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Primary Metabolic pathway: directly involved in normal

growth, development, and reproduction
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Secondary Metabolism: are not absolutely required for the survival of the organism.
Alkaloids are biosynthesized by primary metabolites such as amino acids nucleotide,
steroids, and secondary metabolites such as terpenoids..
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“CobWeb”

Please input MetaboliteName. Multiple searches are possible for MetaboliteName. The delimiter is : (colon)

| || show || Clear || Page Clear |
Please input SpeciesName. Multiple searches are impossible for SpeciesName
|Strept0myces ® | show || Clear || Page Clear |
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“CobWeb”

Please input MetaboliteName. Multiple searches are possible for MetaboliteName. The delimiter is : (colon)

|| show || Clear || Page Clear |

Please input SpeciesName. Multiple searches are impossible for SpeciesName.

|Streptomyces

® | show || Clear || Page Clear |
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“CobWeb”

from KNApSAcK

Please input MetaboliteName. Multiple searches are possible for MetaboliteName. The delimiter is : {colon).
| show || Clear | Page Cle:rl
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] Arg, Pro, Asp : Pyrrolidine/Pyrrolizidine Alkaloids
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Arg, Pro, Asp : Pyrrolidine/Pyrrolizidine Alkaloids

“CobWeb”

from KNApSAcK

3-Methylbutanoyl-CoA

Please input

H show H Clear || Page Clearl

Please input SpeciesName.
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H show H Clear || Page Clearl
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Legonindolizidine B

Pyrroline-5-carboxylate
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Metabolite Information Structural formula

N-Acetylioline TH3

MAL (8]

C10H16N202

19612117777 CH4

4914-36-7

C D 00023611 €3 .

InChlKey YIZSKLHCDNIMHE-YEXJWTGLNA-N

Zoom in
InChI=1S/C10H16N202/c1-6(13)11(2)9-8-5-12-4-3-7(14-8)10(9)12/h7-

LSS 0, 3.5H2,1-2H3AT- 8+.9-10+/m0/s1

SMILES 01[C@@HIZ[C@HI3N(CIC@@H]1[C@@HI3N(C)C(=0)C)CC2

Start Substs
in Alk.
Biosynthesis
(Prediction)
Kingdom Family Species Reference

Fungi Clavicipitaceae Epichloe cosnophiala e19 Ref.
Fungi Clavicipitaceae Epichloe coenophiala 4163 Ref.
Fungi Clavicipitaceae Epichloe festucae E2368 Ref.
Fungi Clavicipitaceae Epichloe uncinata 167 Ref.
Fungi Hypocreaceas Acremonium coenophialum Ref.
Flantae Poaceae Festuca arundinacea Ref
Plantae Poaceae Lolium arundinaceum Ref.
Plantae Poaceae Lolium cuneatum Ref.
Plantae Poaceae Lolium pratense Ref
- - Neotyphodium pratense Ref.
- - MNeotyphodium siegelii Ref.
- - Neotyphodium uncinatum Ref.
- - Neotyphodium coenophialum Ref.
- - Neotyphodium occultans Ref.

Fig.6



578 alkaloids with known starters, but 11,000 structure-known alkaloids with unknown starters.
Prediction of starting substances of alkaloids based on Graph Convolutional Neural Networks (GCNN

H BMC Bioinf., (2019) in press
| Ve Classification of alkaloids according to the

H/SZ\N/C\H Vg starting substances of their biosynthetic pathways
v, V3| o 0 using graph convolutional neural networks

0
0 0 H 8 0 Ryohei Eguchi1'2, Naoaki Ono™2", Aki Hirai {Morita)l, Tetsuo Katsuragi3, Satoshi Nakamura®2, Ming
1 0 0 Huang!, Md. Altaf-Ul-Amin® and Shigehiko Kanaya!-2
0 1
0
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Figure 1 schematic diagram of MGCNN. (a) Explanation of one hot vectors for a molecule, (b) Schematic diagram of MGNN (details are explained in the text). In
the one hot vectors for ith molecule visualized in (a), A; in (b) is set as 8.



