Acta Microbiologica Sinica

2017, 57(6): 932-941
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20170070

l.. o5
Technology and Method EN=Pabza

A ¥ Varlax Z\
MEMHERBFREES W
— \ *
Tk, WER, BRA
100101
HES
(Metagenomics)
DNA
(WECC)
64863 EEEN 1Y

(human
microbiome project HMP) (earth microbiome
project EMP) (metagenomics of human
intestinal tract MetaHIT) MG-RAST iMicrobe
(integration microbial genomes IMG) EBI Metagenomics
KA

35
99%
(1]
)
EEWH: (2016YFC0901702 2016YFB1000605) “863 ”(2015AA020108)

“BIEVEE. Tel +86-10-64807422 Fax +86-10-64807426 E-mail ma@im.ac.cn
Wi HEA: 2017-02-16 1EEIHER: 2017-04-04 WLEHARAHA: 2017-04-11



,2017, 57(6)

933

2) Silvay 15 mL
(9-13)x10’ (21
1 mL
3)

(4)

1 BREWNFEARGHEDA TG
1.1

1997 2005 Sanger

Sanger

(NextGen sequencing NGS)

Bl NGS
GS20 454
[6]

(GA)!  Illumina Miseq Hiseq TruSeq™

Solexa ( [llumina) Genome Analyzer

PacBio”  Oxford Nanopore!'”!

16S rRNA

1.2
20 60

microorganisms WDCM)

(world data centre of

(global catalogue of microorganisms

GCM) 37

600

2010

[11]

WDCM

http://journals.im.ac.cn/actamicrocn



934

Heyuan Qi et al. | Acta Microbiologica Sinica, 2017, 57(6)

2 EREZEBRENAFHARE ST E

(human microbiome project HMP)
(earth microbiome project EMP)
(metagenomics of human intestinal

tract MetaHIT)

HMP
(data analysis and coordination center DACC)
EMP GA EM-AG EM-VIP

MG-RAST IMG iMicrobe
EMG
2.1

(NIH) 2008

(human microbiome project HMP
2008-2013 integrative human
microbiome project iHMP 2013 yH

1.15

actamicro@im.ac.cn

554
12479  DNA
(metagenomics of human intestinal tract MetaHIT
20082012 ) 2120
124
576.7 Gb 330
2013
(earth microbiome
project EMP 2010 )4l
20

2014  EMP 30000
2.2

HMP (data analysis

and coordination center DACC)
( 16S
rRNA )

EMP



,2017, 57(6)

935

(1) GA (gene atlas)
(2) EM-AG (earth microbiome

EMP

assembly genome)

(3) EM-VIP (earth microbiome visualization portal)

4

EMMR (earth microbiome metabolic reconstruction)
MG-RAST!> 0!
iMicrobe
(integration microbial genomes IMG)!'"'® EBI

EMG (EBI metagenomics)!'”!
MG-RAST

MG-RAST

MG-RAST

MG-RAST

IMG

IMG MyIMG
MylJob

IMG

iMicrobe
(APP) FTP
iMicrobe (www.imicrobe.us)
APP
EMG
EMG
1
3 BAMA KBTS
3.1 16S rRNA
16S rRNA
OTU
alpha  beta
OTU 16S rRNA
OTU
OTU
[20-21] Uclust cd-hit Blast mothur
usearch  prefix/suffix %

http://journals.im.ac.cn/actamicrocn



936 Heyuan Qi et al. | Acta Microbiologica Sinica, 2017, 57(6)
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Table 1. Characteristics analysis of different microbiome platforms
Name Organization Taxonomy Functional Comparison Comparison Advantanced Connect to
annotation between samples between projects Search public database
MG-RAST gizgzgaﬁonal YES NO YES NO NO NO
IMG El(;ijgm Genome YES YES NO NO NO NO
iMicrobe  University of Arizona YES NO NO NO NO NO
EMG Eirt?i ‘:’Zn Bioinformatics y g YES YES YES NO YES
QIIME
Mothur  Schloss 1]
(beta ) Unifrac
Greengenes™ RDP™  Ez-Taxon!*>?¢ Bray-Curtis  Euclidean Jaccard index Yue &
SILVA®7 (Pairwise Alignment) (22] Clayton  Morisita-Hom!*?! Beta
BLAST? ) BLAT®” Usearch/Uclust”'! SINA
aligner™  RTAXP?! Bray-Curtis Unifrac
BLAST Jaccard index QIIME
BLAT BLASTn Unifrac
o) OTU
Usearch BLASTn Unifrac
30-200 16S rRNA
16S rRNA
OTU
ClustalW MUSCLE®  Clustal
Omega”” Kalign® T-COFFEE"” COBALTP® 3.2 WGS
FastTree”!
MEGA (whole genome sequencing WGS)
RAXxML MRBAYES PhyML TreeView Clearcut
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Table 2.  Analysis tools and reference databases for metagenomics

Function

Name

Quality control
Sequence assembly
Sequence alignment

Gene prediction

Functional analysis
Diversity analysis

Statistic analysis

Database

FastQC, Trimmomatic, NGS QC Toolkit
Meta-Velvet, META-IDBA, IDBA-UD, Genovo, MetAMOS, SOAPdenovo
BLAST, MegaBLAST, BLAT, LAST, SSAHA2, Bowtie, BWA-SW, SOAP2, BWA, FR-HIT, MAUVE

FragGeneScan, MataGeneAnnotator (MGA), Glimmer, Glimmer-MG, HMMer3, BLAST, RAPSearch2,
RAST, XBASE, RDP classifier, NBC, CARMA3, MEGAN, Sort-ITEMS, GeneMark, MetaPhyler
MEGAN, SmashCommunity, STAMP, shotgunFunctionalize R, ColVR-metagenomics, CloVR-microbe
QIIME, CloVR-16S, FANTOM

QIIME, cd-hit, mothur, EstimateS, SPADE, ShotgunFunctionalizeR, R-package, metagenomeSeq, GSEA,
MetaPath, MetaPhyler, STAMP, HUMAnN

RDP, SEED, COG, Greengenes, eggNOG, TIGRFAMs, NCBI NR/NT, Uniref100, FungiDB, KBase,
Phantome, SILVA, InterPro, UniProt, PATRIC
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Big data management and analysis of microbiome

. . . 3
Heyuan Qi, Qinglan Sun, Juncai Ma
Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Advances in high-throughput sequencing have allowed significant breakthroughs in microbial ecology
studies. This has led to the rapid expansion of research in the field metagenomics, which is often defined as the
analysis of DNA sequences from microbial communities in environmental samples without prior need for culturing.
Microbiome data management and analysis have caused concern for microbial researchers because of the dramatic
increase of metagenomics data. It has been a research hotspot that how to mine valuable information for further
application form such big microbial data. Till now, many metagenomics computational tools and databases have
been provided in order to allow the exploitation of the huge influx of data. In this review article, we provide an
overview of the sequencing technologies and international microbiome projects as well as the platforms for
microbial data archiving and analysis, such as Human Microbiome Project (HMP), Earth Microbiome Project
(EMP), Metagenomics of Human Intestinal Tract (MetaHIT), MG-RAST, iMicrobe, Integration Microbial Genomes
(IMG) and EBI Metagenomics and so on. We also discussed about the basic pipelines and main tools for
metagenomics data. Finally, we proposed the necessity of establishing a platform for multi-source microbial data
management and bioinformatic analysis.

Keywords: microbiome, metagenomics, data analysis, high throughput sequencing
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