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The -omics’ data overview

Genomics DNA sequence 100,000 - 1,000,000

Transcriptomics Gene expression 10,000 - 100,000

Protein expression/

Proteomics : ) 1,000 — 10,000
Interaction
: Compound
Metabolomics P ) 100 — 1,000
concentration
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Common questions
Are there some interesting patterns present in my
data?

What are the most important features associated
with different phenotypes?

[s there a real difference between the groups?
Can I use this data to predict a phenotype?
How to interpret these features / patterns?

How does my result compared with published
data?

METABOLOMICS 2010



/—\

Common approaches

18t Classical statistics T-tests, ANOVA  Since 1950s
High-dimensional SAM, Limma;
ond  feature selection; SVM, Neural Since 1990s
Machine learning networks
4 Group-based GSEA, GSA, Since 200
3 enrichment analysis Globaltest 3
4t Pathway Analysis SPIA, TopoGSA  Since 2007
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Project Goals

Provide well-established methods proven highly
successful in other ‘omics’ studies;

Do not re-invent the wheel!
Support traditional approaches
Cheminformatics approaches
Data processing & normalization procedures
Easy-to-use
Not command-line

Target users — bench biologists
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Indentify influential algorithms

mTrL Cluster analysis and display of genome-wide expression patterns

ME Eisen, PT Spellman, PO Brawn, ... - Proceedings of the ..., 1998 - National Acad Sciences

.. Microarray-based genomic surveys and other high-throughput approaches (ranging from

genomics to ... with the addition of uncharacterized genes (the results of this analysis will be ... Finally,

e lunctionadsoncordance of coexpressed genes imparts biological significance to the ...
Cited by 95813 JRelated articles - BL Direct - All 184 versions

Significance analysis of microarrays

Y5 Tusher, R Tibshirani, G Chu - US Patent 7 363,165, 2008 - Google Patents

LIS007 36310562 (12) United States Patent lusher et al. {io) Patent Mo.: s 7 363,165 B2
(45) Date an'atent Apr, 22, 2008 (54) SIGNIFICANCE ANALYSIS OF MICROARRAYS |'j’5j|

la Goss Tusher Falo Alta, CA (US); Robert Tibshirani, Palo Alto, CA (US); .
Cited by 5558 elated articles - BL Dlrect All 81 versions

Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide

expression profiles

. P Tamayo, Wk Maoatha, = Mukherjee, ... - Proceedings of the ... 2005 - Mational Acad Sciences
Although genomewide RNA expression analysis has become a routine tool in biomedical
research, extracting biological insight from such information remains a major challenge.

, ibe a powerful analytical method called Gene Set Enrichment Analysis | ...
Cited by 1755 - Jelated articles - BL Diract - All 95 versions
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ldentify the best practices

Analytical methodology

Gene expression
data set

Pre-processing

Gene
selection

|

—
—— arkergenes >0

Build predictor
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Cross-validation
results

o

Test set
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Metabolomics web applications

* General data processing & analysis
— MetaboAnalyst
— http://www.metaboanalyst.ca

» Metabolite Set Enrichment Analysis
— MSEA
— http://www.msea.ca

« Metabolomic Pathway Analysis

— MetPA
— http://metpa.metabolomics.ca



http://www.metaboanalyst.ca/
http://www.msea.ca/
http://metpa.metabolomics.ca/

/—\ .
MetaboAnalyst

http:// www.metaboanalyst.ca
General metabolomics data processing, normalization,
and statistical analysis

Support two-group and multi-group analysis

20+ well-established methods

Dynamic graphical presentation

Automatic report generation

11
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What MetaboAnalyst can:

Basic data processing:

Peak picking, Peak alignment, Baseline filtering, etc.
Data normalization

probabilistic quotient normalization, scaling, etc.
Data overview

PCA, Heatmaps, etc.
Identify important features

t-tests, ANOVA, SAM, etc.

Classification
PLS-DA, random Forest, SVM, etc.
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/ GC/LC-MS MS / NMR MS / NMR - Metabolite

raw spectra peak lists spectra bins concentrations

* Peak detection
» Retention time correction

Baseline filtering

o

Peak alignment

* Data integrity check
* Missing value imputation

Data normalization
* Row-wise normalization (4)
+ Column-wise normalization (4)

Data analysis
+ Univariate analysis (4)

+ Dimension reduction (2)
« Feature selection (2)

« Cluster analysis (4)

* Classification (2)

Data annotation
* Peak searching (3)
* Path ing

METABOLOMICS 2010 13



MetaboAnalyst

Welcome (click here to start)

Belease Hotes and Updates:

v ri e
* Please upgrade your browser if this page does not display properly.

