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Abstract

There are more than 1000 microbial species living
in the complex human intestine. The gut microbial
community plays an important role in protecting the
host against pathogenic microbes, modulating immunity,
regulating metabolic processes, and is even regarded
as an endocrine organ. However, traditional culture
methods are very limited for identifying microbes.
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With the application of molecular biologic technology
in the field of the intestinal microbiome, especially
metagenomic sequencing of the next-generation
sequencing technology, progress has been made in the
study of the human intestinal microbiome. Metagenomics
can be used to study intestinal microbiome diversity
and dysbiosis, as well as its relationship to health
and disease. Moreover, functional metagenomics can
identify novel functional genes, microbial pathways,
antibiotic resistance genes, functional dysbiosis of the
intestinal microbiome, and determine interactions and
co-evolution between microbiota and host, though
there are still some limitations. Metatranscriptomics,
metaproteomics and metabolomics represent enormous
complements to the understanding of the human gut
microbiome. This review aims to demonstrate that
metagenomics can be a powerful tool in studying the
human gut microbiome with encouraging prospects.
The limitations of metagenomics to be overcome are
also discussed. Metatranscriptomics, metaproteomics
and metabolomics in relation to the study of the human
gut microbiome are also briefly discussed.

Key words: Human gut microbiome; Metabolomics;
Metagenomics; Metaproteomics; Metatranscriptomics
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Core tip: Metagenomics plays a role in understanding
the human gut microbiome, including the diversity
of the gut microbiome, identifying novel genes, and
determining the etiology of functional dysbiosis. A
combination of metagenomics, metatranscriptomics,
metaproteomics and metabolomics can also promote
an understanding of the functional activity of the
human gut microbiome and possibly provide a new
strategy for disease diagnosis and treatment.
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INTRODUCTION

searches applying different powerful algorithms are then
. The information obtained from
the sequence-based and functional metagenomics enables

used to annotate geIl@SHO]

a more comprehensive understanding of the structure and
function of microbial communities than ever before.

The human gastrointestinal tract harbors an extremely
complex and dynamic microbial community including
Most of the
microorganisms residing in the gastrointestinal tract
are bacteria, with a density of approximately 10"°-10"
cells/g fecal matter, in which 70% of the total microbes
colonize the colon'”. The gut microbial community
plays an important role in protecting the host against

pathogenic microbes™”

archaea, bacteria, viruses and eukaryota!,

, modulating imrnunity[(”ﬂ,

8,9]

regulating metabolic processes”, and is regarded as a

neglected endocrine organ[m]. Recently, the role of the
human gut microbiome has been well reviewed'' .
Classical studies of the gut microbiome have been
largely dependent on cultivation techniques. Howevert,
traditional culture methods only cultivate 10%-30% of gut
microbiota """, With the rapid development of advanced
molecular technologies such as PCR-denatuting gradient
gel electrophoresis, it has been shown that the gut
microbial ecosystem is far more complex than previously
thought!
sequencing technologies have been developed"*"”,
which further facilitate the analysis of a large number of
microorganisms in different environments” * and human
body sites™, including the human gut®*’. 16S rDNA
sequence analysis and metagenomics are two effective
DNA sequencing approaches, and both have been used to
study uncultivated gut microbial communities. The former
focuses on the sequencing of the conserved 16S tDNA
and has established a
seties of novel connections between intestinal microbiota
composition and disease™ . The research based on 16S
rtDNA sequence attempts to reveal “who’s therer” in a
given microbial community, while shotgun metagenomic

17 .
T In recent years, several next-generation

gene present in all microbes”*",

sequencing can be used to answer the complementary
question of “what can they do?”™*,

Metagenomics was first desctibed in 1998 by Handelsman
and Rodon™", and became another DNA sequencing
approach to study the complex gut microbial community. It
aims to catalog all the genes from a community by the random
sequencing of all DNA extracted from the sample™ ™,
Firstly, the total DNA of all microorganisms is extracted
from fecal samples. Before being sequenced, total DNA
samples are randomly sheared by a “shotgun” approach.
The comprehensive sequences are then analyzed to obtain
either species profiles based on phylogenetic markers (16S
tDNA)™ or genomic profiles based on whole genomes'™.
The shotgun sequence reads are filtered to obtain the
high-quality sequences for the whole genomic profile by
metagenomics. Based on sequence ovetlaps, the filtered
sequences are then assembled to form longer genomic
sequence contigs. Computational methods are needed to
code sequences in the contigs. Data mining and database
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METAGENOMICS IN STUDYING THE
HUMAN GUT MICROBIOME

Metagenomics: Revealing the diversity of the human gut
microbiome

The European project, MetaHIT"" | and the American
Human Microbiome Projectps’m have contributed to
the availability of the reference gene catalog. These
projects have facilitated the study of the human
intestinal microbiome using metagenomics. By applying
metagenomics to investigate fecal samples from 124
European individuals, the MetaHIT consortium found
3.3 million non-redundant genes in the human gut
microbiome for the first time. Surprisingly, the gene set

was 150 times larger than the human gene complement.
Moreover, over 99% of the genes in the human gut
microbial communities were bacterial, which indicated
that the enrjre cohort harbored more than 1000 bacterial
spec1es |, However, the number of genes in the human
gut microbiome was expanded more than threefold by
subsequent analyses'™**”. These observations further
completed the catalog of reference genes in the human
gut microbiome.

A core human gut microbiome has also been
exploredw. The average human intestinal microbiome
is now better defined and comprises approximately 160
bacterial species in each individual®”. Moreover, on
average, individual microbiota could have long-term
stability™*. By applying low-error 16S ribosomal RNA
amplicon sequencing and whole-genome sequencing
methods to characterize bacterial strain composition in
the fecal microbiota of 37 patients in the United States,
Jeremiah and colleagues'™ found that on average, their
individual microbiota was rematkably stable and 60% of
strains remained over the course of five years. From the
in-depth profiling of metagenomic datasets derived from
fecal metagenomes of healthy individuals, the human
gut has been postulated to consist of three enterotypes,
typified by the relative dominance of particular groups of
organisms: Prevotella, Ruminococens and Bactericides spp""”.

In addition, studies using different methods including
metagenomics have found a series of factors that can
influence the composition and diversity of the gut
microbiome, such as diet!™*™" age’™ 52],geozgrraphy51 >
drugs”™*, and environmental substances . For exarnple
a study found that due to the difference in long-term
dietary habits, human gut microbiome abundance and
proportions varied between United States individuals.
Furthermore, species composition, but not enterotype,
in these subjects was affected by short-term changes in
diet®”. Tn the MARS-500 study, Mardanov e /™" found
dynamic changes in the gut microbiome in participants
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using metagenomic analysis.

Functional metagenomics: Discovering novel genes and
microbial pathways

In recent years, due to the rapidly developing computational
methods critical for the analysis of metagenomic data
and earlier surveys performed on marine and other
environmental microbiome, more and more studies have
focused on functional metagenomics of the human gut
microbiome® ™). Egcherichia coli (E. coli) is the most
commonly used host for functional metagenomics, and
genes from a large diversity of bacteria can be expressed
within E. ¢/, Furthermore, other species such as
Streptomyces, Bacillus subtilis and Lactococcus lactis can also be
used to promote the heterologous expression of Gram-
positive bacterial DNA™,

Hehemann and colleagues[m] found genes encoding
the enzymes porphyranase and agarase from the gut
microbiome in Japanese individuals, but not in North
Americans. Interestingly, the marine Bacteroidetes are
widely found in seaweed, and many Japanese eat seaweed
regularly[m], thus it is likely that these functions were
acquired from these organisms by lateral gene transfer.

The catabolism of dietary fibers is important for
human health™, Carbohydrate active enzymes (CAZymes),
produced by human intestinal microorganisms, can
degrade components of dietary fiber into metabolizable
monosaccharides and disaccharides. However, before
metagenomics were used to study the human gut
microbiome, the study of CAZymes was restricted to
cultivated bacterial species. Several metagenomics studies
focusing on the gut microbiome determined the diversity
of CAZymes, revealing the human gut microbiome
to be a surprisingly rich source of carbohydrate active
enzymes” >, Tn addition, Tasse ez a/*" detected novel
CAZymes using functional metagenomics on human
gut microbial genes. The function-based screening of
intestinal metagenome libraries also identified a large
genetic repertoire of genes encoding bile-salt hydrolase
enzymes'™. These functions were selectively enriched
in intestinal microorganisms. Furthermore, novel
B-glucuronidase activity, dominant in healthy adults and
children, from Firmicutes was revealed by the functional
screening of large insert metagenomic libraries of E. co/i
clones independent of culturability®”.

Recently Vital and colleaguesm performed an extensive
analysis of butyrate-producing pathways and individual
genes by screening thousands of sequenced bacterial
genomes from the Integrated Microbial Genome database.
They found that the genomes of 225 bacteria had the
potential to produce butyrate, including many previously
unknown candidates. Most candidates belonged to
distinct families within Firmicutes'”. These authors also
used the established gene catalog to screen for butyrate
synthesis pathways in 15 metagenomes obtained from the
fecal samples of healthy individuals. The results revealed
that a high percentage of total genomes exhibited a
butyrate-producing pathway, and the most prevalent was
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the acetyl-coenzyme A pathway, followed by the lysine
pathwaym.

