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Abstract

Background

Since early 2000s, a number of metabolome analyses have been demonstrated
using combined hyphenated chromatographic and mass spectrometry as well as
nuclear-magnetic-resonance [1-3]. Although these profiling experiments are
becoming routine in many research groups, making the studies remains
laborious and expensive (For example, see [4] and [5]). Therefore the number of
samples and conditions analyzed in individual projects is still relatively small and
mostly ranges from only two to few hundreds of samples (For example, see [6]).
While the metabolomics community is working towards the setup of sharing of
metabolome data [7-12], mining the public information and demonstrating the
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richness of integration of multiple metabolite profile datasets remain largely
unexploited.

Description

The AtMetExpress is a freely available database including detailed information
about small molecule metabolites detected in the model plant Arabidopsis
thaliana (Arabidopsis). This is intended to be used for applications in
metabolomics, functional genomics, biomarker discovery, and scientific
education. The aims of the project are (i) to establish a new web-based platform
to conduct meta-analysis of metabolite profile datasets and (ii) to explore the
diversity of complex metabolic networks using the multiple profiling experiments
in Arabidopsis. We integrated multiple metabolome dataset in Arabidopsis and
constructed AtMetExpress to store the information. By analyzing the integrated
data we found that Arabidopsis has ~1,200 metabolites which we can detect
using mass spectrometry-based metabolite profiling. The current AtMetExpress
also contains ‘development LC-MS dataset’ by Matsuda and colleagues [13],
which is opened to the public via the PRIMe web site
(http://prime.psc.riken.p/lcms/AtMetExpress/).

Conclusions

A small and simple GUI tool in AtMetExpress has built for configuring and
performing these analyses, allowing easy metabolome meta-analysis for plant
biologists. We demonstrate how meta-analysis of metabolite profile datasets can
be used for new hypothetical generations of metabolic behavior in Arabidopsis
across a wide range of experiments.

URL: http://prime.psc.riken.jp/AtMetExpress/

Keywords: Metabolome, Database, Meta-analysis, Metabolite profiling,
Arabidopsis thaliana
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Construction and implementation of AtMetExpress

We collected 11 articles related to mass spectrometry-based metabolomics in
Arabidopsis from our previous publication and 3 unpublished dataset. For
metabolite information we integrated compound identifiers from AraCyc [14] and
KNApSACcK [15] using MetMask tool [16]. Then we manually curated these
datasets, and have built AtMetExpress tools by using R/Bioconductor [17]
packages including shiny package (http://www.rstudio.com/shiny/).

Overview, utility, and general characteristics of AtMetExpress

There are two major options available in the AtMetExpress: (i) Browse and (i)
Analysis.

Browse

The browse option provides a Wiki interface for a number of metabolites to the
database, allowing us to search the database (Fig. 1). Each entry is linked back
to other metabolome databases such as PubChem [18], KEGG [19], and
KNApSACcK [15] for more information. The resultant data from statistical data
analyses (tab-delimited (tsv) format) are also available for download.

& Login

AtMet Discussion Read View source View history Go | _Search
AtMet:Malate:: 1

Malate

IDs and Links
Navigation Suzukicheck Pmdetect
— = = : z PUBCHEM & |222656 &
. mdetectAracyc malic aci
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Toolbox M Tweet| 0 B2 the first of your friends to ke this

What links here
Related changes

This page was last modified on 7 February 2014, at 11:00

Fig. 1. The molecule view of malate. Each entry is linked back to other metabolome databases
such as PubChem [18], KEGG [19], and KNApSAcK [15] for more information. The page is

accessible at http://metabolomics.jp/wiki/AtMet:Malate::1. Other characteristics of Wiki-style

pages are according to Arita and Suwa [20].

Analysis
The Analysis option provides an interface for visualizing AtMetExpress datasets,
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for analyzing user’s data on our website, and for getting their results. The
following information can be obtained: i) quality check of sample replicates by
principal component analysis (PCA) (Fig. 2); ii) Visualization of their own data by
using our AtMetExpress tools [e.g., hierarchical cluster analysis (HCA) and a
heatmap] (Fig. 3) and iii) meta-analysis tools including metabolite name
integration (Fig. 4 and Fig. 5): a tool for integrating metabolite identifiers from
local reference libraries based on SQLite and public databases that do not
depend on a single common primary identifier. Users can use this option to
integrate two data matrices in GENERIC format.

PRIMe Visualization Tools

. . Summary (MVA)
RIKEN PRIMe provides web-based data analysis and
visualization tools for public access. Users may analyze
A i
CEEEER I AL RS e R T B3 DTS Hierarchical Cluster Heat Map Principal Component Analysis
upload custom datasets.