& Bug fix: Color inconsistencies biw the confidence ellipses and sample class labels (used in PCA abd PLS-DA,

Data Formats

Tutorials & 20 plot) (D6 7770
FACs * Bug fi: Updated the interface for zip file upload to support multiple-group analysis of peak lists and spectra
data (0615410) ;
Resources -
& |ntroducing Data Editor to enable samples/features exclusion (i.e. outliers) during analysis (08740,
o Added ANOWA and associated post-hoc analyses for multi-group data (D&T0ATE; e
# Mletabofnalyst now supports data analysis for more than two groups. (0607700, e
# Fordata collected from human or other mammalian species, you may alsao want to visit aur new web
application MSEA (http:/'www.msea.ca) for more advanced data analysis. (0571100
Fead mare ...

Please Cite:
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Data Uploa

Home

.S’teps E E
. Wour home directory is now set up. ou can choose either 1) Upload your data or 2) Try our test data in order |
-l . to proceed. Please note, the uploaded data and analysis result will remain in the server for 722 hours before 0

_2 Process being deleted autamatically.
Dt B Or et
3 Normalize 1) Upload your data { pata Format )
¥ 4 Analyre
Lnivariste Comma Separated Values {.csv) :
_AON A
prg Data type : {” Concentrations {~ Spectral bing {~ Peak intensity table
T pLsDa Format: Samples in rows (unpaied] |

T -Sut:nmit
1 Data file : Choose File | no file selected

EBAM
Tree & heatmagp
4 Data Format
| -fmean&SOM Zipped 2 0 Comptible)”
_EandomPorest
1 You should create a separate folder for each
| R-Shi Data type group, and upload them as a single . zip file.
5, Peak Search L
S Lattvwsy bapaing Data: .=/ Chooze File | na file sslected -
T Submit
L Dowvnlosd
_&. Log Out Pairs : Chooze File | nio file selected (required for paired comparizon)
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Data processing and integrity check

Home

‘steps Data Integrity Check
. Uplogd

" 2 Process Details:
T **[iata Editar 1. The class labels must contain only two groups.
"7 4 Monmalize 2. If the samples are paired, the pair labels must conform to the specified format.
;’_A_&DE.RZE 3. The data (E}{CEpt class Iabels) must not contain non-numeric values.
 Lnivariste 4. Compound concentration or peak intensity values cannot be negative.
i
T pLspa Data processing information
T sam Checking data content . passed
___JiEéM Two groups were detected based on the sample labels.
___Mm ' Samples are nat paired.
T Kmean & s0M All data wvalues are nurmeric.
T RangdomForest ! All data walues are non-negative.
T RawM Atotal of O, (0 %) zero values were detected
" 5. Pesk Search Atotal of 0, (0 %) missing values were detected
"7 & Pathway Mapping By default, these values will be replaced by a small value
" 7 Download i Click Skip button ifyou accept the default practice
" .1ogout Or click Missing value imputation to use other methods

hissing walue imputation H Skip ‘

METABOLOMICS 2010 16
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Data normalization (1)

Row-wise normalization

" None
" Normalization by sum

& Normalization by a reference sample Fo0z |

[ Exclude the reference sample after normalization

" Normalization by a reference feature <Mot set> _|
" Sample specific hormalization (i.e. dry weight, velume) Click here to specify

Column-wise normalization

i~ None

' Log {log, transformation)
& Autoscaling  (mean-centered and divided by the standard deviation of each variahle)
" Parato Scaling (mean-centered and divided by the square root of standard deviation of each variable)

" Range Scaling (mean-centered and divided by the range of each variable)

Process

METABOLOMICS 2010
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Data normalization (2)

Afier Normalizasion

Bedore Normalzaton

; |
PR

| N

ﬂ I

A T

Normalized Concentraton

18
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Data Analysis

Home

| Steps

S

elect an analysis path to explore :

Univariate Analysis

Fold Change Analysis, t-Tests, and Yolcano plot {two-group only)
One-way Analysis of Variance (ANOYA]

Chemometrics

Principal Companent Analysis (PCA)
Partial-L east Square - Discriminant Analysis (PLS-DA)

[permutation is only =wailable for tvwao-group data)

Significant Feature Identification

Significance Analysis of Microarray (and Metabalites) (SAM]

Empirical Bayesian Analysis of Microarray (and Metabolites) (EBAM) {two-group only)