Functional metagenomics: Investigating antibiotic-
resistance genes

Many bacterial infections are becoming more and more
difficult to treat, partly due to the increasing antibiotic
resistance of human pathogensm’w]. Recent studies have
revealed that some human commensal microbiota harbor
numerous antibiotic-resistance genes (ARGs), which
have led to the human gut-associated resistome!""?.
Thus, it is important to understand the contribution of
the whole microbiota of particular systems to antibiotic
resistance!”!

The first population-level analysis of resistance
gene prevalence in the human gut was performed by
Seville e al™. Interestingly, they found that several of
the tested genes were common in human microbiomes
using microarray probes to identify 14 tetracycline and
macrolide-resistance genes in the fecal and saliva samples
of 20 healthy volunteers from England, Finland, France,
Italy, Norway, and Scotland. However, the fecal samples
from France and Italy showed significantly higher levels
of some tetracycline and erythromycin genes than those
of the samples from Scandinavia or the United Kingdom.

Compared with previous methods, the metagenomic
approach is a powerful tool that can help us to gain
a more comprehensive understanding of the ARGs
in human gut microbes. By analyzing the genomic
content of a microorganism, it is possible to predict
the resistance phenotype and adapt a specific treatment.
Functional metagenomics can be used to isolate
completely novel ARGs from the non-cultivable fraction
of the microbiota and reveal the complex background
context in which antibiotic resistance evolves in both
microbial and host communities.

By employing fecal metagenomic data from different
countries, studies have confirmed that resistance gene
prevalence exists in the human gut microbiome and the
distribution of ARGs are different between countries” .
Moreover, Forslund e /" found associations between
transposable elements in the tested genes, which is
consistent with the finding that ARGs can be exchanged
among gastrointestinal microbes””, particularly during
host stress’ .

Sommer ¢ al”” screened the gene inserts that caused
resistance in E. /i to 13 different antibiotics by performing
functional metagenomics screening of fecal and oral
samples from two human donors. They then compared
these genes with previous homologs in pathogens and
found a considerable diversity of ARGs in the microbes.
Cheng ef al™ first applied the strategy of screening a
relatively large-insert fosmid library generated from the
gut microbiota of four healthy candidates. The library
was used to screen for ARGs against seven antibiotics.
The authors identified a variety of previously unknown
resistance determinants and found that only the N-terminus
conferred kanamycin resistance following a functional

January 21, 2015 | Volume 21 | Issue 3 |



Wang WL et a/. Metagenomics and human gut microbiome

study on the new kanamycin resistance gene.

Recently, Moore ¢z al™" used functional metagenomics
in fecal microbiota from 22 healthy infants and children
to identify ARGs. They not only identified three novel
resistance genes, but also reported their results on
resistance to folate-synthesis inhibitors conferred by
a predicted Nudix hydrolase, which was an important
part of the folate-synthesis pathway. In addition, their
functional metagenomic investigations demonstrated
that fecal resistomes of healthy children had a higher
diversity than previously suspected.

Metagenomics: Finding functional dysbiosis

As reported, dysbiosis of the intestinal microbial
community is associated with some diseases, including
inflammatory bowel disease™ ™! obesity”****
diabetes®™, allergy[go’gﬂ, irritable bowel syndrome (IBS)™,
colorectal cancer””™ liver cirrhosis”””, nonalcoholic
steatohepatitisﬂOo’mﬂ, neurodevelopmental disorders"*'""
cardiovascular disorders"" cholesterol gallstonesms],
diarrhea"™. malnutrition""”, kidney disease™ and colon
polyps“og]. Recently, in a metagenomic analysis of the
stool microbiome in patients receiving allogeneic stem
cell transplantation, Holler ez al"™ found a relative shift
from a predominance of commensal bacteria toward
Enterococci, which was particularly marked in patients
who subsequently developed or suffered from active
gastrointestinal graft-ss-host disease.

In addition to identifying dysbiosis of the human
gut microbiome in some diseases, metagenomics can
determine novel changes in microbial functions. A study
using the metagenomic approach in patients with type
2 diabetes performed by Qin e/ al™ found a moderate
variation in the microbial composition of the gut between
cases and controls. Microbial functions conferring
sulfate reduction and oxidative stress resistance were also
more abundant in patients with type 2 diabetes than in
healthy controls. Similarly, Wei e 2/” analyzed the fecal
microbiota of 20 hepatitis B liver cirrhosis patients and
20 healthy controls using metagenomic methods, and
found an obvious change in fecal microbiota between
the two groups. Importantly, compared with the controls,
functional diversity was significantly reduced in the
fecal microbiota in the patients. In addition, the fecal
microbiota in the patients showed abundant metabolism
of glutathione, gluconeogenesis, branched-chain amino
acids, nitrogen and lipids, but a decrease in the level of
aromatic amino acids, bile acid and cell cycle related
metabolism.

Metagenomics can also be used to determine the
interactions between intestinal bacteria and the host.
Intestinal bacteria play an integral role in human health.
However, the possible mechanisms related to the
interactions between intestinal bactetia and the host are
not understood. Lakhdari ez a/''" used high-throughput
screening technology to investigate intestinal microbial
pathways, and found that E. cw/ metagenomic clones could
modulate intestinal mucosal proliferation by activating
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the nuclear factor-kB pathway in epithelial cells!"* ",

Recently, by applying functional metagenomics, Dobrijevic
et al'™ found that secreted and surface-exposed proteins
from Gram-positive bacteria in the human gut microbiota
played a role in immune modulation.

Metagenomics is also helpful in screening plasmid-
encoding elements, especially with the improvement
of methods for purifying high-quality and high-yield
plasmid DNA"". The plasmid harbors numerous mobile
genetic elements. A profound understanding of the
mobile genetic elements associated with the human
gut microbiota is meaningful as they can reflect the co-
evolution of host and microbe in the human gut™.

Jones and Marchesi'''” isolated novel plasmids from
the human gut microbiota and revealed that some
crucial genes were enriched in the human gut compared
with other systems using the culture independent
transposon-aided capture system. Recently, based on
metagenomic analysis, several studies indicated that the
horizontal gene could transfer between phylogenetically
distant bacterial groups[64’65’118]. However, the triggers
that promote this gene exchange are not known. Smillie
et al"™ showed that ecology could be the main driver of
gene exchange.

LIMITATIONS IN APPLYING
METAGENOMICS

From the above findings (Figure 1), metagenomics have
been shown to be an incredibly powerful technology in
studying the human gut microbiome. However, there
are still some limitations in the use of metagenomics, as
shown in Figure 2. Firstly, it is not possible to identify
microbial expression. Secondly, as metagenomics require
much higher sequence coverage than 165 rfDNA sequence
analysis' ", the costs and time involved in DNA sequencing
projects for gut metagenomics are far greater than those
of 16S rDNA sequence analysis. Thirdly, to obtain high
coverage required for metagenomics, a sufficient quantity
and high quality of DNA samples are essential. Although
precautionary steps are performed, human contaminants
are found in 50%-90% of sequences””. Different DNA
extraction kits and laboratories also have an impact on the
assessment of human gut microbiota”!. Comparing data
across studies that use different bacterial DNA extraction
methods is difficult*. Fourthly, to perform a metagenomic
study successfully, the quality of the underlying functional
annotations of metagenomic sequence fragments is
very important. However, a significant proportion of
data cannot be assigned a function due to a lack of close
matches in reference databases”’”. For viral data, this
situation is particularly severe, as 80% or more of sequence
reads lack known matches" .

Millions of sequences in each sample are required
for functional gene analysis of a complex microbial
community. It is difficult to identify and improve the
accuracy of information detived from the relatively short
gene fragments generated by next-generation sequencing,
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Gut microbiome

Metagenomic analysis

Novel genes

Microbial pathways

Functional dysbiosis

Microbial diversity

Antibiotic
resistance genes

Co-evolution of host
and microbiota

Interaction between
host and microbiota

Figure 1 Application of metagenomics in the human gut microbiome. In studying the human gut microbiome, metagenomic analysis has the potential to provide
sufficient information in the following research areas: The detection of microbial composition and diversity, novel genes, microbial pathways, functional dysbiosis,
antibiotic resistance genes, and the determination of interactions and co-evolution between microbiota and host.

due to the many bioinformatics challenges proposed by the
huge metagenomic shotgun sequencing. It is also difficult
to assign function unambiguously based on sequence
similarity alone, which may cause misannotation .
Moreover, when there are less abundant members of the
microbiome or a community containing many closely
related species, it may be difficult to assemble genomes'*.
This can lead to a situation where, even if a function can
be ascertained, it may be a challenge to assign it to specific
species within the microbial community. In addition, DNA
is the material used in metagenomic sequencing, and the
expression of each functional gene in a sample in a given
environment is very difficult to determine.

METATRANSCRIPTOMICS,
METAPROTEOMICS AND
METABOLOMICS

Metagenomics is an extremely powerful tool that can be
used to desctibe the genetic potential of the microorganisms
present in a given environment. However, it has a very
limited function in revealing their activity or gene expression.

With the rapid development of metatranscriptomics”2(’],
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. . 128 :
metaproteomlcs[m] and metabolomics'™ the functional

activity of a microbial community can be identified.

Metatranscriptomic sequencing can be used to
determine the activity of genes in a defined environment.
Gosalbes e al'™ used metatranscriptomic analysis of
fecal microbiomes from ten healthy humans, and found
that carbohydrate metabolism, energy production and
synthesis of cellular components were the main functional
roles of the gut microbiota. In contrast, amino acid and
lipid metabolism were reduced in the metatranscriptome.