PCA Method
Analysis parameters ppca LI
Data source: AtMetExpress

Dataset: Fukushima11BMC_Syet_Biol Scoves Loadings

Downloads

None

Edit parameters

PC1 PC1
47.19% of the variance explained

Fig. 2. Principal component analysis of the roots of 3 Arabidopsis genotypes [Col-0,
methionine-over accumulation 1 (mtol), and transparent testa 4 (tt4)]. Score scatter and
loading plots for roots using all detected peaks are shown. These data include 53 root samples
(WT, n=17; mtol, n = 16; and tt4, n = 20). The data were from the work of Fukushima et al.
[21].



PRIMe Visualization Tools

Summary (MVA)
RIKEN FRIMe provides web-based dsta analysis and
visuslization tools for public acosss. Users may snalyze
datasets from both AthMetExpress and MeKO, as well as
upload custom datasets.
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Fig. 3. Visualization of the depositing data by using our AtMetExpress tools [e.g., a
heatmap (bottom panel)]. Red and blue colors represent relative increased or decreased
metabolite levels compared to median values, respectively. The data were from the work of

Fukushima et al. [21].
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Meta-analysis selection (GC-MS RIKEN format or

GENERIC format)

Anabisls Parameters. E

Anal s Parameters X
bed Select data source

Select data source

AaMetExpress L GC-MS [RIKEN format Gerenc

Users can select data format.

AMEtExpress MeKD GC-MS (RIKEN format) Genend Raw data (T5¥):

PR | RN TR AL
Wa integrated multiple metabolome datasets in Arabidopsis into a gingle matrix )
and consll;%cted aurldaabzr;‘se, callehd Amageé:presshm stare the mlarmat:?‘n.hrhe Phansdata (C5V):
integrated data analyses showed that Arabidopsis has oo metabolites, whid - " I
Wi Can detect udmng Mmass spedrometry-based metabote profing. B | o LR TL R A

tnainial sanded

Cataset

Fukushima 1 1BMC_Syst_Bicl ﬂ Pactors (o nelect multiole instors, held Cerl while dicking pelections)

Run analysis Cancel 0. of components

Meta-analysis tools HCA, Heatmap, and PCA : Funanaivsis | Cance
N i p— Salect data source
bl Wl AMetE apress Mgk GC-H5 [RIKEN formad Genens
v peei 5
P — e aata sy £—— Raw data matrix (TSV format)
e — Kirsano 1 0Aminabods_Data tet
= rhenodata (csv €= Sample information (CSV format)
- .:j':- _—Il__‘ N B | Kisanol DAmanossds_phenodaty civ
B P aratery P - CEnnf r 4: = ';‘1
- ﬁmnﬂ-ﬂ._ m m“ .ﬂﬂﬂfﬂﬂm I Intwrrial standacd <«— Internal standard information

= e |
L il - Facton (bo select multely facters, Pold Coil while ditkirg sulection)

Information for normalization
o

=

M. of companents

Run snabyis | Cancel

Fig. 4. Meta-analysis workflow of user’'s own data by using our AtMetExpress tools in
GC-MS RIKEN format. an example format is given in AtMetExpress site
(http://prime.psc.riken.jp/AtMetExpress/exdata/exdata.zip). With raw data matrix and their

sample information, users can do meta-analysis of their own data including integration of

different datasets in GENERIC format (see Fig. 5).
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5 GAIS Datal 10 GAIS TRUE 0 Datal 31 63 2511 3001
10 GAZO Datal 11 GAZOD TRUE 0 Datat 184 158 209
11 |GAd44 Datal 12 GA44 TRUE 0 Datal 1616 1.0 1421
12 GAS3 Datal 13 GAS3 TRUE 0 Datat _—— 1942 1442 186
13 [t7 Data? 2 7 TRUE trans—zeatiData? lC_RL.G:K;PT_ 2078 165 1108556
14 tZR Datz2 3 tZR TRUE trans=zeatiData2 2zna 16.354 0
15 [tZRPs Data?2 4 tZRPs TRUE 0 Data? —— 1522 15114 1149
16 |cZ Data2 5 ¢Z TRUE trans-zeatiDats2 | CORNGKEPT 0108 0088 0086667

Fig. 5. An example of GENERIC analysis. Users can upload their own data to AtMetExpress in
GENERIC format (Typically the rows and columns represent metabolite names and samples,
respectively). Automatically integrated/summarized data are downloadable using GENERIC tab
(A). You can see the summarized data matrix using principal component analysis (B). Highly
correlated metabolites between datasets are replaced by principal component 1 (e.g., IAA and
ABA with red rectangles), while weakly correlated metabolites are not replaced by the same

manner (e.g., two cytokinins, tZ and cZ with dashed rectangles).
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