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The human-associated microbiota is diverse, varies between individuals and body sites, and is important in human 
health. Microbes in human body play an essential role in immunity, health, and disease. The human microbiome 
has been studies using the advances of next-generation sequencing and its metagenomic applications. This has 
allowed investigation of the microbial composition in the human body, and identification of the functional genes ex-
pressed by this microbial community. The gut microbes have been found to be the most diverse and constitute the 
densest cell number in the human microbiota; thus, it has been studied more than other sites. Early results have 
indicated that the imbalances in gut microbiota are related to numerous disorders, such as inflammatory bowel dis-
ease, colorectal cancer, diabetes, and atopy. Clinical therapy involving modulating of the microbiota, such as fecal 
transplantation, has been applied, and its effects investigated in some diseases. Human microbiome studies form 
part of human genome projects, and understanding gleaned from studies increase the possibility of various applica-
tions including personalized medicine. (Pediatr Gastroenterol Hepatol Nutr 2013; 16: 71∼79)
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INTRODUCTION

　Microbes in the human body consists of archaea, 
bacteria, virus and eukaryotes; the number of bac-
teria in each host is estimated to reach trillions of 
cells [1], and their gene contents are more numerous 
than 100 times than the human genome [2]. These 
microbes play important roles in human health, in-
cluding metabolism, homeostasis of the immune 
system, and in colonization resistance. However, 

most microbes cannot be cultured in the laboratory; 
the various conventional culture techniques are able 
to culture only limited species of the bacteria in na-
ture including human body [3,4]. Metagenomics, 
defined as the study of the total genomes extracted 
from a complex mixture of microbes in a given envi-
ronment [5], has been applied to various ecological 
approaches, including studies of the human micro-
biome, as it can be used to investigate various mi-
crobes simultaneously, without cultivation. This ap-
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Table 1. Techniques in Microbiome Study

Technique Characteristic Limit

Target gene sequencing

Metagenomics

Metatranscriptomics

Metaproteomics

Metabolomics
　

Using 16S ribosomal RNA gene
Observe bacterial composition
Detect disease specific bacteria
Using fragmented metagenome

Observe microbial composition without amplification
Detect gene contents of complex microbiota
Compare functional gene contents between samples
Using enriched mRNA or synthesized cDNA from
 total RNA
Observe alive microbial composition in samples
Detect gene expression profiles
Compare functional gene expressions between samples
Using crude proteins or peptides
Observe microbial composition producing proteins

Detect protein profiles
Compare protein productionsbetween samples
Using liquid including complex metabolites
Observe metabolic profiles

Compare metabolites between samples

Obtain only taxonomic information
Amplification based approach
Chimera production and PCR bias
Limited information of active bacteria and
 expressed gene contents
Bioinformatic bottleneck

Difficult to handle RNA sample

Hard to extract RNA from environmental sample
Multiple purification steps needed

Insufficient information of proteins in database
Difficult to extract total protein from
 environmental sample

Insufficient information of metabolites in database
Mixed information of host and microbial
 metabolites
No unique protocol

RNA: ribonucleic acid, PCR: polymerase chain reaction.

proach has accelerated human microbiome studies 
and their clinical applications. Studies about diverse 
microbes in the human body, site-specific micro-
biota, relations between bacterial composition and 
disease have rapidly increased our understanding of 
the importance of the human microbiome and its 
roles in health [1,6-8]. This explosion of human mi-
crobiome data holds the promise of managing per-
sonal health based on individual genome and micro-
biome information. In this article, we review current 
strategies for studying the human microbiome and 
the possible future applications of microbiome data. 

