the model interpretability and provide better guidance for hypothesis generation and subsequent biological validation. Imangaliyev et al. [16] introduce domain intelligible models, and provide an example of its application in predicting the responses of patients with metabolic syndromes to faecal microbiota transplantation (FMT), with the aim of identifying factors related to improved peripheral insulin sensitivity. 
Despite gastrointestinal microbiota being the focus of much microbiome research, studies in other sites of the body, such as lung, oral, skin and vagina, are rapidly emerging. Vaginal microbiota appears to be an important contributor to woman’s health and disease. Pruski et al. [17] comprehensively review the functional assessment of vaginal microbiota, and its association with host immune responses. The authors also discuss the key metabolic activity of the vaginal microbiota and the application of ambient ionisation techniques, detailed by Cameron and Takáts [10].  
In summary, this issue highlights the importance of the human microbiota’s metabolic function, and outlines the cutting-edge methodologies used to gain a deeper understanding on this complex community and its close relationship with the host immune system and phenotype. Through the exemplar applications of various methodologies, articles in this issue address the value of using a combined approach, ranging from genotyping to phenotyping, with the aim of probing and dissecting the complex interactions among the microbes, and between the host and microbiota. This research is crucial for developing therapeutic and preventive strategies to shape the microbial community and modify their metabolic function in health and disease.
Finally, I would like to thank all the authors in this issue for their high-quality articles, as well as all the anonymous reviewers for their time and comments in reviewing these manuscripts. 
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