Metatranscriptomics also has some limitations. Firstly,
it is very difficult to obtain high-quality and sufficient
amounts of RNA from environmental samples. Secondly,
it is a challenge to separate the mRNA of interest
from the more abundant types of RNA such as rRNA.
Thirdly, the short half-life of mRNA leads to difficulty
in the detection of rapid and short-term responses
to environmental changesmo]. Fourthly, the reference
databases are insufficient.

An analysis of proteins is also important to understand
microbial functions. Recently, a study demonstrated that the
fecal metaproteome in healthy adults was subject-specific
and relatively stable over a one-year period“'m. In addition,
some core functions, including carbohydrate metabolism
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in the databases. On the other hand, the obtained
metabolites are mixed, thus it is very difficult to identify
the information from the host and the microbial
metabolites.

As shown in Figure 2, though there are some
limitations with these approaches, they have significant
potential clinical applications. The combination of the
meta-omics may be sufficiently powerful to elucidate the
ecologic roles of the human gut microbiome!™”.

CONCLUSION

In conclusion, metagenomics can not only identify the
diversity of the human gut microbiome, but can also
reveal new genes and microbial pathways, and uncover
functional dysbiosis. The application of metagenomics
has huge potential in revealing the mechanisms and
correlations between the human intestinal microbiome
and diseases. However, metagenomics also has limitations
and requires improvement ",

With the rapid development and application of
metagenomics, as well as metatranscriptomics, metaproteomics
and metabolomics, it is possible to identify new microbial
diagnostic markers that will provide early diagnosis
and novel treatments. Maximizing the contribution of
microorganisms and identifying more probiotics are also
very promising. Based on an increased understanding of
the role of the human microbiome in diseases and their
interactions, as well as inter-individual differences and
physiologic parameters, the exploration of personalized
medicine will progress immensely. In addition, it is possible
to explore new antibiotics that target antibiotic resistance
microbiomes based on a profound understanding of
ARGs in the gut microbiome.

Current metagenomic studies of the human gut
microbiome have been performed in limited cohorts,
thus, it is necessary to enhance our understanding of
the human gut microbiome by investigating human
populations from different countries, for longer periods,
and include multiple age groupsml, and various disease
stages. A study of the characteristics of the human gut
microbiome in different disease stages would help us
understand the relationship between the gut microbiome
and disease development, and thus would help to
establish the optimal strategies for preventing, improving
and even reversing diseases.

As metagenomics still has some limitations, it is necessary
to combine other microbiome approaches, including
cultivation methods, with a study of metagenomics in the
intestinal microbiome. This will ensure that the results
are more accurate and convincing. Recently, several
studies have successfully used this combination and
obtained meaningful findings*”"*". To overcome the
limitations of metagenomics, it is also important to create
a unified microbial DNA extraction method, improve
computational algorithms, and complete the reference
databases.

The application of metagenomic technology in the
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human gut microbiome is in its infancy. However, it
has been used in other environments, including soil and
the sea, for some time. Thus, the success of applying
metagenomic technology in studying these environments
can be followed by further study in the human gut
microbiome. In addition, the human gut harbors not
only bacteria, but also eukaryota and viruses. To date, few
studies on eukaryota and viruses using the metagenomics
approach have been carried out, thus, the future study
of the human gut microbiome using the metagenomics
approach is promising and more efforts are urgently
needed.

REFERENCES

1

10

11

12

Weinstock GM. Genomic approaches to studying the
human microbiota. Nature 2012; 489: 250-256 [PMID:
22972298 DOI: 10.1038 /nature11553]

Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology:
human gut microbes associated with obesity. Nature 2006;
444:1022-1023 [PMID: 17183309 DOI: 10.1038/4441022a]
Endt K, Stecher B, Chaffron S, Slack E, Tchitchek N, Benecke
A, Van Maele L, Sirard JC, Mueller AJ, Heikenwalder M,
Macpherson AJ, Strugnell R, von Mering C, Hardt WD.
The microbiota mediates pathogen clearance from the gut
lumen after non-typhoidal Salmonella diarrhea. PLoS Pathog
2010; 6: €1001097 [PMID: 20844578 DOI: 10.1371/journal.
Pppat.1001097]

Fukuda S, Toh H, Taylor TD, Ohno H, Hattori M. Acetate-
producing bifidobacteria protect the host from enteropathogenic
infection via carbohydrate transporters. Gut Microbes 2012; 3:
449-454 [PMID: 22825494 DOI: 10.4161/ gmic.21214]

Fukuda S, Toh H, Hase K, Oshima K, Nakanishi Y, Yoshimura
K, Tobe T, Clarke JM, Topping DL, Suzuki T, Taylor TD, Itoh
K, Kikuchi J, Morita H, Hattori M, Ohno H. Bifidobacteria can
protect from enteropathogenic infection through production
of acetate. Nature 2011; 469: 543-547 [PMID: 21270894 DOI:
10.1038 / nature09646]

Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal
interactions of the intestinal microbiota and immune system.
Nature 2012; 489: 231-241 [PMID: 22972296 DOI: 10.1038/
nature11551]

Viaud S, Saccheri F, Mignot G, Yamazaki T, Daillere R,
Hannani D, Enot DP, Pfirschke C, Engblom C, Pittet MJ,
Schlitzer A, Ginhoux F, Apetoh L, Chachaty E, Woerther
PL, Eberl G, Bérard M, Ecobichon C, Clermont D, Bizet
C, Gaboriau-Routhiau V, Cerf-Bensussan N, Opolon P,
Yessaad N, Vivier E, Ryffel B, Elson CO, Doré J, Kroemer
G, Lepage P, Boneca IG, Ghiringhelli F, Zitvogel L. The
intestinal microbiota modulates the anticancer immune
effects of cyclophosphamide. Science 2013; 342: 971-976 [PMID:
24264990 DOI: 10.1126/ science.1240537]

Tremaroli V, Bickhed F. Functional interactions between
the gut microbiota and host metabolism. Nature 2012; 489:
242-249 [PMID: 22972297 DOI: 10.1038 / nature11552]

Cani PD. Metabolism in 2013: The gut microbiota manages
host metabolism. Nat Rev Endocrinol 2014; 10: 74-76 [PMID:
24322652 DOI: 10.1038 / nrend0.2013.240]

Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan JF,
Dinan TG. Minireview: Gut microbiota: the neglected
endocrine organ. Mol Endocrinol 2014; 28: 1221-1238 [PMID:
24892638 DOI: 10.1210/me.2014-1108]

Sommer F, Bickhed F. The gut microbiota--masters of host
development and physiology. Nat Rev Microbiol 2013; 11:
227-238 [PMID: 23435359 DOI: 10.1038 / nrmicro2974]
Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact

January 21, 2015 | Volume 21 | Issue3 |



13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

JRaishideng®

Wang WL et a/. Metagenomics and human gut microbiome

of the gut microbiota on human health: an integrative view.
Cell 2012; 148: 1258-1270 [PMID: 22424233 DOI: 10.1016/
j-cell.2012.01.035]

Owyang C, Wu GD. The gut microbiome in health and
disease. Gastroenterology 2014; 146: 1433-1436 [PMID: 24675436
DOI: 10.1053 /j.gastro.2014.03.032]

Suau A, Bonnet R, Sutren M, Godon JJ, Gibson GR, Collins
MD, Doré J. Direct analysis of genes encoding 165 rRNA
from complex communities reveals many novel molecular
species within the human gut. Appl Environ Microbiol 1999;
65: 4799-4807 [PMID: 10543789]

Sokol H, Seksik P. The intestinal microbiota in inflammatory
bowel diseases: time to connect with the host. Curr Opin
Gastroenterol 2010; 26: 327-331 [PMID: 20445446 DOI: 10.1097/
MOG.0b013e328339536b]

Tannock GW. Molecular assessment of intestinal microflora.
Am ] Clin Nutr 2001; 73: 4105-414S [PMID: 11157350]
Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen
L, Sargent M, Gill SR, Nelson KE, Relman DA. Diversity
of the human intestinal microbial flora. Science 2005; 308:
1635-1638 [PMID: 15831718 DOI: 10.1126/science.1110591]
Shendure J, Ji H. Next-generation DNA sequencing. Nat
Biotechnol 2008; 26: 1135-1145 [PMID: 18846087 DOI: 10.1038/
nbt1486]

Fuller CW, Middendorf LR, Benner SA, Church GM, Harris
T, Huang X, Jovanovich SB, Nelson JR, Schloss JA, Schwartz
DC, Vezenov DV. The challenges of sequencing by synthesis.
Nat Biotechnol 2009; 27: 1013-1023 [PMID: 19898456 DOI:
10.1038/nbt.1585]

Venter JC, Remington K, Heidelberg JF, Halpern AL, Rusch D,
Eisen JA, Wu D, Paulsen I, Nelson KE, Nelson W, Fouts DE,
Levy S, Knap AH, Lomas MW, Nealson K, White O, Peterson J,
Hoffman ], Parsons R, Baden-Tillson H, Pfannkoch C, Rogers
YH, Smith HO. Environmental genome shotgun sequencing
of the Sargasso Sea. Science 2004; 304: 66-74 [PMID: 15001713
DOI: 10.1126/ science.1093857]