DEVELOPMENT OF TECHNIQUES

　The introduction of next generation sequencing 
(NGS) changed the history of genomic research as it 
increased sequencing throughput, and did not re-
quire prior cloning steps. This revolutionary advance 
in sequencing technology led the way to study mi-
crobes with the new generation metagenomic 
research. Direct sequencing of microbial DNA ex-

tracted from a given environment by NGS elimi-
nated the bottleneck of missed, unculturable mi-
crobes by supplying vast amounts of sequence data. 
However, genomic fragments from different origins 
within the metagenome could cause another 
obstruction. Bioinformatics should overcome this, 
thereby endowing these short reads with appro-
priate scientific value [9]. Metagenomics has gen-
erated new terms for use in microbial study such as 
‘microbiota’ and ‘microbiome’. Microbiota is defined 
as the collective microbial community inhabiting a 
specific environment, while the microbiome is the 
collective genomic contents of the microbiota [10]. 
The interaction between microbes or between mi-
crobes and host can also be analyzed by microbiome 
study. Various environmental microbiome studies 
including human microbiome have been performed 
using metagenomic analyses based on NGS. Other 
techniques in protein and metabolite analyses also 
improved, and they have been applied in microbiome 
studies. The comparison of these techniques is pres-
ent in Table 1. 
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Table 2. Summary of Human Microbiome Consortiums

Microbiome consortium Summary

Human Microbiome Project (HMP)
 (http://commonfund.nih.gov/hmp/)

Metagenomics of the human
 intestinal tract (Meta-HIT)
 (http://www.metahit.eu/)

International Human
 Microbiome Consortium (IHMC)
(http://www.human-microbiome.org/)
　

US National Institutes of Health (NIH) funded
To characterize the microbial communities at several different sites on the human body
Microbiome analysis using metagenome
Whole genome sequencing of reference strains
15-18 human body sites
The project numbers of gastrointestinal tract, oral, urogenital tract, skin are higher than other sites
European commission funded
To establish associations between the genes of the human intestinal microbiota and our
 health and disease
Focus on inflammatory bowel disease (IBD) and obesity
Microbial gene analysis using metagenome
Projects usually focus on intestinal microbiota
Gut bacterial gene catalog
To work under a common set of principal and policies to study the role of the human
 microbiome in the maintenance of health and causation of disease
To use these information to improve the ability to prevent and treat disease
Focus on generating a shared comprehensive data resource

　Most of published human microbiome studies 
have focused on sequencing of the small subunit 16S 
ribosomal ribonucleic acid (RNA), target gene se-
quencing, as a phylogenetic marker for determining 
the composition of bacteria or archaea in samples, 
because of the efficiency with which 16S ribosomal 
RNA gene sequencing allows identification of bac-
teria within a community. Although amplification 
provides advances in the efficiency of experiments 
and reduction in cost, it can generate chimeric prod-
ucts and obscure the real level of diversity and micro-
bial composition of a given sample [11]. Metageno-
mic shotgun sequencing could avoid these problems 
without amplification step and the inherent pri-
mer-related pitfalls. This technique can provide mi-
crobial community without amplification, and de-
tect various functional genes in sample. However, 
functional gene analysis of complex microbial com-
munity requires millions of sequences in each sam-
ple, and this makes bioinformatic bottlenecks. 
Although metagenomic shotgun sequencing poses 
many bioinformatic challenges in the identification 
and improvement of the accuracy of information de-
rived from the relatively short gene fragments gen-
erated by NGS, most scientists are now using this 
technique to study the microbiome in various 
environments. Other limitation of metagenomic 

fragment sequencing is based on DNA; it cannot pro-
vide evidence of the expression of each functional 
gene in a sample. To address the activity of genes in 
an environmental microbial community, metatran-
scriptomic sequencing has been used in microbiome 
studies (Table 1). Metatranscriptomics has already 
been applied to the analysis of 10 healthy fecal mi-
crobiomes; this study indicated that functions of car-
bohydrate metabolism, energy production, and syn-
thesis of cellular components are the most expressed 
functions by microbes [12]. Although metatran-
scriptomic analysis is able to characterize the activity 
of functional genes in a sample, the improvement of 
efficient protocols for the extraction of RNA and the 
construction of sequencing library are requisite, giv-
en the instability of mRNA and the difficulties in-
volved in RNA extraction from samples. Moreover, 
analyses of proteins and metabolites are important 
for the understanding of microbial functions. 
Identifications of crude proteins and liquids includ-
ing metabolites from samples have been applied to 
study microbial function in the human body [13,14]. 
Combining results from these different approaches 
can help to elucidate the ecological roles of microbes 
in our body. 
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HUMAN MICROBIOME CONSORTIUMS