Graph Convolutional Neural Networks
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The best 10 combination for six major starting substances in KNApSAcK alkaloids

L-Tyr

L-Tyr, L-Phe

L-Tyr, Secologanin

L-Tyr, Anthranilate

L-Tyr, L-Arg

L -Ty r L-Tyr, L-Arg, L-Asp
L-Tyr, L-Arg, L-Ala

L-Trp, L-Tyr, Secologanin

L-Tyr, Anthranilate, L-Phe

L-Tyr, L-Trp

L-Trp, Secologanin

L-Trp, Anthranilate

L-Trp

L-Trp, Anthranilate, L-Ala

L T L-Trp, L-Pro
= rp L-Trp, IPP
L-Trp, Anthranilate, IPP

L-Trp, L-Pro, Anthranilate

L-Trp, Anthranilate, L-Ala, IPP

L-Trp, Secologanin, IPP

L-Arg, L-Pro, L-Lys, L-Ala

L-Arg, L-Pro, L-Lys, L-Ala, L-Asp

L-Arg, L-Pro

L-Arg, Cholesterol

L_Arg L-Arg, L-Asp
L-Arg, L-Pro, L-Lys, L-Asp

L-Arg, L-Asp, Cholesterol

L-Arg

L-Arg, L-Pro, Cholesterol

L-Arg, L-Ala

L-Pro, L-Lys, L-Arg, L-Ala

L-Pro, L-Lys

L-Pro, L-Lys, L-Arg, L-Ala, L-Asp

L-Pro, L-Lys, L-Arg

L - P ro L-Pro, L-Lys, L-Arg, L-Asp
L-Pro, L-Arg, Cholesterol

L-Pro, L-Arg, L-Asp

L-Pro, L-Trp

L-Pro, L-Arg, L-Asp, Cholesterol

L-Pro

L-Lys, L-Pro, L-Arg, L-Ala

L-Lys, L-Pro

L-Lys, L-Pro, L-Arg, L-Ala, L-Asp

L-Lys, L-Pro, L-Arg

L— LyS L-Lys, L-Pro, L-Arg, L-Asp
L-Lys

L-Lys, L-Arg, L-Asp

L-Lys, L-Arg

L-Lys, L-Asp

L-Lys, L-Arg, L-Ala, L-Asp

L-Asp, L-Pro, L-Lys, L-Arg, L-Ala

L-Asp, L-Arg

L-Asp, L-Pro, L-Lys, L-Arg

L-Asp, L-His

L_AS L-Asp, L-Arg, Cholesterol
p L-Asp, L-Lys, L-Arg

L-Asp

L-Asp, L-Pro, L-Arg

L-Asp, L-Pro, L-Arg, Cholesterol

L-Asp, L-Arg, L-Phe, L-His

oy

o

500 1000 1500 2000 2500
The number of alkaloids
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Predicted Starting substances are reflected in KNApSAcK Core

D

input word = CO0026421

Dutadrupine

CATH15NO3

26110519335

60151-78-6

C00026421 %) .

BMUBFEHGKQEFRIQ-UHFFFAOY SA-N

INChI=15/C1TH15NO3/c1-17(2)8-6-10-13(21-17)5-4-11-14{10)18-16-12(7-9-20-16)15(11)
19-3/h4-9H,1-3H3

c12c(cec3etnee(c30C)cco1)0C(C=C2)(C)C

Anthranilate

Plantae Rutaceae Dutaillyea drupacea Bef.
Plantae Rutaceae Melicope erromangensis Bef.
Plantae Rutaceae Melicope semecarpifolia () Ref.
- - Almeidia coerulea Ref

Zoom in

Anthrani

late
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1 Log in / create account

SE172 View ]

e SE172:/

Public Pages
Metatu S
Community portal lower page 507
Current events
Help . Sample Set Information
(1] SE172
= Active User Ranking N
‘Sakura (6381edit/71SE) Title Untargeted metabolome analysis of foods using LC-MS (16) / LCMSIC &2 ERM J >4 —F v tX&FR0O—
Aratake (6255edit/46SE) LR (16)
Mikikot (1448edit/5SE) Description  Untargeted metabolome analyses of foods were performed using LC-MS. Food items were selected from the

more. Standard Tables of Food Composition in Japan-2005 (Seventh Revised Version) published by the Ministry of
e Education, Culture, Sports, Science and Technology, Japan (hereafter, refered to as the standard table). Metabolites

in foads were extracted with methanol, separated by reversed-phase LC and detected using a high-resolution mass

~ Toolbox spectrometry (LTQ-FT, ThermoFisher Scientific). Two different conditions (Method 1, and Method 5) were applied to
Special pages ES! positive mode defections, and Method 1 was applied to ESI negative mode detection. A series of different

printable version parameter settings for PowerGetBatch software were used for peak detection, and valid peaks were selected by an

Browise properties alignment of the resulted peaks with those detected from several mock samples. The detailed peak information
o including the results from compound database search and prediction of flavonoid aglycones using FlavonoidSearch
were published from the Faod Repository (http.//metabolites in/foods < )

‘The IDs mean as follows:
Sample ID: Prefix 'S + Food Item No. in the standard table + blanch No
+ The basic blanch No. is 1, and larger numbers were assigned for different types of the food items, and so on.

An international data aggregation and notification service for
metabolomics.