Cluster Analysis

Hierarchical Clustering - Dendrogram and Heatrmap

Partitional Clustering - K-Means and Self Organizing Map (S0M)

Classification & Feature Selectieh

Random Forest

Support Yector fachine (S%h) {two-group onlyj

METABOLOMICS 2010
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Clustering with PCA

Home

| Steps

Overview Secree Plot 20 score Plot 30 =core Plot Loading Plot Biplot (2 apout pea
score plot between PC and PC with (%) confidence region
Tig: you can set the confidence to 0to disable drawing the elipse.
Score Plot
&0
= - k15
* 30
Cr A5 BT 45
L 458 5
~d57_5
9
oy
w0
o
£ o
I.fli 4
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Hierarchical clustering

Steps

Distance Measure

Clustering Algorithm

35,

Gedd

-

METABOLOMICS 2010
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Supervised approach — PLS-DA

Querview

Overview

2D score 30 score Loadings Classification Var. Importance  Permutation

@About PLS

2D score 3D score Loadings Class

Component2 (12.2 %)

W score plot between Component # E and

There are two importance measures in PLS-DA © one iz viariable importance in projection (VIP) based onthe top 5 componerts determined

Tip: you can set the confidenc:

Sci

004

003 -

oz -

001

004

003 -

o0z

o001 -

o -

004

003

oz -

o0 -

00 -

002

oz =

001

T om =

-5

by cross-validation; the other iz weighted sum of ahsolute regression coefficients (coef.).

Wiew detailz

Variable Importance for group: 0

s DDDDEIIIIII‘llhlILI..ll‘llL-ll.IlllllIl

Variable Importanze for group: 15

IILﬂﬂul]DDlIIIlill.lllll-'n.llll.ullll-|||I|

Variable Importance for group: 30

EIEID:.[I -Ill'IIJI.‘II'IILIIJIIIII-II-I

Variable Importance for group: 45

.luﬂﬂuﬂﬂﬂlul.ulnllu.lllluLl-..lll.
PEREPREILEESARIEIREEEIEAERRRERLINSLINY,
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Feature selection - ANOVA

Home

| Steps

One-way Analysis of Yariance (ANOY

Significance Level (alpha) :

Post-hoc Analysis

-log10(p)

Compounds || p.value || -log10{p} Post-hoc (Fisher's LSD)
Methylamine 0o 6.44521 45-0;, 45-15, 45 -30
Endotoxin 0o 617744 30-0;45-0;30-15 45-15
3-PP 0o G.12339 0-30,0-4313-30,15-43
Glucoze 0o 596225 45-0; 45-15; 45-30
Alaning 2.0E-5 476571 30-0;45-0;30-15 45-15
Butyrate T.0E-5 417052 0-30;15-30; 45 - 30
Izoleucine T.0E-5 413585 30-0;0-45 30-15 30- 45
3-HP 1.4E-4 388052 19-0,15-30, 15 - 45
Lactate 2.0E-4 3.6996 30-0;30-15 30 - 45
Aspartate 21E-4 368363 0-4313-45 30-43
lsobutyrate 4 9E-4 3.30596 0-30;0-4515-30;15- 45
Uracil 9.0E-4 3.04602 15-0,30-0;45-0
Dimethrylaming || 0.00502 || 2.29908 45-0; 45-15; 45-30
Propionate 0.00536 || 2.27083 45-0; 45-30

Lysine 000539 || 2.2524 0-30, 45-15 45-30
Acetate 0.0051 20913 0-30,0-4515-30

pH 0.01032 || 1.98623 0-30,0-45 13- 45

MOMA 0.01665 || 1.77856 0-1530-15; 45-15
Ferulate 00173 || 1.76206 15-30; 45 - 30

(ST
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Feature selection - SAM

Display | Sam plot with Detts = Wiewy details of the selected festures

Dats Befitor
SAM Plot for Delta =1
—
= 2 cuflow: -t o &
o - ] 27
AR S culup: 1.843 00 L
Ji . 5] X o
P 2~ po o518 B
o A ) a"
o Sigrificart: 15 ;)ad o
ol 7| False: 2.7 g’g‘f}' 0
r ;
] | [ BB o e e e et
LI B
_EBAM -
i I y
_Tree & heatinap n =2 ‘
o .
——— 3 — -
_Kimesan & SO ] P d -
- -
i . 5] #
RandomForest = o 7 8 o
el x
4 o o # #
RS E
g o | R K
N ] P - -~
5. Peak Search w oo™ -
4 £ bt - ,“ .
6. Pathvvary Mapping o 9 <o .
/ .
IR =) o o -
1 Dovivpload — “
1 - /:‘ .
"
8. Log Out 0 o
- . ;
b s
r
2 <
% -
.
n °
i E
"-‘H [a] K