　Improvements in NGS and the accompanying bio-
informatic development have attracted the interests of 
basic and industrial researchers investigating the hu-
man microbiome. The US National Institutes of Health 
funded the Human Microbiome Project (HMP) con-
sortium to the tune of $171 million, and the European 
Commission provided €22 million in funds to the met-
agenomics of the human intestinal tract (Meta-HIT), 
aimed at understanding the role of the microbiome in 
human health (Table 2). The purpose of the HMP was 
to characterize microbial communities in human body 
and their relationship to human health and disease. 
The HMP provided baseline microbiome data obtained 
from ‘healthy’ adults for comparison them with that of 
patients. They investigated the microbial communities 
in 15-18 body sites of 242 adults (129 males and 113 fe-
males), aged 18-40 years old. Bacteria were isolated 
from the human body, and their genomes sequenced 
to establish reference genome sequences (800 ge-
nomes are available from public database). The con-
sortium published the results of their past 5 years’ 
studies involving 16S rRNA sequencing, whole ge-
nome sequencing of isolates, and metagenomic se-
quencing of total DNA in 2012 [15,16] and released 
‘phase I’ datasets on Data Analysis and Coordination 
Center (http://hmpdacc.org/).
　In contrast to HMP, the European consortium of 
the Meta-HIT focused on the human intestinal tract, 
since the human intestinal tract contain the majority 
of human microbiota and plays critical roles in hu-
man health [17-19]. The objectives of the Meta-HIT 
are to understand the relationship between the 
genes of the human intestinal microbiota and hu-
man health and disease. This project focused on in-
flammatory bowel disease (IBD) and obesity, which 
are of increasing importance in Europe. They ex-
tensively investigated microbial genes in the human 
intestine and their relationships with disease, in or-
der to understand the mechanisms of disease 
development. They used metagenomic analyses in 
all their studies, and published the catalogue of mi-
crobial genes in the gut, as well as distinct enter-

otypes based on microbial composition, and the 
functions of microbial genes [20-24]. 
　Data generated by these consortiums provide an 
improved understanding of the relationships be-
tween the microbiome and host physiology. The 
International Human Microbiome Consortium was 
establish to work under a common principal and pol-
icies to study the role of the human microbiome in 
human health and disease. This consortium focused 
on generating a shared data resource for use by in-
vestigators into the human microbiome. These con-
sortiums have spearheaded extensive developments 
in the bioinformatic tools necessary for study of the 
microbiome using large amounts of genomic data. 