MO1: Method 1 for accurate mass measurement in ESI positive mode

M11: Method 1 for accurate mass measurement in ESI negative mode

MO5: Method 5 for acquire MS3 spectrum in ES| positive mode

M90, M91: Pseudo analysis representing a set of analyses used in the alignment for each positive and negative
analysis, respectively

[Japanese]
LeMSERL TERE / F—Fy hXSRO— LT UL BRE. Eﬁianuﬁfﬁﬁﬁzéjilﬂmﬁﬁm
(EE])  (CERIEE) (W TemnE] ) MARENLEOEBAT. A5/ L.

JBHPLCTREEL, BT —UITRUES S (LTQ-FT, ThermoFisher S nlemlﬂc) ld:%’,ﬁﬂﬁ 3

Metabolonote

137 datasets found matching food

Untargeted metabolome analysis of foods using LC-MS (16) /
LC-MSIC KBDBmMD S 29—y XA RO— BT (16)

Untargeted metabolome analyses of foods were performed using LC-MS. Food items were selected
from the Standard Tables of Food Composition in Japan-2005 (Seventh Revised Version) published by
the Ministry of Education, Culture, Sports, Science and Technology, Japan (hereafter, refered to as the
standard table). Metabalites in foods were extracted with methanol, separated by reversed-phase LC
and detected using a high-resclution mass spectrometry (LTQ-FT, ThermoFisher Scientific). Two
different conditions (Method 1, and Method 5) were applied to ES| positive mode detections, and
Methed 1 was applied to ESI negative mode '1=-t=-c ion. A series of different parameter settings for
PowerGetBatch software were used for peak detection, and valid peaks were selected by an alignment
of the resulted peaks with those detected from several mock samples. The detailed peak information
including the results from compound database search and prediction of flavonoid aglycones using
FlavonoidSearch were published from the Food Metabolome Repository (hitp:/metabolites.in/foods).
The IDs mean as follows: Sample ID: Prefix "S" + Food Item MNo. in the standard table + blanch No
&lowast; The basic blanch No. is 1, and larger numbers were assigned for different types of the food
items, and so on. MO1: Method 1 for accurate mass measurement in ES| positive mode M11: Method
1 for accurate mass measurement in ES| negative mode MO5: Methed 5 for acquire M33 spectrum in
ES| positive mode M90, M91: Pseudo analysis representing a set of analyses used in the alignment for
each positive and negative analysis, respectively [Japanese] LC-MSERWVWTERE J/ 2 —4 v -3
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Statistical information about this website.

Project ID Sample Experiments #Analysis o
] ) ] 3847
RPMMDO06 Metabolomic correlation-network [GC-TOF/MS analysis] 54
modules in Arabidopsis based on a
graph-clustering approach
RPMMO019 Physiological Roles of the beta- [Metabolites analyzed by GC- 36 m
Substituted Alanine Synthase Gene TOF/MS, Metabolites analyzed

Family in Arabidopsis
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- Presentations
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 ms-Metabolomics Standards Initiatve

(MsI)

The Standards

From November 2015: You will be redirected to the new MS| site http://metabolomics-msi.org/

The Metabolomics Society has appointed an Oversight Committee to monitor, coordinate and review the efforts of
working groups (WG) in specialist areas that will examine standardization and make recommendations. The overall
chair of this committee is Oliver Fiehn. The five MSI WGs, some of which are divided into further subgroups, are
listed here:

« Biological context metadata WG
« Chemical analysis WG

« Data processing WG

« Ontology WG

« Exchange format WG

The structure of the WGs thus follows the general “workflow” model in metabolomics: from a description of the
study design to sample workup, data acquisition, processing and export, bound together by controlled vocabularies
and relationships between the terms used

The MS| WGs are working towards developing the following standards

1. Core Information for Metabolomics Reporting (CIMR): This document will specify the minimal guidelines
reporting metabolomics work. It will do so in a textual form and will seek in the long term to cover all
application areas and analysis technologies. This document will be developed by the biological context
metadata WG, the chemical analysis WG, the data processing WG, the exchange format WG and the
ontology WG.

o

Ontology: The CV and ontology will be developed iteratively by the ontology WG on the basis of CIMR. This
will be done in collaboration with: HUPO-PSI, MGED and FuGO.

w

Exchange format: A data model and exchange format will be developed by the exchange format WG on the
basis of CIMR, making use of the MSI ontology. This will be done in a collaborative and iterative approach,
including HUPO-PSI and FUGE
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Comparison of the repositories (1)
Metabolights Metabolomics MetaboBank
Workbench (our plan)

BioSample support

MSI’s reporting
guideline

Metadata Input
Interfaces

File transfer

Group editing

Private access for
peer review

Embargo

Local installation

recommended

File-based (ISA
creator), Web GUI
(beta)

