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The next generation...

Metagenomics

To elucidate the bacterial gene pools in environments,
deeply sequencing the entire genomes extracted from
bacterial community without cultivation

Genome analysis against “Microbiome”



Metagenomic analysis

» %» -

Microbiome DNA Bioinformatics
sampling extraction sequencmg analysis




Both genomic and metagenomic data
stored in public Databases

Microbial genome data (NCBI RefSeq DB)

Taxonomic division Genomes

Metagenomic data

Env. metagenomics Human metagenomics

JGI IMG/M 1,694
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The lmpurtance of Metadata| The New Science of Metagenomics: Revealing the Secrets of Our Microbial Planet
The National Academy of Science, 2007

Metadata are data about data (Gray et al. 2005). They are also about biology.
Metadata are the descriptions of sampling sites and habitats that provide the context for
sequence information. Metadata are of great importance for metagenomic sequence data
for two reasons. First, only by fully describing the samples from which metagenomics
sequences have been obtained can one have any possibility of replicating a study.
Samples from environmental or biological sources can never be fully replicated, but it 1s
important that samples be sufficiently well described for an independent researcher to
have the possibility of resampling. Second, metadata are essential for the analysis of
metagenomics sequence data. Metagenomic sequence data that lack an environmental
context have no value.

Metadata are the description of sampling sites and habitats that
provide the context for sequence information

Human microbiome:
Age, Sex, BMI, Body habitat, Country, Diet, Disease stage, Family relationship ...

Environmental microbiome:
lat / long, pH, Depth, Dissolved oxygen, Wind speed, Total nitrogen, Temp. ...



Metagenomic analysis is performed in a variety of environments,
and its massive data is stored in the public databases

hot spring sediment

Identifiers SRA: SRS15247F1
COrganism human skin metagenome =
unclassified seqguences; Metagenomes; onganis mal V C . C C
Attributes calcium 3.3
chloride 13.9
magnesiunm 3.33
nitrate o116
ph 4.98 Temperature
potassiunm 5.85 H
sulfate 1856 p
temp 73.5 Anion & Cation
Extra attributes biclogical_specimen hot spring sediment Long/Lat
env__biome hot spring .
env_feature spring
env__matter sediment
latitude A4 TG
longitude 11043
sample_name wWBoa-2
Description black sediment
Submission Colorado School of Mines, Chuck Pepe-Ranney; 2011-01-12
1D 190846

Use of both metagenome sequence data and its metadata will
enable the large-scale comparative metagenomic analysis



Microbe P integrates lots of data related to microbes.

Especially, we integrates the microbial data that can be linked to genomes.
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O Microbe ' "

http://microbedb.jp/
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Integration of microbe’s data centers around genome information

Phylogenetic information
Environmental information
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RDF iIs a standard data model of Semantic Web technology

Data model which uses Triples

(Subject — Predicate — Object) _:Heenel :;-
00
s -
Genomel = Escherichia

RDF (Resource Description Framework) RDE

S

<URI> <URI> <URI>/Literal
gtps:Genel rdfs:label “16S rRNA gene”

y
|

coli

|
i)

u : has :.-.h

Organism1 Genome

URI node can be linked to other nodes u Organismll :/A
s F<&>Cos <> D
Ontology
s <E>Co X _|_I > Triple store
1 »

—

y

SPARQL

Search

M\l)

To prepare data in RDF,
the database management system automatically recognize same resources.



An example of RDF relationships for E. coli K-12 genome data

0bo:SO_0000340 rdfitype —_— RefSeq
name Species ID Genome
jeCt:

biopro

0bo:50_0000155 RefSeq |
SRA ID Genome ID rdfs:label : pro ; gctDataType
1
(Metagenome) NC_000913.2  rdfs:seeAlsd rdfs:seeAlso
MBGD NCBI RefSeq NCBI
Species ID BioProject ID Taxonomy ID
p— ‘ o/ 1119 P rdfsiseeAlse 511145
Species ID NBRC

Ecol_K12_MG1655 INSDC 225 Strain ID

BioProject ID NBRC,“3301

I

I

I

I

I

i

Lo/ &mo

ID

Chromosome
obo:SO_0000340
Plasmid
, SIS bioproject,
projectDAtaType
Growth medium

obo:SO_0000155 rdf:type
U00096.2

I

- ]

Q Genome H !
1 Replicon 11D Q 21 Genome 1 ID sequencin _ I I

9 5 rdfs:seeAlso =' !

. I

O 1 Genome 1 ID <= Ontology Mapping H !
GOLD Card ID i !

I 1

1 1 !

Various types of data are integrated within -' Gc00008
i .PDO ID ‘

a genome sequence, and we can retrieve
all information about E. coli K-12 by Pathogen Habitat
following these graphs.



How to integrate the data from two different DBs?

DB 1 DB 2

f/ 00037 D
Genel —" G0:00037
= /\ ’ X
Organism can
1

S e Produce i
cenone? @‘@ =  Compoun
2 Compoun
Enzyme 1 0 ‘ o

1 A
Organism 1 %@

S

Genomel

H| Organisml

Genome

|

Organism1
owl:
sameAs

1. When two DBs use same URI, already two DB’s data are integrated.
2. If not, you can integrate two DB’s data by adding one Triple (db1:A owl:sameAs db2:B

]

You don’t need to place all of these data in one DB management system.

How can we discriminate whether two DB’s resources are same or not?



You should describe your resource by using some Ontologies

Ontology is a structured controlled vocabulary to describe properties and types of resources.

For example, to answer: What is soil? What is a relationship between soil and sand?