THE HUMAN MICROBIOME

　The human microbiome is defined as the genomes 
of the microbiota in the human body. Increasing un-
derstanding of the coevolution microbes with their 
human hosts has highlighted the importance of the 
human microbiome in health. The microbiome plays 
essential roles in the maintenance and development 
of the immune system, metabolism, and homeosta-
sis. The phyla Actinobacteria, Firmicutes, Proteobac-
teria, Bacteroidetes, Cyanobacteria, and Fusobacter-
ia are predominant among bacteria in the human 
body. The relative abundance of these phyla varies 
between different sites in the body, and also varies 
among individuals depending on age, diet, and geo-
graphical distribution [25,26]. 
　Among body sites, the highest numbers of taxo-
nomic units and genetic contents have been ob-
served in stool samples [15]. Stool represents the in-
testinal tract, and most microbes residing here are 
anaerobes (about 4,000 bacterial species), with an 
estimated cell number of about 1012 cells per gram of 
contents [27]. Bacteria inhabiting the intestinal tract 
participate in maintenance of homeostasis in the hu-
man body; an imbalance in their composition could 
generate disease states. In newborns, the delivery 
mode influences the composition of the intestinal 
microbiota, and initiates the colonization of micro-
biota in the intestine after this exposure [28]. Diet is 
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another significant impact factor in the development 
of infant microbiota during the first year [29]. The 
genus of Bifidobacteria is predominant in breast-fed 
infants, and its abundance decreases along with in-
creasing diversity of other genera in formula-fed in-
fants; an adult-like microbiota is developed with the 
introduction of solid foods. The dominance of 
Bifidobacteria is associated with utilization of human 
milk oligosaccharides and the developing microbiota 
is related to diet type [29,30]. Differences in the de-
velopment of the initial microbiota could influence 
development of subsequent microbiota and of the 
immune system. For instance, there are some reports 
indicating that early antibiotic exposure, which in-
fluences the composition of the microbiota, in-
creases the risk of development of allergic asthma 
and IBD, and interaction with the immune system 
has also been reported [31-33]. Two phyla, bacter-
oidetes and firmicutes, are predominant in the nor-
mal intestinal microbiota, and they are able to digest 
complex dietary polysaccharides [25]. The human 
gut microbiota has been classified into 3 enterotypes, 
depending on the dominant presence of Bacteroides, 
Prevotella, or Ruminococcus genera [21]. However, the 
composition of the intestinal microbiota varies be-
tween healthy individuals (there are no core spe-
cies), and microbiota in a Korean cohort was found 
to be significantly different from that in a US cohort 
[16,34]. These inter-individual variations could be 
associated with the susceptibility to development of 
a specific disease. 
　Traditionally, it has been understood that disease is 
generated after infection with bacteria; however, this 
concept is changing to an understanding that im-
balances in the indigenous microbial composition 
causes disease to present, and many studies have re-
ported the relationship between gut microbiota, host 
metabolism, and disease [2,3,10,35,36]. The role of 
dysbiosis, an imbalance in the microbial composition 
and a shift in their function from normal to disease 
[37], has been investigated in several diseases, in-
cluding IBD, obesity, metabolic syndrome, type 1 and 
type 2 diabetes, and allergy. Given the inter-in-
dividual variation in intestinal microbiota, no single 

species act as a biomarker of dysbiosis [38]. 
Nonetheless, monitoring of dysbiosis (alterations in 
the microbial community) can be used diagnostically, 
and to assess the effects of treatment. Some bio-
informatic tools have already been developed and 
used to identify microbes, genes, proteins, and tran-
scripts associated with disease [39]. A reduction in 
bacterial diversity and decrease in the population of 
the anaerobic firmicutes has been reported to be asso-
ciated with disease [40-42]. Similarly, a reduction in 
anaerobes with increase in facultative anaerobes, 
mostly proteobacteria, including Salmonella, Shigella, 
Klebsiella, Proteus, and Escherichia coli have been re-
ported in disease states [43-45]. Changes in the mi-
crobial composition influenced the amount of metab-
olites produced by microbes in the gut. A shift in short 
chain fatty acid (SCFA) production has been asso-
ciated with diarrhea, by reducing sodium and water 
absorption [46], and is related to a delay in the re-es-
tablishment of the indigenous microbiota composi-
tion. Butyrate-producing bacteria, such as Faecalibac-

terium prausnitzii, have been reported to be related to 
inflammation in IBD [47]. Furthermore, bacteria 
within Enterobacteriaceae are able to survive in the in-
flamed gut than are members of firmicutes and bac-
teroidetes [43,44,48]. 
　Moreover, the development of various im-
mune-related cells is influenced by gut microbiota 
[49]. The gut mucosal immune system is the largest 
lymphoid site in body, and gut bacteria interact with 
lymphoid follicles of the gut mucosa, and regulatory 
and effector T cells. Dysbiosis changes the immune 
regulatory systems that normally manage in-
flammation in the gut, and is associated with im-
mune-mediated disorders [2]. The changes in com-
munity function brought about by dysbiosis have al-
so been investigated and compared using meta-
genomic analyses. Most functional studies on the 
microbiome of IBD and colon disorders have been 
performed by the Meta-HIT consortium. The meta-
genome shared between healthy persons and pa-
tients were lower (25%) than that shared between 
healthy persons (38%). In addition, the gene num-
bers in IBD patients was significantly lower than 
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those in healthy persons [20]. This indicates that mi-
crobiota in IBD patients are unable to produce some 
functional genes that are generated by healthy 
microbiota. This could cause disorders of the human 
intestinal tract, and holds promise for the develop-
ment of diagnostic tools for disorder. 
　Although metagenomic and metatranscriptomic 
approaches provide ways to discover functional 
genes of the predominant microbes in the gut, the 
extraction methods are important due to their sig-
nificant effects on the downstream results [50]. 
Recently, most microbiome studies have been fo-
cused on the variation in functional genes produced 
by microbiota in each person, in order to understand 
their effects on individual health. However, further 
development of bioinformatic tools is necessary for 
accurately interpreting information from vast 
amount of sequence data. 