FTP client, Aspera
client
(project-based
management)

no

yes (on another
server)

yes (up to 60 month)

yes

recommended

Web GUI, File-based
(flat-file)

FTP client, Aspera
client

no

(probably no)

yes (no limitation)

(probably no)

compliant

File-based (excel),
Web GUI

SFTP, Aspera, HTTPS,
(Under investigation)

yes

yes

yes

yes (for duplication
of the system)
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Comparison of the repositories (1)
Metabolights Metabolomics MetaboBank
Workbench (our plan)

BioSample support

MSI’s reporting
guideline

Metadata Input
Interfaces

File transfer

Group editing

Private access for
peer review

Embargo

Local installation

recommended

File-based (ISA
creator), Web GUI
(beta)

FTP client, Aspera
client
(project-based
management)

no

yes (on another
server)

yes (up to 60 month)

yes

recommended

Web GUI, File-based
(flat-file)

FTP client, Aspera
client

no

(probably no)

yes (no limitation)

(probably no)

compliant

File-based (excel),
Web GUI

SFTP, Aspera, HTTPS,
(Under investigation)

yes

yes

yes

yes (for duplication
of the system)



Comparison of the repositories (2)

Metabolights Metabolomics Workbench | MetaboBank
(our plan)

Search study
by

Search
compound by

Data analysis

(probably no)

technology

(MS/NMR), organism,

organism part,
status
(public/submitted)

organism, organism
part, pathways,
reactions, technology
(MS/NMR), status
(public/submitted),
compound name

no

yes (RESTful)

subject type, species,
project/study title,

institution, submitted year,

analysis type (MS/NMR),
free text

species, compound name,

MS ion mode
(positive/negative),
compound substructure,
compound class, m/z
(adduct, compound
classes), retention time,

normalization, clustering,
univariate- and
multivariate analysis,

mapping to the pathways...

yes (RESTful)

RDF-based.
technology, organism,
organism part, free
text,

organism, organism
part, compound
name, m/z, retention
time, MSn

yes (not planed in
detail yet)



Comparison of the repositories (3)

Metabolights Metabolomics Workbench MetaboBank
(our plan)

Data Study Project Project
Structure  Assay Study (per Analysis) Experiment
Sample Sample
Measurement
Definition Sample name + Sample x Analysis Sample x
of the protocols Measurement
experimen
tal run
multilingu no no yes
al
ID MTBLS (study) PR (project), ST (study), SA Measurement,
MTBLC (compound) (sample), TR (treatment), SP  BioSample,
(sample prep), CO BioProject

(collection), AN (analysis),
NM (NMR), MS (MS)



Metadata input framework

Definition of the 2 Automatic generation

metadata of data input forms
attributes Metadata

JSON Schema JavaScript JSON

{ Sample | Collapse | | Edit JSON | | Object Properties | { D f- -t- f
"title": "Sample", condition t L . e Inl Ion O
[T P " Sample Name property_name": "sample_ type

type": "object”, "property_value”: "Plant”,

=
" Foadn. yes " L B
required”: [ - condition": "equals
Leaf MeJA rep1 IShort name of the sample. It should be unique in the same project.

sample_name”, Sampling Date } s
"sample_title", ves required": [

. . " "temperature”,
collection_date”, = /A/B rhe date of sampling “sample_nane” JSON or OWI
"organism" Organism -

“taxonomy_id",

1. yes "collection_date”,
“properties”: { |Arabidopsis thaliana (L) HeyThe most descriptive organism name for this sample (to the species, if re. "organism”
" " " NCBI Taxonomy ID 1,
sample_name": { . N
- yes required-either-of”: [

"title" : "Sample Name”, 3702 1

"type": "string”, NCBI Taxonomy identifier. IF it is not in the datsbase, enter a tentative ID (2.G., 1). The DDEJ staff ag "optional”: [
“minlength”: 1, then the tentative ID is replaced by an assigned TaxID

temperature

A\
Deflr_ntlon of L RDE
required e
attributes

JSON XML NoSQL db

- dition”: . 2
e e AS Json Schema ‘ "‘ EIaStl C
Validator

DDBJ

“Coronen BioSample/

collection_date",

i

‘required”: [

"organism”

Ht e y BioProject registration
| system

"optional”: [
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RDFADZE A

. R D F (Resource Description Framwork)

postalAddress (FBE/3F 1)
KDRI » Kisarazu city

T35 U SL:OES

® Metabolonote * 3 T—A ML D T—FEE

Analytical Method Details Information

ID MS01

Title LC-FT-MS, ESI, Positive (method 1)

Instrument Agilent1100 HPLC (Agilent), LTQ-FT (Thermo Fisher Scientific)
Instrument Type LC-FTICR-MS

lonization ESI

lon Mode Positive

Frozen powder of material was extracted with three times volumes of methanol containing 25 pM of 7-hydroxy-5-methylflavone as
P4 EU internal standard. After homogenization using a Mixer Mill MM 300 (Quiagen) at 25 Hz for 2 min twice, homogenates were
3IE | centrifuged (17,400 g, 5 min, 4 °C). The supernatant was filtered through 0.2 ym PTFE membrane (Millipore). Hydrophobic
compounds in the filtrate were removed by absorbing to C18 silica column (MonoSpin C18, GL Science, Tokyo, Japan).

