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Bioinformatics tools and applications in the study of
environmental microbial metagenomics
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Abstract: The development of high-throughput sequencing technology promoted the wide applications
of omics in the study of environmental microbiology. Among all omics technologies, metagenomics is
the most critical and widely used method at present, while bioinformatics plays a very important role in
its applications. The bioinformatic technologies were involved in metagenomics data collection,
storage, preprocess and analysis. Therefore, it is not only the key of metagenomic development, but
also the bottleneck for its implementation. This paper introduces the commonly used bioinformatic
pipelines in both shotgun metagenome and amplicon of high-throughput sequencing. In next few years,
the decline in cost and the increase in depth of high-throughput sequencing will dramatically elevate
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the difficulty on the analysis of metagenomic data. It is imperative to pay more and more attentions to
develop the bioinformatics tools and analysis pipelines. Nowadays, we should strengthen the
construction of fundamental analysis and storage platform to facilitate the data mining for ordinary
microbial researchers. Meanwhile, we should develop more bioinformatic algorithms and tools to
overcome the current bottleneck in the analysis of metagenomics.

Keywords: Environmental microbiology, Metagenomics, Bioinformatics, High-throughput sequencing

HAET, AZStau s ALpiE B, #r
AR R IETEZ A EDR . DIFER TR AN
RERFERE . BN FHEAR M DGR FIRSE & X
MRS Z — EPE RS 20 A 80
AEAR R Bt N3 R L3R 9 03 i %A i — 1)
A SCERHY ) AN R X bR =)
‘BB T2 G B E R R F BOR g e A A= 4
SRR B, SRR BRI A . 5
SRR B BAR L, ST PRAE SR — AN B2
AR KB BOR Z hp HE K, R TR
TR KERHC I A i B, LA SRR 5 2
MR . A5 TS8R s B AR TS,
SRes, FEAEYEAR D, Dl iy aoR
A% U B 3T — AR AR 0 R 3 A A AR A, 1 Rk el A
HAEYFIF S . REEY RIS, 45k
B 0 7 2 WA SR T B B A B T B
AR B AR AR R I L X — Rk U0, A
I, A5 B A A b 2 A S i ok
ANA] R R b SR B BB 1O AR SO S A )
T S S E IR A R ATk o SR 7 R TR A 2 T
Y 132 RS R AE R )R

1 REN4¥
1.1 AFEARBEE SRR

ISP RIS AL . S5 L SIS AIEhEERY)
RABTTE, (A A HOR PR E T s
B3 T R SR A R R ISR | B
A EAA . A EAY R TR TS
XEEERE, BT AR A BO LA 5%
P S A Al B ) o AR i, IR TE
HUIRH AV RRA R BIMH IR . RS
TRITIRERY IR | LW SRR G AR L LUK

BEVR 250 5 AR B RGN OB SRR A T Rl 2 ]
FE2030 b LI R AR AL DR F A Ay Jefi
(1% 7 R R 4 A2 E i A O SR U R 20 2% Jr ik
A A E B A T IR . R TF A
A R E A AL Tl
BB, (HEfIEEREE R R R RE 1.

Bl R SE 2R IR, DR E T TR
PRI oK, K, =R, EEARSE
IEEPMEY), KRG LB N R 2 i
L FRA TR AIAP ), il 2 R A
PR T — 3R B A sk i S, TR REAS 1S
BRRATTE— 25 T A G eV 1 154508 ) A g
TGS I A A AR TV ZE LR e K
Belis, A4 B AT A 2B AR A= A8 — 2 e A
T BRI E s,
1.2 REREZF

TR E(WFRICEER A F), RIRERE S
A i E S R 2 4 OB TS B AR AN 0 AR
SIPTRT G RISEES H Y, FRRE Wi 2 R R 5
FEAR FRTLAZN MAZBEA rDNA (BRI 4 16S
rDNA 5 L% 18S.28S rDNA il ITS) 4325 F1 % &
THREFE DR (A0 P A S nifH SERFN s 5L 4R AL g
amoA JE[HSE) I ZREMERI 2500, DL R AR gk
4] DNA BRI P FIAHTaE . T ASEE0 T Bk
F, HETPEE A 2 5 R A5 D v
KB AR =, DASEDRLES B A R il 3 R
WA . X PR AR A PR AT, SRR
AHEARIETCAR DNA ARG s, BF
LB REMURE P 1 2L 4 R sl B ) RE Y
HEFR, it RGP 8k e ORI R e T e
008 PN I ek o S 7 N S B 3 56 w7y il Bl B N