APPLICATIONS OF HUMAN MICRO-
BIOME

　Extensive microbiome studies and accumulation 
of information is opening the possibility of clinical 
application of this research in modulation of the 
microbiome. Antibiotics, probiotics, and prebiotics 
related to the human microbiome have already been 
used in clinical therapy and for controlling infectious 
disease. Although antibiotics are the most effective 
treatment for bacterial infections, their use poses 
risks of increasing resistance to antibiotics and in-
direct impact on non-target bacteria [51]. In addi-
tion, incomplete recovery of the gut microbiota after 
exposure to antibiotics could influence the homeo-
stasis of the gut [51,52]. This indicates that care 
should be taken in clinical treatment of patients. 
Probiotics are generally a mixture of lactic acid-pro-
ducing bacteria, such as Lactobacilli and Bifidobacteria, 
which are beneficial to health; yeasts, such as 
Saccharomyces, are also used. Probiotics play a role in 
host immune responses by direct interactions be-
tween microbes [53]. Recent analyses demonstrated 
some effects of probiotics in dysbiosis, such as in ne-
crotizing enterocolitis in infants and in anti-

biotic-associated diarrhea [54,55]. Prebiotics are 
non-digestible food ingredients that beneficially af-
fect the host by activating beneficial microbes. For 
instance, the ingestion of oligosaccharides could 
stimulate growth of Bifidobacterium species and pro-
tect against Clostridium difficile infection [56]. The ef-
fects and mechanisms of these treatments have been 
studied by investigating the human microbiome. 
　A direct modulation of microbiota at an ecological 
scale is fecal transplantation (bacteriotherapy). This 
therapy replaces the intestinal microbiota of patients 
with Clostridium difficile infection (CDI) with the mi-
crobiota from a healthy person. Meta-analyses of the 
effects of this therapy have reported around 90% res-
olution rates in CDI patients [57,58]. Several reports 
on fecal transplantation have highlighted the poten-
tial use of CDI treatment in recalcitrant conditions 
that have not responded to long-term use of 
broad-spectrum antibiotics [59,60]. Although fecal 
transplantation is mostly used in CDI, it has been at-
tempted in other conditions, including IBD, irritable 
bowel syndrome, and metabolic disorders [61]. 
However, there are some considering issues for fecal 
transplantation including host immune response 
with introducing new pathogen or microbiota to 
recipient. Other consider issues are the determi-
nation of suitable donors for treat, management of 
the donor feces as preparing, freezing and storing 
samples before treatment. Although more efforts 
will be needed to improve the fecal transplantation, 
it is clear the therapy is successful to CDI patient. 

CONCLUSION

　For human health, it is essential to consider the 
role of microbiota in clinical fields. International hu-
man microbiome studies using metagenomics have 
highlighted the functional role of the microbiota in 
the body, and it promises new clinical applications. 
The development of sequencing technology and bio-
informatic algorithm for metagenomes ensures easy 
access to vast amount of data in the near future. 
However, clinical applications of this data will re-
quire studies to clarify, for example, the disease that 
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are caused by dysbiosis of the microbiota, the benefi-
cial effects of microbiome modulation, and the ex-
tent of inter- and intra-individual microbiome 
variations. Increased understanding of the role of 
the human microbiome in disease is expected to re-
sult in novel microbiome-related clinical treatments 
and the development of personalized medicine. 
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