Mock sample was prepared with the same procedure without adding the plant material.

> = 3 N 20 pl of methanol solution was applied to a TSK-gel column ODS-100V (4.6 x 250 mm, 5 ym; TOSOH). Water (HPLC Frade solvent A)
:H:T J'E 0) IE E ( 7 7 X ) —C U - 7 and acetonitrile (HPLC grade; solvent B) were used as the mob||e phase with 0.1% v.fv formic acld added to both solvents. The
= R gradjent program was as follows: 3% B (0 mln) 97%B (! 2 B (100 B and 3% B (107 min). The flow
é *Lj; 50~ I‘ 0) L 7 t) The flow rate was set to 0.5 ml/min, and the column oven
774)bb\bRDF1I: ;
PA
*)-d— —C IE IJ,\EE [S11RY
%%FEEEEEIE\%)

e carried out using colllsm
n isolation width of 4.0 (n'l.n’z) an

set at 40 and 15 arbitrary units, respectively. TO
<A range 200-650 nm.

repeat duration, 30 sec; exclusion list size, 500; margin, 10 ppm, and €
The data were acquired by Xcalibur software version 2.07 (Thermo Fisher

Chromatography comment description temperature gradient column temperature column pressure  column name
SYRIETST4 = Bl BENRE h3 LRE h hILE

rdfs: ent doterms: description temperatureGradient columnType columnTemperature columnName
Chromatography rdf \anegString rdf: langString xsdistring xsdistring rature Pressure xsd:string
pm_chromato:SE112_NS01 "Water (HPLC grade: solvent A) and acetonitrile (HPLC grade: solvent B) were used as the mobile phase with 0.1% [temp:40C] "TSK-gel column ODS-100V (4.
pm_chromato:SE112_MS05 "Hater (HPLC grade: solvent A) and acetonitrile (HPLC grade: solvent B) were used as the mobile phase with 0.1% [temp:400] "TSK-gel column ODS-100V (4.

pm_chromato:SE112_MS11 "Water (HPLC grade: solvent A) and acetonitrile (HPLG grade: solvent B) were used as the mobile phase with 0.1% [temp:400] "TSK-gel column ODS-100V (4.
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<Page ID="" Title="/S581/M81"=

=Template Mame="M"==Field Mame="M_ID"=MBl=/Field==Field Name="M_Title"=LC-FTICR-MS, ESI Positive analysis</Field==Field
Mame="M_Method Set ID"=M51</Field=<Field Mame="M_Sample Amount"=6.7 mg</Field=<Field Name="M_Comment"=[MassBase ID] MDLC1_@5711</
Field=</Template:>

=Free_Text id="1"={{LinkTo_MassBase|MDLC1_@5711}}=/Free_Text=

=/Page:>

<Page ID="" Title="/581/M@1/DB1"=

=Template Name="D“b€Fie1d Mame="D_ID"=D@1l</Field==Field Mame="D_Title"=PowerGet data analysis for Bio—MassBank=/Field==Field
Mame="D_Data Analysis Set ID"=DSl</Field=<Field Mame="D_Recommended decimal places of m/z"=6|ITMS 2=/Field=</Template=
=Free_Text id="1"={{LinkTo_BioMassBank|keyword=SE1l_S@1 M@l _D@1}}

Elt;!— {{LinkTo_KomicMarketTmp}} ——&gt;

{{LinkTo_KM2|SE1}}=/Free_Text=

=/Page:>

<Page ID="" Title="/581/M81/DB2"=

=Template Mame="D"==Field Mame="D_ID"=D@2=/Field==Field Mame="D_Title"=PowerGet data analysis for KomicMarket2=/Field==Field
Mame="D_Data Analysis Set ID"=DS2</Field=<Field Mame="D_Recommended decimal places of m/z"=6|ITMS 2=/Field==/Template=
=Free_Text id="1"=&Llt;!— {{LinkTo_KomicMarketTmp}} —&gt;

{{LinkTo_KM2|SE1}}=/Free_Text=

#5801 /Ma1 . <L N
M ID: Ma1 PGDBJ‘kt)l\/laSSBase?‘-d~ tﬂ%ﬂl\o) U 7
M_Title: LC-FTICR-MS, ESI Positive analysis ZHFEHTHD

