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Abstract: Animal gastrointestinal tract contains a complex community of microbes, whose composition ultimately
reflects the co-evolution of microorganisms with their animal host. The gut microbial community of humans and animals
has received significant attention from researchers because of its association with health and disease. The application of
metagenomics technology enables researchers to study not only the microbial composition but also the function of microbes

in the gastrointestinal tract. In this paper, combined with our own findings, we summarized advances in studying

gastrointestinal tract microorganism with metagenomics and the bioinformatics technology.
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Table1l Common software for metagenome assembly

Algorithm Software Website Reference

ARACHNE www.genome.wi.mit.edu [9]

Overlap/Layout/ PCAP xqhuang@cs.iastate.edu [10]

Consensus (OLC)  ¢lera Assembler http://wgs-assembler.sf.net [11]
MAP http://bioinfo.ctb.pku.edu.cn/MAP/ [12]
SSAKE http://www.bcgsc.ca/platform/bioinfo/software/ssake/ [13]
Velvet http://www.ebi.ac.uk/~zerbino/velvet/ [14]
ALLPATHS jaffe@broad.mit.edu [15]
ABySS http://www.bcgsc.ca/platform/bioinfo/software/abyss [16]
RAY http://deNovoAssembler.sf.Net/ [17]
SOAPdenovo http://soap.genomics.org.cn/soapdenovo.htmL [18]

DeBruijn graph Genovo http://www.cs.stanford.edu/group/genovo/ [19]
Meta-AMOS http://sourceforge.net/apps/mediawiki/amos/index.php?title=AMOS [20]
Meta-IDBA http://www.mybiosoftware.com/assembly-tools/7066 [21]
MetaVelvet http://metavelvet.dna.bio.keio.ac.jp [22]
khmer https://github.com/ged-lab/khmer [23]
IDBA-UD http://www.cs.hku.hk/~alse/idba ud [24]
MOCAT http://www.bork.embl.de/mocat/ [25]
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Table 2 Common software for gene prediction

Software Website Reference
MetaGene http://metagene.cb.k.u-tokyo.ac.jp/ [28]
MetaGeneAnnotator http://metagene.cb.k.u-tokyo.ac.jp [29]
Orphelia http://orphelia.gobics.de/ [30]
GeneMark.hmm http://exon.gatech.edu/GeneMark/metagenome/Prediction/ [31]
FragGeneScan http://omics.informatics.indiana.edu/FragGeneScan/ [32]
Glimmer-MG http://www.cbcb.umd.edu/software/glimmer-mg/ [33]

®3 REFRBEYMSXEEEAIR
Table 3 Common tools for taxonomic classification

Tool Website Reference
Greengenes http://greengenes.lbl.gov/cgi-bin/nph-index.cgi [34]
RDPclassifier http://rdp.cme.msu.edu/classifier/classifier.jsp [35]
SOrt-ITEMS http://metagenomics.atc.tcs.com/binning/SOrt-ITEMS/ [36]
Mothur http://www.mothur.org/ [37]
TACOA http://www.cebitec.uni-bielefeld.de/brf/tacoa/tacoa.html [38]
Treephyler http://www.gobics.de/fabian/treephyler.php [39]
QIIME http://qiime.org/ [40]
TaxSOM http://www.megx.net/toolbox/taxsom [41]
MetaPhyler http://metaphyler.cbcb.umd.edu/ [42]
Phymm, PhymmBL  http://www.cbcb.umd.edu/software/phymmbl/ [43]
RITA http://kiwi.cs.dal.ca/Software/FCP [44]
MetaBinG http://cbb.sjtu.edu.cn/~ccwei/pub/software/MetaBinG/MetaBinG.php [45]
NBC http://nbc.ece.drexel.edu/ [46]
CARMA3 http://webcarma.cebitec.uni-bielefeld.de [47]
MEGAN http://ab.inf.uni-tuebingen.de/software/megan/ [48]
PhyloPythiaS http://binning.bioinf.mpi-inf.mpg.de/ [49]
Parallel-META http://www.computationalbioenergy.org/parallel-meta.html [50]
AMPHORA http://wolbachia.biology.virginia.edu/WuLab/Software.html [51]
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Table 4 Common tools for metagenomic functional annotation

Tool Form Website Reference
KEGG Database http://www.genome.jp/kegg/ [52]
CAZY Database http://www.cazy.org/ [53]
MG-RAST Web service http://metagenomics.anl.gov/ [54]
IMG/M Web service http://img.jgi.doe.gov/m [55]
WebMGA Web service http://weizhongli-lab.org/metagenomic-analysis [56]
RAMMCAP Web service http://tools.camera.calit2.net/camera/rammcap/ [57]
STAMP Software http://kiwi.cs.dal.ca/Software/STAMP [58]
METAREP Web service http://jcvi.org/metarep/ [59]
CoMet Web service http://comet.gobics.de [60]
METAGENassist Web service http://www.metagenassist.ca/METAGENassist/faces/Home.jsp [61]
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Table 5 Identified enzymes from metagenome of animal gastrointestinal tract
Enzymes Source IS0 (it Numper 6if Reference
screened hits
B-glucanase Mice large-bowel 5760 3 [76]
Endoglucanase Cow rumen 14 000 9 [77]
Endoglucanase Cow rumen fluid 50 000 1 [78]
Cellulase Rabbit cecum 32 500 11 [79]
Cellulase/hemicellulase Termite hindgut _ 704 [80]
B-glucosidase Contents of buffalo rumen 126 000 118 [81]
Endoglucanase/p-glucosidase Cow rumen 10 000 3 [82]
Endoglucanase Contents of cow rumen 6 000 1 [83]
Endoglucgnase/[}-glucosidase/ Contents of buffalo rumen 15 000 61 [84]
cellodextrinase
Endoglucanase/p-glucosidase Contents of buffalo rumen 15 600 46 [85]
Sellltll(c))bgilcl)ll;:;g;isgsﬁéglucoSldase/ Bovine rumen _ 809 [86]
Glycoside hydrolases Foregut contents of wallaby . 557 [87]
Xylanase Cow rumen 15 360 18 [88]
Endoglucanase Human gut 704 000 11 [89]
Endogllucanase/ B-glucosidase/ Contents of cow rumen ~ 6067 [90]
cellobiohydrolase
Glycoside hydrolases Fecal samples of giant panda _ 448 [63]
B-glucosidase/xylosidase Yak rumen 4 000 2 [91]
Multifunctional glycosyl hydrolase Calf rumen 12 288 1 [92]
Cellulase Cow rumen 6 000 10 [93]
Cellulases/xylanases Termite hindgut 88 000 14 [94]
endo-cellulases/xylanases Bovine rumen 70 000 2 [95]
Cyclodextrinase Cow rumen 14 000 1 [77,96]
Amylase Human gut 15 600 6 [89]
a-glucuronidase Cow rumen _ 1 [97]
Esterase Cow rumen 14 000 12 [77]
Lipase Cow rumen 15 360 18 [98]
Esterase Calf rumen 12 288 1 [92]
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