MEO (Microbes Environmental Ontology) PDO (Pathogenic Disease Ontology)
¥ Thing v @ 'Disease involving body sites’
V- @atmosphere . » @'Breast disease'
| aerobic environment ' s . '
. @ aerosol > IC_BFEIID?BSELI'BF dlse_ase .
»- @ 'anaerobic environment’ > Digestive system disease
v-- @ geosphere » ©'Immune system disease'
b I "geographic feature and biome’ » ©'Musculoskeletal system disease'
b 'rock, sand and soil’ » ©'Nervous system disease’
»-- @ sediment o » ©'Reproductive system disease'
¥ @ 'human activity association’ . 'Respiratory system disease’
> ‘artificial natural environment’ > wkin disease’
B food > g ic di .
. fuel : 1,u'_sl:n'emll: Isease .
b ® 'large-scale artifact’ > @ Urln:-lr.'yr system dl.v:ease_ . .
% @ 'liquid artifact’ » ©'Disease involving unidentified body site
B @ 'small artifact’ . . .
b ® 'waste treatment’ MCCV (Microbial Culture Collection Vocabulary)
¥-- @ hydrosphere
B '"aquatic feature and biome'
b Wice MSV (Metagenome Sample Vocabulary)
b O water
¥-- @ 'organism association’ . .
= Lf'"i"?a' associated’ MPO (Microbial Phenotype Ontology)
B iofilm
b 'excrement and secretion’
- @ 'fungi associated” MBGD Ortholog Ontology
B ‘organic feature and biome
k- 'plant associated’
B 0 'symbiotic microbe’

Most of them can be obtained from




Metagenome/Microbes Environmental Ontology
(MEO) Ver. 0.3

MEO describes the vocabulary related to microbial habitat information

Thing
atmosphere geosphere hydrosphere organism human activity
(MEO:0000001) (MEO:0000002) (MEO:0000004) association association
| | | (MEO:0000005)  (MEO:0000003)
- air * soil “sea | | | ’ |
*0Xic *forest *lake “rumen -bioreactor
sanoxic *plain *water *mucus farm

°rhizosphere *natto

We mapped the MEO terms to the metagenome metadata terms

Example isincludedto )
MetagenomeMetadata: sand > MEO: soil




Questions: What are the enriched genes in high temperature environment?
Who have these genes

?
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More than 1 billion

Triples!

9524 g BA YERk 7T c)ZF L

refseq RefSeq Prokaryotes/ LT —%4 DBCLS 550,273,744
mbgd MBGD OrthologT—%4 HA 291,714,037
gtps GTPSY / LiT—4 Bt 197,069,932
caxonomy B;ARQLthonﬂ’Emu:NCBI TaxonomyZ4 > rAS—H B IR DBCLS BIEH & T X 10183714
metal6S & SRSAR16SD R T—4 BEIK 9,831,600
gazetteer MIBA O — AN AES 7,062,536
srs_metadata |SRSAAR16S: AR5 ) L DK REART—4H BHIK 4982739
srs_ortholog  |&SRSA%Z%4/ LLODMBGD Orthologiffl 5% RIKEAE 2,026,746
g0 GeneZA > hAT— A\ BB RS 1,211,571
brc JCM/NBRCE T —% with NCBI Taxonomy ID B{=H I K DBCLS 903,319

e = S ——
gold ig)_l.ngEli‘:l’r/Ad)MEo%f\(J)ﬂ-/m/ TvEVY 2 T % DBOLS 150.899
ore SES)‘\"}LJ6S')‘9’7‘/A0)MEO%’\0)7J"/|~D‘/—7“JE 2 =T A 53,691
ETT—4
e SequenceA > tO— S ER#E RS 43,060
BRPEA O — + ERA O — + 5/ LADA R

pdo FoROS—TE s T4 RIX 8,809
meo MEYOEBREA O — BRI X 4,975
msv SRSAS16S* ARHY ) LD AT —ARA O — BIK 1,601
mpo WMEWM I/ ZATA o O — DBCLS 734
mccv BiEAFAS— B T K,DBCLS 293
Z Dt efE LD DTF—HREETZRDSPARQLY Y [LEL V=6 . MSS T
T—43 MSSHEEHERD T —3%1ERL ’
&5t 1,075,964,773




http://microbedb jp/

800 MicrobeDB g

O Microbe

| | Search |
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Stanza Development

To obtain biological knowledge from low data (sequence
and metadata), we developed a variety of “Stanza’,
which is a compact, modular, and reusable application for

data analysis.
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Stanza categories in MicrobeDB.jp

Gene Definition

Gene Publication Sample Function

Ortholog Definition Mapping to Environment (Chromosome)
Mapping to Environment (Plasmid)

Gene Annotation
Ortholog Group Members
Ortholog Cluster

Genome Information
GTPS Gene/Genome Feature
RefSeq Gene/Genome Feature

Ortholog Abundance among Environments
Ortholog Abundance in Environment

Disease Definition
Environment Definition
MEO Hierarchy

MEO Ontology View
Metal6S Sample List
Metagenome Sample List
Numeric Metadata Histogram
Sample Definition
Sample Metadata

SRS Cross Reference
Symptom List

GTPS Genome
GTPS Genome Definition
Other Collection Numbers
Pathogen Information
Phenotype Information
RefSeq Genome

RefSeq Genome Definition
Strain Definition

Strain Genome

Strain Reference

Taxon Definition

Taxon Hierarchy

Genome-Sequenced Strains
Sequenced Genome List

Strain List

Taxonomic Composition of Genomes
Taxonomic Composition of Meta 16S
Human Meta Body Mapping

Strain Metadata



Cost per Raw Megabase of DNA Seguences

Moore's Law
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National Human Genome
Research Institute

genome.gov/sequencingcosts

A

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Data from the NHGRI Genome Sequencing Program (GSP)
http://www.genome.gov/sequencingcosts/
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