M_Method Set ID: M51

M_Sample Amount: 6.7 mg

M_Comment: [MassBase ID] MDLC1_85711

#5081 ,/M31/D81

D_ID: D@l

D_Title: PowerGet data analysis for Bio—MassBank
D_Data Analysis Set ID: D51

D_Recommended decimal places of m/z: 6|ITMS 2

#5011/ MA1/D02

D_ID: D@2

D _Title: PowerGet data analysis for KomicMarket2

D_Data Analysis Set ID: DS2 —

- ¥ THYERT—EFAN

D_Recommended decimal places of m/z: 6|ITMS 2
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plantMetabolomics
plantMetabolomics

RPMMBHERER CHAL- A2 T—4%
Classes belonging to this database R N 3 SE1 FKH]

e SE6 LTQ-Orbitrapfs FH

[8] Project J& experiment 8 Experimental Design SE18 Mouse liver ﬁg*ﬁ-% % ﬁ]’. g (A

— , SE40 B> TILE LN

e R crpaatn SE61 Y FIL, FRITIEES L

W e B o —— SE62 4~ T, BATEEAHS L

8] Light condition |8 Treatment SE88 Micro-Tom ﬁ’q’: *ﬁ *E *’;E g L \

— SE97 Lotus japonicus RHTFE$E % L)

. Sample Preparation . Sample Extraction Protocol . Sample Amount

[ o8

. Chromatography . Measurement Condition . Mass Spectrometry SE112 ﬁ AR b TI_\ / F IJ
O

SE114 B& LRI MY

. Measurement . Raw Dataset . File SE116 ﬁlgl:ll:l I/, 3:/“ I~ |)

analyzed data ﬁ” *ﬁi % h g \
- Annotation Method Details . Data Analysis . Pre-processing S E 189 q: = JAH l’
. Statistical Data Analysis - Normalisation . Multivariate Analysis

Univariate Analysis Data Transformation Scaling

http://metadb.riken



SEDTFIE

® EERT— 3 DB

ILEYMT—IR—RADTREIZCE>THRETEY FT5ILEY
NBEZDHZENRRAFEND,

® {EMT / LIEEDBAD A A RO—LT—5 DS
7 LSBT — 8 & ORITHETRRETRIST 5.



RIKEN Plant Metabolome MetaDatabase:
an integrated plant metabolome data
repository based on the semantic web
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Aim of this project
» Development of the RIKEN Plant
Metabolome MetaDatabase (RIKEN PMM)
« Semantic web based

» Construction of the Plant Metabolomics
Ontology

» Reanalysis/reannotation of GC-MS data
In plants
» Versioning of GC-MS spectra
» Improvement of metabolite annotation



Method

s & Implementation

RDF/SPARQL

A standard model for data interchange on the Web

RDF (Resource Description Framework)

- has features that facilitate data merging even if the
underlying schemas differ

- specifically supports the evolution of schemas over time
without requiring all the data consumers to be changed

Predicate @

subject-predicate-object, known as triples

SPARQL - SPARQL Protocol and RDF Query Language
- an RDF query language
- can retrieve and manipulate data stored in RDF format

https://ja.wikipedia.org/wiki/Resource_Description_Framework



Method

s & Implementation

RIKEN MetaDatabase

RIKEN MetaDatabase

B ASFT—HR—R (4. BROREZE L OE<HRE0ACERL TLEES c&=Brlc.
EROMFENLHT 37 SN —ADAYT—HEHFNICEER L TaREI oY EATT,

R AYOZ—EE | O ERLYTHA-ROVT = EHEAST IR

SPARQL
endpoint

®E ﬁ;}ilfb (A9FT—5DEBDBO
0 £57E
i
8-
]
ﬂﬁﬂ‘r—@f\'—zgﬁﬂlﬁ http://metadb.riken.jp/db/DBcatalog EEA ST —HR—Z
&OUSAE FEHXIA-E» BEt 45—+ DBEHSEEEr T 4HOES

= FANTOMS SSTAR ntto-//metadb.rken jp/db/SciNets rz3ssi

& Z5A—E Human Sample»  Transcription factors, relative expression of human sample »
CAGE peaks of human sample »  Mouse Sample »
Transcription factors, relative expression of mouse sample »  CAGE peaks of mouse sample »

& FANTOM4 ntip://metadb.riken jo/db/Sciets raig7

& J5A—E  Array_Design * Experiment * GEO » Primary_Data * Raw_Data * Tag_Counts *
Mapping_Data *  Series* Lot*  Cell line analyzed in FANTOM 4*»  Antibody *
Barcode_Seguence * Genome_Assemblies *  Tag_Sequence*  Vector*  Sequencer ®
Tissue_Type *  Mouse Strain analyzed in FANTOM 4 *  Sex_Type*  Disease (FANTOM 4) »
Collaborator *  Developmental_Stage*  Developmental_Dimensions *