Tyson GW, Chapman J, Hugenholtz P, Allen EE, Ram R],
Richardson PM, Solovyev VV, Rubin EM, Rokhsar DS,
Banfield JF. Community structure and metabolism through
reconstruction of microbial genomes from the environment.
Nature 2004; 428: 37-43 [PMID: 14961025 DOI: 10.1038/
nature02340]

Tringe SG, von Mering C, Kobayashi A, Salamov AA, Chen
K, Chang HW, Podar M, Short JM, Mathur EJ, Detter JC, Bork
P, Hugenholtz P, Rubin EM. Comparative metagenomics of
microbial communities. Science 2005; 308: 554-557 [PMID:
15845853 DOI: 10.1126/ science.1107851]

Ding T, Schloss PD. Dynamics and associations of microbial
community types across the human body. Nature 2014; 509:
357-360 [PMID: 24739969 DOI: 10.1038 /nature13178]
Human Microbiome Project Consortium. A framework
for human microbiome research. Nature 2012; 486: 215-221
[PMID: 22699610 DOI: 10.1038/nature11209]

Human Microbiome Project Consortium. Structure, function
and diversity of the healthy human microbiome. Nature 2012;
486: 207-214 [PMID: 22699609 DOI: 10.1038/nature11234]
Tyakht AV, Kostryukova ES, Popenko AS, Belenikin MS,
Pavlenko AV, Larin AK, Karpova IY, Selezneva OV, Semashko
TA, Ospanova EA, Babenko VV, Maev IV, Cheremushkin SV,
Kucheryavyy YA, Shcherbakov PL, Grinevich VB, Efimov OI,
Sas El, Abdulkhakov RA, Abdulkhakov SR, Lyalyukova EA,
Livzan MA, Vlassov VV, Sagdeev RZ, Tsukanov VV, Osipenko
MF, Kozlova IV, Tkachev AV, Sergienko VI, Alexeev DG,
Govorun VM. Human gut microbiota community structures
in urban and rural populations in Russia. Nat Commun 2013; 4:
2469 [PMID: 24036685 DOI: 10.1038 /ncomms3469]

Cole JR, Chai B, Farris R], Wang Q, Kulam-Syed-Mohideen
AS, McGarrell DM, Bandela AM, Cardenas E, Garrity
GM, Tiedje JM. The ribosomal database project (RDP-II):
introducing myRDP space and quality controlled public data.

WJG | www.wjgnet.com

810

28

29

30

31

32

34

35

36

37

38

39

40

41

Nucleic Acids Res 2007; 35: D169-D172 [PMID: 17090583 DOI:
10.1093/nar/ gkl889]

Woese CR, Fox GE. Phylogenetic structure of the prokaryotic
domain: the primary kingdoms. Proc Natl Acad Sci USA 1977;
74: 5088-5090 [PMID: 270744]

Blaser M, Bork P, Fraser C, Knight R, Wang J. The microbiome
explored: recent insights and future challenges. Nat Rev
Microbiol 2013; 11: 213-217 [PMID: 23377500 DOI: 10.1038/
nrmicro2973]

Cho I, Blaser M]. The human microbiome: at the interface of
health and disease. Nat Rev Genet 2012; 13: 260-270 [PMID:
22411464 DOI: 10.1038/nrg3182]

Ren Z, Cui G, Lu H, Chen X, Jiang J, Liu H, He Y, Ding S, Hu
Z, Wang W, Zheng S. Liver ischemic preconditioning (IPC)
improves intestinal microbiota following liver transplantation
in rats through 16s rDNA-based analysis of microbial
structure shift. PLoS One 2013; 8: €75950 [PMID: 24098410
DOI: 10.1371/journal.pone.0075950]

Lepage P, Leclerc MC, Joossens M, Mondot S, Blottiere HM,
Raes ], Ehrlich D, Doré J. A metagenomic insight into our
gut’s microbiome. Gut 2013; 62: 146-158 [PMID: 22525886
DOI: 10.1136/ gutjnl-2011-301805]

Handelsman J. Metagenomics: application of genomics to
uncultured microorganisms. Microbiol Mol Biol Rev 2004; 68:
669-685 [PMID: 15590779 DOI: 10.1128/ MMBR.68.4.669-685.2004]
Handelsman J, Rondon MR, Brady SF, Clardy ], Goodman
RM. Molecular biological access to the chemistry of unknown
soil microbes: a new frontier for natural products. Chem Biol
1998; 5: R245-R249 [PMID: 9818143]

Rondon MR, Raffel SJ, Goodman RM, Handelsman ]J.
Toward functional genomics in bacteria: analysis of gene
expression in Escherichia coli from a bacterial artificial
chromosome library of Bacillus cereus. Proc Natl Acad Sci
USA 1999; 96: 6451-6455 [PMID: 10339608]

Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ,
Samuel BS, Gordon ]I, Relman DA, Fraser-Liggett CM,
Nelson KE. Metagenomic analysis of the human distal gut
microbiome. Science 2006; 312: 1355-1359 [PMID: 16741115
DOI: 10.1126/science.1124234]

Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh
C, Nielsen T, Pons N, Levenez F, Yamada T, Mende DR,
LiJ, Xu], LiS, Li D, Cao J, Wang B, Liang H, Zheng H, Xie
Y, Tap J, Lepage P, Bertalan M, Batto JM, Hansen T, Le
Paslier D, Linneberg A, Nielsen HB, Pelletier E, Renault P,
Sicheritz-Ponten T, Turner K, Zhu H, Yu C, Li S, Jian M,
ZhouY, LiY, Zhang X, LiS, Qin N, Yang H, Wang J, Brunak
S, Doré ], Guarner F, Kristiansen K, Pedersen O, Parkhill
J, Weissenbach ], Bork P, Ehrlich SD, Wang ]J. A human
gut microbial gene catalogue established by metagenomic
sequencing. Nature 2010; 464: 59-65 [PMID: 20203603 DOI:
10.1038/nature08821]

Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL,
Duncan A, Ley RE, Sogin ML, Jones W], Roe BA, Affourtit
JP, Egholm M, Henrissat B, Heath AC, Knight R, Gordon JI.
A core gut microbiome in obese and lean twins. Nature 2009;
457: 480-484 [PMID: 19043404 DOI: 10.1038/ nature07540]
Sunagawa S, Mende DR, Zeller G, Izquierdo-Carrasco F,
Berger SA, Kultima JR, Coelho LP, Arumugam M, Tap ],
Nielsen HB, Rasmussen S, Brunak S, Pedersen O, Guarner
F, de Vos WM, Wang ], Li ], Doré ], Ehrlich SD, Stamatakis
A, Bork P. Metagenomic species profiling using universal
phylogenetic marker genes. Nat Methods 2013; 10: 1196-1199
[PMID: 24141494 DOI: 10.1038 /nmeth.2693]

Thomas T, Gilbert ], Meyer F. Metagenomics - a guide from
sampling to data analysis. Microb Inform Exp 2012; 2: 3 [PMID:
22587947 DOI: 10.1186/2042-5783-2-3]

Blottiere HM, de Vos WM, Ehrlich SD, Doré J. Human
intestinal metagenomics: state of the art and future. Curr
Opin Microbiol 2013; 16: 232-239 [PMID: 23870802 DOI:
10.1016/j.mib.2013.06.006]

January 21, 2015 | Volume 21 | Issue3 |



42

43

44

45

46

47

48

49

50

51

JBaishideng®

Gevers D, Knight R, Petrosino JF, Huang K, McGuire AL,
Birren BW, Nelson KE, White O, Methé BA, Huttenhower C.
The Human Microbiome Project: a community resource for
the healthy human microbiome. PLoS Biol 2012; 10: €1001377
[PMID: 22904687 DOI: 10.1371/journal.pbio.1001377]

LiJ, Jia H, Cai X, Zhong H, Feng Q, Sunagawa S,
Arumugam M, Kultima JR, Prifti E, Nielsen T, Juncker AS,
Manichanh C, Chen B, Zhang W, Levenez F, Wang ], Xu
X, Xiao L, Liang S, Zhang D, Zhang Z, Chen W, Zhao H,
Al-Aama JY, Edris S, Yang H, Wang ], Hansen T, Nielsen
HB, Brunak S, Kristiansen K, Guarner F, Pedersen O,
Doré ], Ehrlich SD, Bork P, Wang J. An integrated catalog
of reference genes in the human gut microbiome. Nat
Biotechnol 2014; 32: 834-841 [PMID: 24997786 DOI: 10.1038/
nbt.2942]

Turnbaugh PJ, Gordon JI. The core gut microbiome, energy
balance and obesity. ] Physiol 2009; 587: 4153-4158 [PMID:
19491241 DOI: 10.1113/jphysiol.2009.174136]

Faith JJ, Guruge JL, Charbonneau M, Subramanian S,
Seedorf H, Goodman AL, Clemente JC, Knight R, Heath AC,
Leibel RL, Rosenbaum M, Gordon ]JI. The long-term stability
of the human gut microbiota. Science 2013; 341: 1237439
[PMID: 23828941 DOI: 10.1126/ science.1237439]