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



892 WA 3@ Microbiol. China 2015, Vol.42, No.5

S GRS

Environmental microbial omics Environmental geochemical parameters

M2

//////H\\\\\\ |

HHEArDNA FEIRIEIRI 2 |
A R — ) RE L R AG o S 2 Bl [ 2R A
Measurement of ribosomal DNA Measurement of whole genome,
or other single functional genes transcriptome or proteome

T

El1 FREHEVEFERSHEBESHES USTERARTS TREDR ZHERFNTEE
Figure 1 Microbial community composition and function in natural condition were revealed by environmental microbial
omics technologies and environmental geochemistry measurement
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Table 1 Commonly used bioinformatic pipeline and its description

AV YN

Pipeline and its entrance

T8

Range of application

T H K H IR
Important tools and its functions

ARB™
http://www.arb-home.de/

Genboree Microbiome Toolset!””

http://genboree.org/theCommons/projects/
pub-gen-microbiome

Mothur!™"

http://www.mothur.org/

Orione!™

http://orione.crs4.it/

PHYLOSHOP™

http://omics.informatics.indiana.edu/mg/phyl

oshop/

P HTIR

(rDNA amplicon sequence)

Visualization and Analysis of Microbial

Population Structures (VAMPS)/¥
http://vamps.mbl.edu/

Quantitative Insights Into Microbial Ecology

(QUME)"*7%
http://qiime.org/index.html

Ribosomal Database Project
(RDP)77-78)
http://rdp.cme.msu.edu/

BioBakery
https://bitbucket.org/biobakery/biobakery/
wiki/biobakery wiki

TRFER A A

(Shotgun metagenome sequence)

Sequencher: F[H 21 #f2

PT Server/SINA: J341 Hxt

MARK: tHERGR B

BLAST: HAIAHZ74

RDP Classifier: #JFpER

cd-hit, mothur, and uclust: A& OTU %

Chimera Slayer: {44

UniFrac: 4t

RDP: JfiimfE]

NAST, SINA, and RDP aligners: J¥41 Ht X}
DOTUR, CD-HIT and SONS: J¥4I4 R, i
[-LIBSHUFF/TreeClimber/UniFrac: Ffi& 45446
FastX and FASTQC: JfifFi i

de Bruijn graph, ABySS and SPAdes/SSAKE, Edena:
LR P

Glimmer and tRNAscan-SE: JE[RI 4 HERE

HMMER search: J& [ 20 1]

ChimericSlayer: & AAG:]

RDP, NCBI or Hugenholtz: #Jfh432k

Fast UniFrac: AR 9 2H BRI ZE #4 LA

BioPerl scripts: St il R RN 432

UCLUST, oligotyping, SLP and CROP: OTU 432
Taxonomy Tables/Heatmap Comparison: #£7& AJ #14L
TH

Denoiser/AmpliconNoise: i &%l
PyNAST/Infernal : J¢41 Hext

ChimeraSlayer: k&AM

RDP Classifier/RTAX and USEARCH: #1432k
FastTree/RAXML and pplacer: 4% R 5L B K
Emperor: AT

RDP Aligner: F¢31 EbX}

RDP Classifier: #Jfj432

Tree Builder: & RS A FH

Defined Community Analysis and Chimera Check: #f
FZimliees N walll

MetaPhlAn: F#EF2H AT

PICRUSt: [KIZH Dy RETIN
PhyloPhlAn: H#H RS A B H

GraPhlAn: AL EFIRGLEREE
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Cloud Virtual Resource (CLoVR)"”
http://clovr.org/

Community Cyberinfrastructure for
Advanced Microbial Ecology Research and
Analysis (CAMERA )"
https://portal.camera.calit2.  net/gridsphere/
gridsphere?cid=microgenometab

EBI Metagenomics™"!
https://www.ebi.ac.uk/metagenomics/

Galaxy™*

http://galaxyproject.org/

Integrated Microbial Genomes System for
Metagenomes

(IMG/M)®
https://img.jgi.doe.gov/cgi-bin/m/main.cgi

JCVI Metagenomics Reports
(METAREP)®7¢
http://www.jcvi.org/metarep/

MEtaGenome ANalyzer

(MEGAN)®7#8]
http://ab.inf.uni-tuebingen.de/software/megan
5/

MetaGenomics Rapid Annotation using
Subsystem

(MG-RAST)®
http://metagenomics.anl.gov/

MetAMOS"™”!
http://marbl.github.io/metAMOS/

Celera assembler/Velvet: J&KZHPf%&

Glimmer3: Z& K28 il

BLASTN against RefSeq: #JF432%

BLASTX against COG: ZhRESME

BLASTX against UniREF100 and COG, HMMER
search against Pfam and TIGRfam: IEEHFR:

Metastats: LM
GIS Query: ¥ffrif
QC Filter and 454 Duplicate Clustering: Jii g4l
454 Read Assembly: FE[E 2 PrE
Metagenomic Data Annotation and Clustering
workflow: ZIREFRERIFRIE
BiopythonSeqIO package: Jii 42 il
InterProScan 5: IhRETMN
RDP classifier and Greengenes: 432543#7
UCSC: HE[RZHTERE
Fetch Alignments/Multiple Alignments: J¥41 Eb Xt
Plotting tool: %#a2=&]
Phylogenetic Tree: ARG L B M
Lucy and DUST: Jfi 42
CRT and PILER-CR: J[KI 21 #iil]
Pfams, COGs and hmmsearch: ZEEFFE
SNP VISTA: SNP A4k,
Abundance Comparison tool: & & FL#
SOAP de novo assembler: F& K ZH Hf%&
JPMAP/HUMAnN: FE[R 8¢
NCBI taxonomy (family level)/KEGG pathways
(pathway level): 24047
METASTATS: Siil2&45
Compare Page: AN[RITIREFN /328K -1 250 LA
BLAST: J74l 4
NCBI taxonomy: HJFh4r2s
SEED/KEGG/COG/EGGNOG: HIfE4#r
PCoA: J32EFITNRE T
SolexaQA/DRISEE/Bowtie: JFt#a il
FragGeneScan: K&K Tl
NCBI taxonomy: #JF4rJs
SEED FIFfams: g2
LCA: ZpJEUERE
SEED: J:PHIZH 1
Analysis page: JIHEST
FastQC and Bambus 2: Jiie il
HMP: JEFEZH PR
FCP and Bowtie: FE:PFZH7HR
BLAST: Mg
Ruffus: J5&ALHL
(1525
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MOCAT®!
http://vm-lux.embl.de/~kultima/MOCAT/

Parallel-META""**
http://www.computationalbioenergy.org/paral
lel-meta.html

Rapid Analysis of Multiple Metagenomes
with a Clustering and Annotation Pipeline
(RAMMCAP)*¥
http://weizhong-lab.ucsd.edu/rammcap/cgi-bi
n/rammcap.cgi

Short Oligonucleotide Analysis Package
(SOAP)*>!

http://soap.genomics.org.cn/

Simple Metagenomics  Analysis  Shell
formicrobial communities

(Smash Community)®”!
http://www.bork.embl.de/software/smash/
WebCARMAP)
http://wwww.cebitec.uni-bielefeld.de/webcar
ma. cebitec.uni-bielefeld.de/
WebMGA!""
http://weizhongli-lab.org/metagenomic-analy
sis/

(Z:3R)
FastX and SolexaQA: Jii &4l
SOAPaligner/USEARCH: F¢41l Xt
SOAPdenovo and BWA : FE[RI 4 Prs
Prodigal/MetaGeneMark : &K 2 i)
mOTU: #Fhsy2
POSLX thread, OpenMP, and CUDA . & [K| ZH i Al
Here Velvet: FE[H 2 #f%
GO-term annotation and SEED annotation: LJRESMIT
Krona: Zr2R&5H A A4
SVG: DIREZs T HLiL
CD-HIT-454: [k
CD-HIT-EST: JF3IHAK
CD-HIT: ORFs %
HMMER/RPS-BLAST: ORFs {F#%
SOAPaligner/soap2/SOAP3/GPU: J#41 Hxif
SOAPsv: fAHZEHAE S
SOAPdenovo: FtF41Pf%e
Lucy: Jorediil
Arachne and Celere: FE[R41 P25
GeneMark and MetaGene: & [KI 41 il
BLAST and HMMER : #fifi 432
HMMER variant: H8E4M2

QC-filter and SolexaQA : Jii &l

CD-HIT-EST, CD-HIT, H-CD-HIT and CD-HIT-454:
JFENRA

HMMER3 and RPS-BLAST: Ihfgi R

FNA-stat and FAA-stat: 5514511

A
Expectes future sequencing costs Expected future experimental time period
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- ¢ Compute cost ) I » Seq time

g 3 Experiment
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2 o
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2 g
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Figure 3 Estimation of sequencing of financial and time cost in metagenomic study in next ten years (2010—2019)
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Note: A: Estimate of the average sequencing and calculation cost of each raw sequence (read); B: Estimate of the average time cost of
experiment, sequencing and data analysis in the next decade.
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