Knockdown TF genes in FANTOM4 »  Primer*  Sample *  Sample_Typa*  Source*
Protocol *  Detailed_Protocol *  Analyzed Data* db*  Property *

- nnco Fdh il IEIE@EG A A

RIKEN MetaDatabaSG s h—A  c BlDa L ROTHC - e bRUS—

RIKEN MetaDatabase
http://metadb.riken.jp/

Eﬂ@

o) ERECE| Except where otherwise noted, this work is subject to a Creative Commons Attribution-Sharealike 4.0 International License.

Rau
Kobayash| N et al. LNCS 10055, 99-115 (2016)



Results\& Discussion

L RDF Schema in RPMM

Project
I foaf:Person I
— atafnahsis
R —_— Datasnalysis ]
S - W preprocessing » PreProcessing
S The Plant Metabolomics Ontology is
designed to realise metadata
. —_ interoperability according to the
L= recommendation of the Metabolomics
Standards Initiative (MSI,
http://www.metabolomics-msi.org/)




Results| & Discussion

Metadata registration

Using a spreadsheet (e.g., MS Excel)

E G H 1 N
1 EnslishAttributicorBicleogical Samele biclegical sample name comment description taxonomy cultivar sgenctype rlant organ
2 |B=FEEEME St s UL St s UL 1D E=Ea = Hoklz) e Fcd oo FE Pi- - TEHISEE
3 |Property»lURI determs: identifie rdfs: label rdfs: comment doterms: descr obo:RO_00DZ162 cultivar senctyes rlantOrsan
4 |Datatyvees BiclozicalSamele =sdistring radf: lanzgStrin rdf: lansStrins radf: lameStriniow| :Class =sdistrirxsdistrins owl:Class
1 Pm_kicsamp:testB899_F_037_1 TF_037_17 “This is test data’ @en htte:“purl.bicontolosy.oras/ontelogyNCBITAXON, "Reivo” htte: “purl.obo
B pm_bicsamp:testB89_F 037 old 1 "F_037 _old 17 “This is test data @en htte: “eourl.bicontolosy.orss/ontology NCBITAXON, "Reivo” htte: Fpurl.ocbo
v Pm_kicsamp:testB899_F_040_1 “F_040_17 “This is test data’ @en htte:“purl.bicontolosy.oras/ontelogyNCBITAXON, "Reivo” htte: “purl.obo
2 pm_bicsamp:testB89_F 040 old 1 "F_040_old_ 17 “This is test data @en htte: “eourl.bicontolosy.orss/ontology NCBITAXON, "Reivo” htte: Fpurl.ocbo
2 Pm_kicsame:testB889_F_043_1 TF_043_17 “This is test data’@en htte:“purl.bicontolosy.oras/ontelosy/NCBITAXON, "Reivo” htte:  “purl.cbo

RIKEN PMM

RIKEN Plant Metabolome MetaDatabase #mMm)

An example of spreadsheet describing RIKEN R T T e
PMM'’s “BiologicalSample” class. i e g
G H l J oaense :
description  taxonomy cultivar genotype  plant organ e LS . -
A nE# wig  EEE BMHE
determs:descr obo:RO_0002162 cultivar genotype  plantOrgan
rdf: langStrinsowl :Class xsd:strirxsdistring owl:Class
! http://purl.bicontology.org/ontology/NCBITAXON, Reivo” http://purl.obo e A

I
| http://purl.bioontology. ora/ontology/NCBITAXON, "Reiyo” http://purl.obo
| http://purl.bioontology. ora/ontology/NCBITAKON: "Reiyo” http://purl.obo
[
I

RIKEN

Plant Metabolome
<« MetaDatabase

| http://purl.bicontology. org/ontology/NCBITAXON: "Reivo” http://purl . obo
| http://purl.bioontology.org/ontology/NCBITAXON "Reivo” http://purl.obo

Generation of PMM’s RDF



Results| & Discussion

Summary page

L.

plantMetabolomics

plantMetabolomics

Database

Classes belonging to this database Downdoad  SPARQL  History

l- Project ﬁ Experiment 8 Mass Spectral File

& Measurement Condition -h_i__ Dataset & Data Analysis

l Sample Preparation Other classes

& Sample

number of triples
number of classes {concepts)
number of properties

number of instances
associated with classes

Project

Experiment

Mass Spectral File
Measurement Condition
Dataset

Data Analysis

Sample

Sample Preparation

Organisation
ii‘klle;nt Metabolome * Home - Open in new window - Site Policy
- MetaDa i@.)'r.. . | Except where atherwise noted, this work is subject to a Creative Cammons Attribution 4.0 International License,