Lee SM, Donaldson GP, Mikulski Z, Boyajian S, Ley K,
Mazmanian SK. Bacterial colonization factors control
specificity and stability of the gut microbiota. Nature 2013;
501: 426-429 [PMID: 23955152 DOI: 10.1038 /nature12447]
Arumugam M, Raes ], Pelletier E, Le Paslier D, Yamada T,
Mende DR, Fernandes GR, Tap ], Bruls T, Batto JM, Bertalan
M, Borruel N, Casellas F, Fernandez L, Gautier L, Hansen T,
Hattori M, Hayashi T, Kleerebezem M, Kurokawa K, Leclerc
M, Levenez F, Manichanh C, Nielsen HB, Nielsen T, Pons
N, Poulain J, Qin ], Sicheritz-Ponten T, Tims S, Torrents D,
Ugarte E, Zoetendal EG, Wang ], Guarner F, Pedersen O,
de Vos WM, Brunak S, Doré J, Antolin M, Artiguenave F,
Blottiere HM, Almeida M, Brechot C, Cara C, Chervaux C,
Cultrone A, Delorme C, Denariaz G, Dervyn R, Foerstner
KU, Friss C, van de Guchte M, Guedon E, Haimet F, Huber
W, van Hylckama-Vlieg J, Jamet A, Juste C, Kaci G, Knol
J, Lakhdari O, Layec S, Le Roux K, Maguin E, Mérieux A,
Melo Minardi R, M'rini C, Muller J, Oozeer R, Parkhill J,
Renault P, Rescigno M, Sanchez N, Sunagawa S, Torrejon A,
Turner K, Vandemeulebrouck G, Varela E, Winogradsky Y,
Zeller G, Weissenbach J, Ehrlich SD, Bork P. Enterotypes of
the human gut microbiome. Nature 2011; 473: 174-180 [PMID:
21508958 DOI: 10.1038 / nature09944]

Claesson MJ, Jeffery IB, Conde S, Power SE, O’Connor EM,
Cusack S, Harris HM, Coakley M, Lakshminarayanan B, O’
Sullivan O, Fitzgerald GF, Deane ], O’Connor M, Harnedy
N, O’Connor K, O'Mahony D, van Sinderen D, Wallace M,
Brennan L, Stanton C, Marchesi JR, Fitzgerald AP, Shanahan
F, Hill C, Ross RP, O'Toole PW. Gut microbiota composition
correlates with diet and health in the elderly. Nature 2012;
488: 178-184 [PMID: 22797518 DOI: 10.1038 / nature11319]
Chewapreecha C. Your gut microbiota are what you eat.
Nat Rev Microbiol 2014; 12: 8 [PMID: 24336181 DOI: 10.1038/
nrmicro3186]

David LA, Maurice CF, Carmody RN, Gootenberg DB,
Button JE, Wolfe BE, Ling AV, Devlin AS, Varma Y,
Fischbach MA, Biddinger SB, Dutton R], Turnbaugh PJ. Diet
rapidly and reproducibly alters the human gut microbiome.
Nature 2014; 505: 559-563 [PMID: 24336217 DOI: 10.1038/
nature12820]

Yatsunenko T, Rey FE, Manary M]J, Trehan I, Dominguez-
Bello MG, Contreras M, Magris M, Hidalgo G, Baldassano
RN, Anokhin AP, Heath AC, Warner B, Reeder ], Kuczynski
J, Caporaso JG, Lozupone CA, Lauber C, Clemente JC,
Knights D, Knight R, Gordon JI. Human gut microbiome
viewed across age and geography. Nature 2012; 486: 222-227
[PMID: 22699611 DOI: 10.1038/nature11053]

WJG | www.wjgnet.com

Wang WL et a/. Metagenomics and human gut microbiome

811

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Biagi E, Candela M, Turroni S, Garagnani P, Franceschi C,
Brigidi P. Ageing and gut microbes: perspectives for health
maintenance and longevity. Pharmacol Res 2013; 69: 11-20
[PMID: 23079287 DOI: 10.1016/j.phrs.2012.10.005]

Suzuki TA, Worobey M. Geographical variation of human
gut microbial composition. Biol Lett 2014; 10: 20131037
[PMID: 24522631 DOI: 10.1098/1sb1.2013.1037]

Xu D, Gao ], Gillilland M, Wu X, Song I, Kao JY, Owyang
C. Rifaximin alters intestinal bacteria and prevents stress-
induced gut inflammation and visceral hyperalgesia in rats.
Gastroenterology 2014; 146: 484-496.e4 [PMID: 24161699 DOI:
10.1053/j.gastro.2013.10.026]

Vrieze A, Out C, Fuentes S, Jonker L, Reuling I, Kootte RS,
van Nood E, Holleman F, Knaapen M, Romijn JA, Soeters
MR, Blaak EE, Dallinga-Thie GM, Reijnders D, Ackermans
MT, Serlie MJ], Knop FK, Holst JJ, van der Ley C, Kema IP,
Zoetendal EG, de Vos WM, Hoekstra JB, Stroes ES, Groen
AK, Nieuwdorp M. Impact of oral vancomycin on gut
microbiota, bile acid metabolism, and insulin sensitivity. |
Hepatol 2014; 60: 824-831 [PMID: 24316517 DOI: 10.1016/
jjhep.2013.11.034]

Guo M, Huang K, Chen S, Qi X, He X, Cheng WH, Luo Y,
Xia K, Xu W. Combination of metagenomics and culture-
based methods to study the interaction between ochratoxin
a and gut microbiota. Toxicol Sci 2014; 141: 314-323 [PMID:
24973096 DOI: 10.1093/ toxsci/ kfu128]

Wu GD, Chen ], Hoffmann C, Bittinger K, Chen YY,
Keilbaugh SA, Bewtra M, Knights D, Walters WA, Knight
R, Sinha R, Gilroy E, Gupta K, Baldassano R, Nessel L, Li H,
Bushman FD, Lewis JD. Linking long-term dietary patterns
with gut microbial enterotypes. Science 2011; 334: 105-108
[PMID: 21885731 DOI: 10.1126/ science.1208344]

Mardanov AV, Babykin MM, Beletsky AV, Grigoriev Al,
Zinchenko VV, Kadnikov VV, Kirpichnikov MP, Mazur
AM, Nedoluzhko AV, Novikova ND, Prokhortchouk EB,
Ravin NV, Skryabin KG, Shestakov SV. Metagenomic
Analysis of the Dynamic Changes in the Gut Microbiome of
the Participants of the MARS-500 Experiment, Simulating
Long Term Space Flight. Acta Naturae 2013; 5: 116-125 [PMID:
24303207]

Koenig JE, Spor A, Scalfone N, Fricker AD, Stombaugh J,
Knight R, Angenent LT, Ley RE. Succession of microbial
consortia in the developing infant gut microbiome. Proc Natl
Acad Sci USA 2011; 108 Suppl 1: 4578-4585 [PMID: 20668239
DOI: 10.1073/pnas.1000081107]

Gabor EM, Alkema WB, Janssen DB. Quantifying the
accessibility of the metagenome by random expression
cloning techniques. Environ Microbiol 2004; 6: 879-886 [PMID:
15305913 DOI: 10.1111/}.1462-2920.2004.00640.x]
Hehemann JH, Correc G, Barbeyron T, Helbert W, Czjzek
M, Michel G. Transfer of carbohydrate-active enzymes from
marine bacteria to Japanese gut microbiota. Nature 2010;
464: 908-912 [PMID: 20376150 DOI: 10.1038/nature08937]
Turnbaugh PJ, Henrissat B, Gordon JI. Viewing the human
microbiome through three-dimensional glasses: integrating
structural and functional studies to better define the
properties of myriad carbohydrate-active enzymes. Acta
Crystallogr Sect F Struct Biol Cryst Commun 2010; 66: 1261-1264
[PMID: 20944220 DOI: 10.1107/51744309110029088]

Li LL, McCorkle SR, Monchy S, Taghavi S, van der Lelie
D. Bioprospecting metagenomes: glycosyl hydrolases for
converting biomass. Biotechnol Biofuels 2009; 2: 10 [PMID:
19450243 DOI: 10.1186/1754-6834-2-10]

Tasse L, Bercovici J, Pizzut-Serin S, Robe P, Tap ], Klopp
C, Cantarel BL, Coutinho PM, Henrissat B, Leclerc M, Doré
J, Monsan P, Remaud-Simeon M, Potocki-Veronese G.
Functional metagenomics to mine the human gut microbiome
for dietary fiber catabolic enzymes. Genome Res 2010; 20:
1605-1612 [PMID: 20841432 DOI: 10.1101/ gr.108332.110]
Jones BV, Begley M, Hill C, Gahan CG, Marchesi JR.