I T T T T I T T | T T I
-2% -20 1% 10 -05 00 05 1.0 1.5 20 25 3.0

Expected d(i) valuss
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2.2  Principal Component Analysis (PCA)

PCA 1= an unsupervised method aiming to find the directions that best explain
the variance in a data set (X} without referring to class labels (Y}, The data are
/ sumrmarized into much fewer variables called seores which are weighted average

of the criginal variables. The weighting profiles are called lsadings. The PCA
analvsis is performed using the proomp package. The calculation is based on

singular value decomposition.

The Rseript chemomstrica.R = requirsd. Figure 6 15 pairwise score plots
providing an overview of the warious seperation patterns among the meost sig-
nificant PC=; Figure 7 1= the scree plot showing the variances explained by the

selected PCs; Figure 8 shows the 2-D score plot between selected PCs; Figure
O shows the 2-I) scare plot between selected PCs; Figure 10 shows the loading

Home plot betwesn the selected PCs; Figure 11 shows the biplot between the selected
Pis,
‘Steps Download
The "Dovvnlosd zip! o & . 'Il - ? -I' -Iz :: ;: -Iq |I5
via email link. The dat: " 3 *{ + R : -
+ B L
Email address | PC1 ##:.;:a“ ﬁfpﬁh*,f i%b L +£‘+§}+;a r
987% || I;‘:_-&I# ‘?fg o 4| e . ,,&f: Al
The email service 1 N A1 J - S5
below. - r oy - -y
o 1@:":.'-*:” PC 2 .,-'"‘féiﬂ““‘ +4) +% i 2@'&'&}
o T 3 + +
ot N | Ml | PO SN N9
Download. 2 ¥
T + o+ % N g 41+ AL
compounds. csv g ¥ + +. 0 F
cotpounds i wdo Nl wd 1| Pos gt |F ekt
B 1 L N
data_normalized. R &'-‘k a:u *5 p 0 % +4’£+ N ‘1: st
4 4 ri a My = F, & "'tf + B
ata_processed.c - L_F7
o F F B
pls_loading.png :: * + e + FC 4 +
+ |5 F i s ‘-
pls_permut png & % a T *ﬂ‘ st 0%
o donz AR [ A AT @;{?"*ﬁ::
s_scoredd pn
i F b L -
rf_cls png AR | v | i =2
.*._t.t'*"'*_h+ ettt * +y i’_r_f" LAY S PCS =
Rhistory.R apefhT | Moy 0t | o 1Y *%5 . 0%
— d * *oa & + & I
sa.mfdrpng T = I e = B A e e
=&70 -855 -3 =i i 3 -3 =1 0 1 I
univar_t.png

Figure 6: Pairwise score plots between the selected PCz. The explained variance
of each PC 15 shown in the corresponding diagonal cell.

METABOLOMICS 20



@ ..\O
3 .« =
@ %9
?
©
@
=) < ©
Visits 7 2 ; .
1R s2s

METABOLOMICS 2010 26



L

Updates & Forecast

Recently upgraded
Support for multiple group analysis
One-way ANOVA & post-hoc analysis

To be added

To add some advanced methods for
Association analysis / ROC / OPLS

To enhance web interfacing with XCMS
Allow local installation

To be released by the end of this summer

METABOLOMICS 2010
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Data Interpretation

Manual approach
Background knowledge plus literature search
Basic & Intuitive
Can be very accurate
Issues

Time-consuming
Subjective
Lack of statistical strength

METABOLOMICS 2010
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Introducing MSEA

http://www.msea.ca

Metabolite Set Enrichment Analysis

Identify biological meaningful patterns from
quantitative metabolomics data

METABOLOMICS 2010



Summary of Human Metaholite Set Libraries

ologically meaningful

Metabolite set

Category "
All 5,380
Dizease associated (hlood) 344
Dizease associated {uring) 290
Dizease associated [(C5F) 105
single Mucleotide Polyrnorphism (SNF) 4 501
associated :
Biochemical pathways Gl
Tissue or sub-cellular location 57
METABOLOMICS 2010

/

/

Distribution of cmpd # in metabolite sets

2cmpd
(44%

1 cmpd
(5%)

=20 cmpd
(2%)
11-20 cmpd
(5%)

3cmpd
(23%a)

(21%)

