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The microbiome is increasingly recognized as having a fun-
damental role in human physiology, in the context of both 
health and disease (Rothschild 2018). Indeed, the composi-
tion of the microbiota has been found to be a key factor 
associated with a variety of human genetic diseases. For 
example, in several neurological disorders, such as Alzhei-
mer’s disease, Parkinson’s disease and stroke, the microbi-
ome has emerged as an important player in disease causation 
and modulation (Sampson 2020; Sgritta 2019). Similarly, 
in cancer, the microbiome is now recognized as playing key 
roles in inflammation, the immune response and the genera-
tion of toxic metabolites, thereby contributing to the process 
of carcinogenesis  (Coker 2018; Dejea 2018; Tanoue 2019). 
The rapid evolution of sequencing technology and increases 
in study sample sizes have brought in their wake new devel-
opments such as microbiome-wide association studies 
designed to characterize the microbiota and their impact on 
different human diseases (Gilbert 2016; Wang 2018).

Various attempts have been made to characterize the 
influence of the human microbiome in different tissues and 
at different stages in disease pathogenesis by integrating 
microbiome data, specifically metagenomic data, with multi-
omics data (Liu 2020; Integrative 2019). Metagenomic data 
have frequently been integrated with metatranscriptomic, 
metaproteomic and metabolomic data to quantify microbi-
ome abundance in terms of gene expression, and protein 
and metabolite levels (Narayanasamy 2016; Nies 2021; 
Martinez Arbas 2021). The integration of multi-omics data 
has provided novel insights into microbiome functions by 
increasing the complexity of the data available, which has 
in turn stimulated the development of novel bioinformat-
ics and statistical approaches. A recurring theme in current 

microbiome studies is the application of efficient analytical 
approaches to discovering novel relationships between the 
microbiome and human genetic diseases. These studies serve 
to improve our understanding of the mechanisms by which 
the microbiome influences human genetic disease at multiple 
levels. Furthermore, they have enabled a shift from investi-
gating disease causation to using these data in diagnosis and 
in the design of novel therapeutics. In this issue, we present 
four articles fitting the theme “The human microbiome and 
genetic disease”, which together exemplify the exploration 
of human genetic disease through gut microbiome studies, 
and highlight new approaches as well as novel findings in 
relation to disease mechanisms.

The gut microbiome influences host health by operat-
ing as a regulator of host pathways for diseases, and conse-
quently affecting immune systems and energy metabolism. 
In their review, Nichols and Davenport (2020) describe stud-
ies of the relationship between the microbiome and the host 
transcriptome that have been performed using model organ-
isms, by collecting biopsies, or generating organoids. To 
better understand the relationship between the microbiome 
and the host, single-cell sequencing and organoid systems 
are proposed as future technologies to link a host with the 
microbes living within it (Nichols and Davenport 2020). 
Evidence has also accumulated to indicate the roles of the 
microbiome in tumorigenesis  (Sanchez-Alcoholado 2020; 
Bhatt et al. 2017; Helmink et al. 2019). The second article, 
by Mima et al., explores the integration of microbiology into 
the molecular pathological epidemiology model and pro-
vides a research framework for uncovering the roles of the 
microbiome in influencing the biology of both tumor cells 
and immune cells (Mima 2020). The gut microbiome has 
been found to play important roles in inflammatory bowel 
disease (IBD), and as Collij et al. show, has the potential to 
become both a diagnostic tool and a therapeutic option in 
IBD if setting a gold standard to establish sample collecting 
for biobanking (Collij et al. 2020). Finally, there is also a 
role for gut microbiota in influencing the outcome of solid 
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organ transplantation. In this context, Qin et al. show that the 
alteration of the microbiome may contribute to the develop-
ment of graft fibrosis after pediatric liver transplantation 
(Qin et al. 2020).

Our treatment of this special topic highlights some 
key advances made in interpreting human genetic dis-
ease through gut microbiome studies, emphasizing new 
approaches as well as novel findings in relation to disease 
mechanisms.
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