January 21, 2015 | Volume 21 | Issue3 |



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

JRaishideng®

Wang WL et a/. Metagenomics and human gut microbiome

Functional and comparative metagenomic analysis of bile salt
hydrolase activity in the human gut microbiome. Proc Natl
Acad Sci USA 2008; 105: 13580-13585 [PMID: 18757757 DOI:
10.1073/ pnas.0804437105]

Gloux K, Berteau O, El Oumami H, Béguet F, Leclerc M,
Doré ]J. A metagenomic p-glucuronidase uncovers a core
adaptive function of the human intestinal microbiome. Proc
Natl Acad Sci USA 2011; 108 Suppl 1: 4539-4546 [PMID:
20615998 DOI: 10.1073 / pnas.1000066107]

Vital M, Howe AC, Tiedje JM. Revealing the bacterial
butyrate synthesis pathways by analyzing (meta)genomic
data. MBio 2014; 5: e00889 [PMID: 24757212 DOI: 10.1128/
mBio.00889-14]

Fischbach MA, Walsh CT. Antibiotics for emerging pathogens.
Science 2009; 325: 1089-1093 [PMID: 19713519 DOI: 10.1126/
science.1176667]

Alekshun MN, Levy SB. Molecular mechanisms of antibacterial
multidrug resistance. Cell 2007; 128: 1037-1050 [PMID: 17382878
DOI: 10.1016/j.cell.2007.03.004]

Robicsek A, Jacoby GA, Hooper DC. The worldwide
emergence of plasmid-mediated quinolone resistance. Lancet
Infect Dis 2006; 6: 629-640 [PMID: 17008172 DOI: 10.1016/
51473-3099(06)70599-0]

Salyers AA, Gupta A, Wang Y. Human intestinal bacteria as
reservoirs for antibiotic resistance genes. Trends Microbiol 2004;
12: 412-416 [PMID: 15337162 DOI: 10.1016/j.tim.2004.07.004]
Sommer MO, Dantas G, Church GM. Functional characterization
of the antibiotic resistance reservoir in the human microflora.
Science 2009; 325: 1128-1131 [PMID: 19713526 DOI: 10.1126/
science.1176950]

D’Costa VM, McGrann KM, Hughes DW, Wright GD.
Sampling the antibiotic resistome. Science 2006; 311: 374-377
[PMID: 16424339 DOI: 10.1126/ science.1120800]

Seville LA, Patterson AJ, Scott KP, Mullany P, Quail MA,
Parkhill J, Ready D, Wilson M, Spratt D, Roberts AP.
Distribution of tetracycline and erythromycin resistance genes
among human oral and fecal metagenomic DNA. Microb
Drug Resist 2009; 15: 159-166 [PMID: 19728772 DOI: 10.1089/
mdr.2009.0916]

Forslund K, Sunagawa S, Kultima JR, Mende DR, Arumugam
M, Typas A, Bork P. Country-specific antibiotic use practices
impact the human gut resistome. Genome Res 2013; 23:
1163-1169 [PMID: 23568836 DOI: 10.1101/ gr.155465.113]
HuY, Yang X, Qin ], Lu N, Cheng G, Wu N, Pan Y, Li ], Zhu
L, Wang X, Meng Z, Zhao F, Liu D, Ma ], Qin N, Xiang C,
Xiao Y, Li L, Yang H, Wang ], Yang R, Gao GF, Wang ], Zhu B.
Metagenome-wide analysis of antibiotic resistance genes in
a large cohort of human gut microbiota. Nat Commun 2013; 4:
2151 [PMID: 23877117 DOI: 10.1038 /ncomms3151]

Karami N, Martner A, Enne VI, Swerkersson S, Adlerberth I,
Wold AE. Transfer of an ampicillin resistance gene between
two Escherichia coli strains in the bowel microbiota of an
infant treated with antibiotics. | Antimicrob Chemother 2007;
60: 1142-1145 [PMID: 17768176 DOI: 10.1093 /jac/ dkm327]
Stecher B, Denzler R, Maier L, Bernet F, Sanders MJ, Pickard
DJ, Barthel M, Westendorf AM, Krogfelt KA, Walker AW,
Ackermann M, Dobrindt U, Thomson NR, Hardt WD. Gut
inflammation can boost horizontal gene transfer between
pathogenic and commensal Enterobacteriaceae. Proc Natl
Acad Sci USA 2012; 109: 1269-1274 [PMID: 22232693 DOI:
10.1073/pnas.1113246109]

Cheng G, Hu Y, Yin Y, Yang X, Xiang C, Wang B, Chen
Y, Yang F, Lei F, Wu N, Lu N, Li ], Chen Q, Li L, Zhu B.
Functional screening of antibiotic resistance genes from
human gut microbiota reveals a novel gene fusion. FEMS
Microbiol Lett 2012; 336: 11-16 [PMID: 22845886 DOI: 10.1111/
j.1574-6968.2012.02647 .x]

Moore AM, Patel S, Forsberg K], Wang B, Bentley G, Razia
Y, Qin X, Tarr PI, Dantas G. Pediatric fecal microbiota
harbor diverse and novel antibiotic resistance genes. PLoS

WJG | www.wjgnet.com

812

81

82

83

84

85

86

87

88

89

90

91

92

93

One 2013; 8: €78822 [PMID: 24236055 DOI: 10.1371/journal.
pone.0078822]

Manichanh C, Rigottier-Gois L, Bonnaud E, Gloux K,
Pelletier E, Frangeul L, Nalin R, Jarrin C, Chardon P, Marteau
P, Roca J, Dore J. Reduced diversity of faecal microbiota
in Crohn’s disease revealed by a metagenomic approach.
Gut 2006; 55: 205-211 [PMID: 16188921 DOI: 10.1136/
gut.2005.073817]

Ray K. IBD. Understanding gut microbiota in new-onset
Crohn’s disease. Nat Rev Gastroenterol Hepatol 2014; 11: 268
[PMID: 24662277 DOI: 10.1038 /nrgastro.2014.45]

Bye W, Ishaq N, Bolin TD, Duncombe VM, Riordan SM.
Overgrowth of the indigenous gut microbiome and irritable
bowel syndrome. World | Gastroenterol 2014; 20: 2449-2455
[PMID: 24627582 DOI: 10.3748 / wjg.v20.i10.2449]

Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F,
Falony G, Almeida M, Arumugam M, Batto JM, Kennedy
S, Leonard P, Li J, Burgdorf K, Grarup N, Jergensen T,
Brandslund I, Nielsen HB, Juncker AS, Bertalan M, Levenez
F, Pons N, Rasmussen S, Sunagawa S, Tap J, Tims S,
Zoetendal EG, Brunak S, Clément K, Doré J, Kleerebezem M,
Kristiansen K, Renault P, Sicheritz-Ponten T, de Vos WM,
Zucker JD, Raes ], Hansen T, Bork P, Wang J, Ehrlich SD,
Pedersen O. Richness of human gut microbiome correlates
with metabolic markers. Nature 2013; 500: 541-546 [PMID:
23985870 DOI: 10.1038 / nature12506]

Tarantino G. Gut microbiome, obesity-related comorbidities,
and low-grade chronic inflammation. J Clin Endocrinol
Metab 2014; 99: 2343-2346 [PMID: 25003243 DOI: 10.1210/
jc.2014-2074]

Ohtani N, Yoshimoto S, Hara E. Obesity and cancer: a gut
microbial connection. Cancer Res 2014; 74: 1885-1889 [PMID:
24638983 DOI: 10.1158/0008-5472.CAN-13-3501]

QinJ, LiY, Cai Z, Li S, Zhu ], Zhang F, Liang S, Zhang W,
Guan Y, Shen D, Peng Y, Zhang D, Jie Z, Wu W, Qin Y, Xue
W, LiJ, Han L, Lu D, Wu P, Dai Y, Sun X, Li Z, Tang A,
Zhong S, Li X, Chen W, Xu R, Wang M, Feng Q, Gong M, Yu ],
Zhang Y, Zhang M, Hansen T, Sanchez G, Raes ], Falony
G, Okuda S, Almeida M, LeChatelier E, Renault P, Pons N,
Batto JM, Zhang Z, Chen H, Yang R, Zheng W, Li S, Yang
H, Wang J, Ehrlich SD, Nielsen R, Pedersen O, Kristiansen
K, Wang J. A metagenome-wide association study of gut
microbiota in type 2 diabetes. Nature 2012; 490: 55-60 [PMID:
23023125 DOI: 10.1038 / nature11450]

de Goffau MC, Fuentes S, van den Bogert B, Honkanen H,
de Vos WM, Welling GW, Hyoty H, Harmsen HJ. Aberrant
gut microbiota composition at the onset of type 1 diabetes
in young children. Diabetologia 2014; 57: 1569-1577 [PMID:
24930037 DOI: 10.1007/s00125-014-3274-0]

Tilg H, Moschen AR. Microbiota and diabetes: an evolving
relationship. Gut 2014; 63: 1513-1521 [PMID: 24833634 DOI:
10.1136/ gutjnl-2014-306928]

Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorkstén
B, Engstrand L, Jenmalm MC. Low diversity of the gut
microbiota in infants with atopic eczema. | Allergy Clin
Immunol 2012; 129: 434-440, 440.e1-e2 [PMID: 22153774 DOI:
10.1016/jjaci.2011.10.025]

Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorkstén
B, Engstrand L, Jenmalm MC. Low gut microbiota diversity
in early infancy precedes asthma at school age. Clin Exp
Allergy 2014; 44: 842-850 [PMID: 24330256 DOI: 10.1111/
cea.12253]

Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations
in composition and diversity of the intestinal microbiota
in patients with diarrhea-predominant irritable bowel
syndrome. Neurogastroenterol Motil 2012; 24: 521-530, e248
[PMID: 22339879 DOI: 10.1111/j.1365-2982.2012.01891.x]

Ahn ], Sinha R, Pei Z, Dominianni C, Wu J, Shi J, Goedert
JJ, Hayes RB, Yang L. Human gut microbiome and risk for
colorectal cancer. | Natl Cancer Inst 2013; 105: 1907-1911

January 21, 2015 | Volume 21 | Issue3 |



94

95

96

97

98

99

100

101

102

103

104

105

106

JRaishideng®

[PMID: 24316595 DOI: 10.1093 /jnci/ djt300]