Inopuiny

186812

64
138
29
55

1377

17

Q n
Ramzw

RIKEN PMM’s graphical user interface

(development ver)

Project page

# @ plantMetabolomics |} i

A sgstenjs analysis with "simplified source-sink model" reveals
metabolic reprogramming in a pair of source-to-sink organs

during early fruit development in tomato by LED light treatments

A systems analysis with "simplified source-sink model™ reveals metabolic reprogramming in a pair of source-to-sink organs

during early fruit development in tomato by LED light treatments(Project)

Dawnload .",I-:gl)l Histary Ineusiry
[] Show URI

e

A systems analysis with "simplified source-sink model" reveals
metabolic reprogramming in a pair of source-to-sink organs
during early fruit development in tomato by LED light treatments

= RPMMO0DO3
projcet ID
= A systemns analysis with "simplified source-sink model” reveals metabolic reprogramming in a pair of
title source-to-sink organs during early fruit development in tomato by LED light treatments
comment
» Tomato (<i=Solanum lycopersicum</i=) is a model crop for studying development regulation and ripening
description in flesh fruits and vegetables. Supplementary light to maintain the optimal light environment can lead to
the stable growth of tomatoes in greenhouses and areas without sufficient daily light integral. Technological
advances in genome-wide molecular phenotyping have dramatically enhanced our understanding of
metabalic shifts in the plant metabelism across tomato fruit development. However, comprehensive
metabolic and transcriptional behaviors along the developmental process under supplementary light
provided by light-emitting diodes (LED) remain to be fully elucidated. We present integrative omic
§ i H Open in new window - Site Poli Q =
* Home - en in new w - e
Plant Metabolome e i

MemDat Excapt where atherwisa nated, this work is subject to & Croative Commons Attribution 4.0 Intamational License RRIH:H



& Discussion

The current status of RPMM
(development ver)

| # B plantMetabolomics |

Summary page

Species stat

29 projects
> 4K biological samples
> 4K raw data files

Others
12%

Allium

4%
Lettuce

4%

<

Download

w

History

SPARQL

1-100f20 (W2 : 10 |- B4 Fix Heading [1]

Project Q projcet ID Q title o] comment Q description Q submission date Q public release d

* Unbiasad * Unbiased 2 * Meatabolites are Ara bIdOpSIS
characterizati characterizati not only the
on of on of catalytic products 48%
genatype- * RPMMOOD1 genotype- of enzymatic
dependent dependent reactions but also
metabolic metabolic the active
requlations by requlations by~ requlators or the

* Metabolomic * Metabolomic = * Despite recent TQ mato
Characterizati Characterizati intensive research
on of on of efforts in 169%
Knockout * RPMM0OO02 Knockout functional A
Mutants in Mutants in genomics, the
Arabidopsis: Arabidopsis: functions of only a
Develnpmgnt Development ¥ limited number of

o A systems * A systems = * Tomato Rice
analysis with analysis with ({<i=Solanum
“simplified "simplified lycopersicum</i>) 12%
source-sink * RPMMOOO3 source-sink is a model crop for
model” ! model" =l studying

" niKEN

Plant Metabolome * Home - Open in new window * Site Policy @ -

- Me ﬁnmsu

Except where otherwise noted, this work is subject to a Creative Commans Attribution 4.0 International License. (=219, RIKEN



summary

- developed a semantic web-based repository
database known as the RIKEN PMM using
native RDF technologies

=29 projects with high-quality metadata

=» efficient data sharing, spreading and retrieving
In plant metabolomics

RRRRR

Plant Metabolome
<« MetaDatabase

http://metabobank.riken. jp/



Re-analysis of GC/MS data



Results

& Discussion

15 Re-analyzed datasets

Total

m Arabidopsis
Rice
B Tomato

B Soybean




Results

& Discussion

An example

Metabolomic correlation-network modules in Arabidopsis based on a

graph-clustering approach
Fukushima et al. (2011); Kusano et al. (2007)

RPMM0O006, MTBLS45, SE47

Arabidopsis thaliana
3 genotypes (Col-0, mto1, and tt4)
Root samples (biological replicates, n >= 15/genotype)

53 samples

Related to RPMMO0001 (MTBLS40 and SE46) (aerial part)

GC-MS




Results

& Discussion

Re-analysis method

« MS-DIAL (Tsugawa et al.)

« Comparison with original annotation
(Kusano et al. )

Results
Extracted Annotated
Known peaks
peaks peaks
Original annotation 518 166 84
Re-analyzed annotation 444 253 204
Rl (error) < 10 58

Match rate: 58/84 = 69%
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