Ou J, Carbonero F, Zoetendal EG, DeLany JP, Wang M,
Newton K, Gaskins HR, O’Keefe SJ. Diet, microbiota, and
microbial metabolites in colon cancer risk in rural Africans
and African Americans. Am | Clin Nutr 2013; 98: 111-120
[PMID: 23719549 DOI: 10.3945/ ajen.112.056689]

Candela M, Turroni S, Biagi E, Carbonero F, Rampelli S,
Fiorentini C, Brigidi P. Inflammation and colorectal cancer,
when microbiota-host mutualism breaks. World | Gastroenterol
2014; 20: 908-922 [PMID: 24574765 DOI: 10.3748 / wijg.v20.
14.908]

Yang T, Owen ]JL, Lightfoot YL, Kladde MP, Mohamadzadeh
M. Microbiota impact on the epigenetic regulation of
colorectal cancer. Trends Mol Med 2013; 19: 714-725 [PMID:
24051204 DOI: 10.1016/j.molmed.2013.08.005]

Chen Y, Yang F, Lu H, Wang B, Chen Y, Lei D, Wang Y,
Zhu B, Li L. Characterization of fecal microbial communities
in patients with liver cirrhosis. Hepatology 2011; 54: 562-572
[PMID: 21574172 DOIL: 10.1002/ hep.24423]

Wei X, Yan X, Zou D, Yang Z, Wang X, Liu W, Wang S,
Li X, Han J, Huang L, Yuan ]. Abnormal fecal microbiota
community and functions in patients with hepatitis B liver
cirrhosis as revealed by a metagenomic approach. BMC
Gastroenterol 2013; 13: 175 [PMID: 24369878 DOI: 10.1186/14
71-230X-13-175]

Qin N, Yang F, Li A, Prifti E, Chen Y, Shao L, Guo ], Le
Chatelier E, Yao J, Wu L, Zhou J, Ni S, Liu L, Pons N, Batto
JM, Kennedy SP, Leonard P, Yuan C, Ding W, Chen Y,
Hu X, Zheng B, Qian G, Xu W, Ehrlich SD, Zheng S, Li L.
Alterations of the human gut microbiome in liver cirrhosis.
Nature 2014; 513: 59-64 [PMID: 25079328 DOI: 10.1038/
naturel3568]

Zhu L, Baker SS, Gill C, Liu W, Alkhouri R, Baker RD, Gill
SR. Characterization of gut microbiomes in nonalcoholic
steatohepatitis (NASH) patients: a connection between
endogenous alcohol and NASH. Hepatology 2013; 57: 601-609
[PMID: 23055155 DOI: 10.1002/hep.26093]

Miura K, Ohnishi H. Role of gut microbiota and Toll-
like receptors in nonalcoholic fatty liver disease. World |
Gastroenterol 2014; 20: 7381-7391 [PMID: 24966608 DOI:
10.3748 /wjg.v20.i23.7381]

Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER,
McCue T, Codelli JA, Chow J, Reisman SE, Petrosino
JF, Patterson PH, Mazmanian SK. Microbiota modulate
behavioral and physiological abnormalities associated with
neurodevelopmental disorders. Cell 2013; 155: 1451-1463
[PMID: 24315484 DOI: 10.1016/j.cell.2013.11.024]

Flight MH. Neurodevelopmental disorders: the gut-
microbiome-brain connection. Nat Rev Neurosci 2014; 15: 65
[PMID: 24370876 DOI: 10.1038 /nrn3669]

Karlsson FH, Fak F, Nookaew I, Tremaroli V, Fagerberg
B, Petranovic D, Backhed F, Nielsen J. Symptomatic
atherosclerosis is associated with an altered gut metagenome.
Nat Commun 2012; 3: 1245 [PMID: 23212374 DOI: 10.1038/
ncomms2266]

Wu T, Zhang Z, Liu B, Hou D, Liang Y, Zhang ], Shi P. Gut
microbiota dysbiosis and bacterial community assembly
associated with cholesterol gallstones in large-scale study.
BMC Genomics 2013; 14: 669 [PMID: 24083370 DOI: 10.1186/
1471-2164-14-669]

Pop M, Walker AW, Paulson ], Lindsay B, Antonio M, Hossain
MA, Oundo ], Tamboura B, Mai V, Astrovskaya I, Corrada
Bravo H, Rance R, Stares M, Levine MM, Panchalingam S,
Kotloff K, Ikumapayi UN, Ebruke C, Adeyemi M, Ahmed D,
Ahmed F, Alam MT, Amin R, Siddiqui S, Ochieng JB, Ouma
E, Juma J, Mailu E, Omore R, Morris JG, Breiman RF, Saha D,
Parkhill J, Nataro JP, Stine OC. Diarrhea in young children
from low-income countries leads to large-scale alterations in
intestinal microbiota composition. Genome Biol 2014; 15: R76
[PMID: 24995464 DOI: 10.1186/ gb-2014-15-6-r76]

WJG | www.wjgnet.com

Wang WL et a/. Metagenomics and human gut microbiome

813

107

108

109

110

111

112

113

114

115

116

117

118

119

Subramanian S, Huq S, Yatsunenko T, Haque R, Mahfuz
M, Alam MA, Benezra A, DeStefano J, Meier MF, Muegge
BD, Barratt MJ, VanArendonk LG, Zhang Q, Province MA,
Petri WA, Ahmed T, Gordon JI. Persistent gut microbiota
immaturity in malnourished Bangladeshi children. Nature
2014; 510: 417-421 [PMID: 24896187 DOI: 10.1038 / nature13421]
Ramezani A, Raj DS. The gut microbiome, kidney disease,
and targeted interventions. | Am Soc Nephrol 2014; 25:
657-670 [PMID: 24231662 DOI: 10.1681/ ASN.2013080905]
Brim H, Yooseph S, Zoetendal EG, Lee E, Torralbo M, Laiyemo
AOQO, Shokrani B, Nelson K, Ashktorab H. Microbiome analysis
of stool samples from African Americans with colon polyps.
PLoS One 2013; 8: 81352 [PMID: 24376500 DOI: 10.1371/
journal.pone.0081352]

Holler E, Butzhammer P, Schmid K, Hundsrucker C, Koestler
J, Peter K, Zhu W, Sporrer D, Hehlgans T, Kreutz M, Holler
B, Wolff D, Edinger M, Andreesen R, Levine JE, Ferrara JL,
Gessner A, Spang R, Oefner PJ]. Metagenomic analysis of the
stool microbiome in patients receiving allogeneic stem cell
transplantation: loss of diversity is associated with use of
systemic antibiotics and more pronounced in gastrointestinal
graft-versus-host disease. Biol Blood Marrow Transplant 2014;
20: 640-645 [PMID: 24492144 DOI: 10.1016/j.bbmt.2014.01.030]
Lakhdari O, Cultrone A, Tap J, Gloux K, Bernard F, Ehrlich
SD, Lefevre F, Doré ], Blottiere HM. Functional metagenomics:
a high throughput screening method to decipher microbiota-
driven NF-kB modulation in the human gut. PLoS One 2010; 5:
€13092 [PMID: 20927194 DOI: 10.1371/journal.pone.0013092]
Karlsson FH, Tremaroli V, Nookaew I, Bergstrém G, Behre
CJ, Fagerberg B, Nielsen ], Biackhed F. Gut metagenome
in European women with normal, impaired and diabetic
glucose control. Nature 2013; 498: 99-103 [PMID: 23719380
DOI: 10.1038 /nature12198]

Lakhdari O, Tap ], Béguet-Crespel F, Le Roux K, de Wouters
T, Cultrone A, Nepelska M, Lefevre F, Doré ], Blottiere HM.
Identification of NF-xB modulation capabilities within human
intestinal commensal bacteria. | Biomed Biotechnol 2011; 2011:
282356 [PMID: 21765633 DOI: 10.1155/2011/282356]

Gloux K, Leclerc M, Iliozer H, L’'Haridon R, Manichanh C,
Corthier G, Nalin R, Blottiere HM, Doré J. Development of
high-throughput phenotyping of metagenomic clones from
the human gut microbiome for modulation of eukaryotic cell
growth. Appl Environ Microbiol 2007; 73: 3734-3737 [PMID:
17400773 DOI: 10.1128 / AEM.02204-06]

Dobrijevic D, Di Liberto G, Tanaka K, de Wouters T, Dervyn
R, Boudebbouze S, Binesse ], Blottiere HM, Jamet A, Maguin
E, van de Guchte M. High-throughput system for the
presentation of secreted and surface-exposed proteins from
Gram-positive bacteria in functional metagenomics studies.
PLoS One 2013; 8: €65956 [PMID: 23799065 DOI: 10.1371/
journal.pone.0065956]

Brown Kav A, Benhar I, Mizrahi I. A method for purifying
high quality and high yield plasmid DNA for metagenomic
and deep sequencing approaches. | Microbiol Methods 2013; 95:
272-279 [PMID: 24055388 DOI: 10.1016/j.mimet.2013.09.008]
Jones BV, Marchesi JR. Transposon-aided capture (TRACA)
of plasmids resident in the human gut mobile metagenome.
Nat Methods 2007; 4: 55-61 [PMID: 17128268 DOI: 10.1038/
nmeth964]

Kurokawa K, Itoh T, Kuwahara T, Oshima K, Toh H, Toyoda
A, Takami H, Morita H, Sharma VK, Srivastava TP, Taylor
TD, Noguchi H, Mori H, Ogura Y, Ehrlich DS, Itoh K, Takagi T,
Sakaki Y, Hayashi T, Hattori M. Comparative metagenomics
revealed commonly enriched gene sets in human gut
microbiomes. DNA Res 2007; 14: 169-181 [PMID: 17916580
DOI: 10.1093/ dnares/ dsm018]

Smillie CS, Smith MB, Friedman J, Cordero OX, David LA,
Alm EJ. Ecology drives a global network of gene exchange
connecting the human microbiome. Nature 2011; 480:
241-244 [PMID: 22037308 DOI: 10.1038/nature10571]

January 21, 2015 | Volume 21 | Issue3 |



Wang WL et a/. Metagenomics and human gut microbiome

120

121

122

123

124

125

126

127

128

129

130

131

JRaishideng®

Raes J, Korbel JO, Lercher MJ, von Mering C, Bork P.
Prediction of effective genome size in metagenomic samples.
Genome Biol 2007; 8: R10 [PMID: 17224063 DOI: 10.1186/ gb-
2007-8-1-r10]

Kennedy NA, Walker AW, Berry SH, Duncan SH, Farquarson
FM, Louis P, Thomson JM, Satsangi J, Flint HJ, Parkhill J, Lees
CW, Hold GL. The impact of different DNA extraction kits and
laboratories upon the assessment of human gut microbiota
composition by 165 rRNA gene sequencing. PLoS One 2014; 9:
e88982 [PMID: 24586470 DOI: 10.1371/journal.pone.0088982]
Wesolowska-Andersen A, Bahl MI, Carvalho V, Kristiansen K,
Sicheritz-Pontén T, Gupta R, Licht TR. Choice of bacterial DNA
extraction method from fecal material influences community
structure as evaluated by metagenomic analysis. Microbiome
2014; 2: 19 [PMID: 24949196 DOI: 10.1186/2049-2618-2-19]
Reyes A, Haynes M, Hanson N, Angly FE, Heath AC, Rohwer
F, Gordon JI. Viruses in the faecal microbiota of monozygotic
twins and their mothers. Nature 2010; 466: 334-338 [PMID:
20631792 DOI: 10.1038 / nature09199]

Schnoes AM, Brown SD, Dodevski I, Babbitt PC. Annotation
error in public databases: misannotation of molecular function
in enzyme superfamilies. PLoS Comput Biol 2009; 5: €1000605
[PMID: 20011109 DOI: 10.1371/journal.pcbi.1000605]
Albertsen M, Hugenholtz P, Skarshewski A, Nielsen
KL, Tyson GW, Nielsen PH. Genome sequences of rare,
uncultured bacteria obtained by differential coverage binning
of multiple metagenomes. Nat Biotechnol 2013; 31: 533-538
[PMID: 23707974 DOI: 10.1038 / nbt.2579]

Poretsky RS, Hewson I, Sun S, Allen AE, Zehr JP, Moran
MA. Comparative day/night metatranscriptomic analysis
of microbial communities in the North Pacific subtropical
gyre. Environ Microbiol 2009; 11: 1358-1375 [PMID: 19207571
DOI: 10.1111/j.1462-2920.2008.01863.x]

Verberkmoes NC, Russell AL, Shah M, Godzik A, Rosenquist
M, Halfvarson J, Lefsrud MG, Apajalahti J, Tysk C, Hettich
RL, Jansson JK. Shotgun metaproteomics of the human distal
gut microbiota. ISME ] 2009; 3: 179-189 [PMID: 18971961 DOI:
10.1038/ismej.2008.108]

Nicholson JK, Holmes E, Wilson ID. Gut microorganisms,
mammalian metabolism and personalized health care. Nat
Rev Microbiol 2005; 3: 431-438 [PMID: 15821725 DOI: 10.1038/
nrmicrol1152]

Gosalbes M], Durbédn A, Pignatelli M, Abellan J]J, Jiménez-
Hernandez N, Pérez-Cobas AE, Latorre A, Moya A.
Metatranscriptomic approach to analyze the functional human
gut microbiota. PLoS One 2011; 6: €17447 [PMID: 21408168
DOI: 10.1371/journal.pone.0017447]

Simon C, Daniel R. Metagenomic analyses: past and future
trends. Appl Environ Microbiol 2011; 77: 1153-1161 [PMID:
21169428 DOI: 10.1128 / AEM.02345-10]

Kolmeder CA, de Been M, Nikkili ], Ritamo I, Mitts J, Valmu
L, Salojérvi J, Palva A, Salonen A, de Vos WM. Comparative
metaproteomics and diversity analysis of human intestinal
microbiota testifies for its temporal stability and expression
of core functions. PLoS One 2012; 7: €29913 [PMID: 22279554
DQI: 10.1371/journal.pone.0029913]

WJG | www.wjgnet.com

132

133

134

135

136

137

138

139

140

141

814

Heinken A, Khan MT, Paglia G, Rodionov DA, Harmsen
HJ, Thiele I. Functional metabolic map of Faecalibacterium
prausnitzii, a beneficial human gut microbe. | Bacteriol 2014;
196: 3289-3302 [PMID: 25002542 DOI: 10.1128/]B.01780-14]
Phua LC, Chue XP, Koh PK, Cheah PY, Ho HK, Chan EC.
Non-invasive fecal metabonomic detection of colorectal
cancer. Cancer Biol Ther 2014; 15: 389-397 [PMID: 24424155
DOI: 10.4161/ cbt.27625]

Marchesi JR, Holmes E, Khan F, Kochhar S, Scanlan P,
Shanahan F, Wilson ID, Wang Y. Rapid and noninvasive
metabonomic characterization of inflammatory bowel
disease. | Proteome Res 2007; 6: 546-551 [PMID: 17269711 DOI:
10.1021/pr060470d]

Jansson J, Willing B, Lucio M, Fekete A, Dicksved J, Halfvarson
J, Tysk C, Schmitt-Kopplin P. Metabolomics reveals metabolic
biomarkers of Crohn'’s disease. PLoS One 2009; 4: 6386 [PMID:
19636438 DOIL: 10.1371/journal.pone.0006386]

Le Gall G, Noor SO, Ridgway K, Scovell L, Jamieson C, Johnson
IT, Colquhoun IJ, Kemsley EK, Narbad A. Metabolomics of fecal
extracts detects altered metabolic activity of gut microbiota in
ulcerative colitis and irritable bowel syndrome. | Proteome Res
2011; 10: 42084218 [PMID: 21761941 DOI: 10.1021/ pr2003598]
Franzosa EA, Morgan XC, Segata N, Waldron L, Reyes ],
Earl AM, Giannoukos G, Boylan MR, Ciulla D, Gevers D,
Izard J, Garrett WS, Chan AT, Huttenhower C. Relating the
metatranscriptome and metagenome of the human gut. Proc
Natl Acad Sci USA 2014; 111: E2329-E2338 [PMID: 24843156
DOI: 10.1073/ pnas.1319284111]

Nielsen HB, Almeida M, Juncker AS, Rasmussen S, Li
J, Sunagawa S, Plichta DR, Gautier L, Pedersen AG, Le
Chatelier E, Pelletier E, Bonde I, Nielsen T, Manichanh C,
Arumugam M, Batto JM, Quintanilha Dos Santos MB, Blom
N, Borruel N, Burgdorf KS, Boumezbeur F, Casellas F, Doré J,
Dworzynski P, Guarner F, Hansen T, Hildebrand F, Kaas RS,
Kennedy S, Kristiansen K, Kultima JR, Léonard P, Levenez F,
Lund O, Moumen B, Le Paslier D, Pons N, Pedersen O, Prifti E,
Qin J, Raes ], Serensen S, Tap J, Tims S, Ussery DW, Yamada
T, Renault P, Sicheritz-Ponten T, Bork P, Wang J, Brunak
S, Ehrlich SD. Identification and assembly of genomes and
genetic elements in complex metagenomic samples without
using reference genomes. Nat Biotechnol 2014; 32: 822-828
[PMID: 24997787 DOI: 10.1038 /nbt.2939]

Mitra S, Forster-Fromme K, Damms-Machado A, Scheurenbrand
T, Biskup S, Huson DH, Bischoff SC. Analysis of the intestinal
microbiota using SOLiD 16S rRNA gene sequencing and
SOLiD shotgun sequencing. BMC Genomics 2013; 14 Suppl 5:
S16 [PMID: 24564472 DOI: 10.1186/1471-2164-14-S5-516]
Culligan EP, Marchesi JR, Hill C, Sleator RD. Combined
metagenomic and phenomic approaches identify a novel salt
tolerance gene from the human gut microbiome. Front Microbiol
2014; 5: 189 [PMID: 24808895 DOI: 10.3389/ fmicb.2014.00189]
Lee S, Cantarel B, Henrissat B, Gevers D, Birren BW,
Huttenhower C, Ko G. Gene-targeted metagenomic analysis
of glucan-branching enzyme gene profiles among human
and animal fecal microbiota. ISME ] 2014; 8: 493-503 [PMID:
24108330 DOI: 10.1038/ismej.2013.167]

P- Reviewer: Chen CY, Chen YC, Streba LAM
S- Editor: Qi Y L- Editor: AmEditor E- Editor: Liu XM

January 21, 2015 | Volume 21 | Issue3 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

“‘ ‘ HH Il
7 5 ‘

9777100793204 ‘|

© 2015 Baishideng Publishing Group Inc. All rights reserved.




	803
	WJGv21i3-The Back cover