30



The MSEA approach

Over-representation
Analysis

Single Sample
Profiling

Compound Compound

concentrations concentrations

Compare to normal
references

Compound selection
(t-tests, ANOVA, PLS-DA)

Important compound lists Abnormal compounds

Find enriched
biological themes

Quantitative

Enrichment Analysis

Compound

concentrations

Assess metabolite set
directly (GlobalTest)

Metabolite set libraries

Biological interpretation

METABOLOMICS 2010
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MSEA @ www.msea.ca

Metabolite Set Enrichment Analysis {(MSEA)

- discover biologically meaningful patterns in quantitative metabolomic data

Hews and Updates:

« Added 4 500 SNP- associated metabolite sets (060540, "™

* Added support for Biocrates metabolite [Ds (0607170,

Overview

MSEA is a web-based tool to help identify and intepret patterns of
metabolite concentration changes in a biologically meaningful context for
human and mammalian metabolomic studies.

MSEA provides three types of enrichment analyses:

o ORA performs over representation analysis for a list of metabolites;

o S5P performs single sample profiling on a_biofluid sarmple by first
comparing the measured compound concentrations to their normal
ranges reported in literature and then testing for potentially
interesting pattems;

« QEA performs guantitative enrichment analysis directly on a
compound concentration table with either discrate (hinary, multi-
class) or continuous phenatype labels.

The analyses are based on five built-in metabolite set libraries containing
over 1,000 biclogically meaningful groups of metabalites. In addition,
users can upload their selfdefined metabolite sets (i.e. defined for other
species) for enrichment analysis.

MSEA enables simultaneous biomarker discovery and functional

METABOLOMICS 2010

Enrichment Analysis
Ower Representation Analysis (ORA)
Single Sample Profiling (S3F)
Cluantitative Enrichrment Analysis (QEA)
Other Tasks
Caompound 1D Conversion

Browse Metabolite Set Libraries

Documentation

MSE& Workflow

Library Descriptions

Screenshot Tutorials

32



ver-representation analysis

Single Sample Profiling (SPP)

Enter your data below (two-column data):
- compound labels and concentration values separated by tab

Over Rep

L-Izalecine 0.34 =
Futnatic acid 047

Acetone 0055

Succinic acid 9.4

1-Methyhistidine 9.6

L-Azparagine 19.62

I-Methyhistiine 9.7

L-Threonine 93189

Cregtine 720

cis-Acontic acid  14.39

L-Tryptophan 35.75

L-Carnitire 16.01

L-Serine 17.32

L-Tyrosine BT .51

L-Alanine 219.02

L-Fucose 2037

D-Glucose >3482

Pyroglutamic acid 2638

Formic acid 2672

Indloxyl sulfate 34 .21

Dimethylamine 35.25

Ethanolamine  33.29

Glycolic acid  41.39 -
L-Glutamine  52.89

L-Histicine 5595

Trigoneline 574

J-Amindizobutanoic acid §9.76 LI
Taurine 116 r

Compound label: Compound names __|

A Biofluid (unit) | Urine [umol/mrmal_creatinine] _||
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P
Compound label standardization

Metabolite Set Enrichment Analysis (MSEA)

- discaver binlagically meaningful patterns in quantitative metabolomic data

Compound Label Standardization: << Back Home

PLease note:

« Query names in normal white indicate exact match - marked by "1" in the download file;
e Query names highlighted in yellow indicate approximate matches {for compound name matches) - marked by "2" in the downloaded
file. Users should manually select the correct match by clicking the Wiew link of the corresponding compounds. Otherwise, the first match

will be used;
& Query names highlighted inl@@indicate no match - marked by "0" in the downloaded file;
« Greek alphabets are not recognized, they should be replaced by English names {i.e. alpha, beta)

Query Best Match | HMDB Details
1,6-Anhydro-beta-D-glucose Glucosan HMDEOOE40
1-Methylnicotinamide 1-Methylnicatinamide HMDEOOESS

Z-Armninobutyrate L-Alpha-arminobutyric acid HMDEOO452
2-Hydroxyisobutyrate Alpha-Hedroxyisobutyric acid HMDEROOTFZ2S

2-Oxglutarate Oxoglutaric acid HMDEOOZO0S View
F-Aminoisobutyrate 3-Arninoisobutanoic acid HMDEO3911
F-Hydroxybutyrate S-Hydroxybutyric acid HMDEOOZST
3-Hydroxyisovalerate 3-Hydroxyisovaleric acid HMDEOOTFS4

2-Indoxylsulfate Indoxyl sulfate HMDROOESZ
4-Hydroxyphenylacetate p-Hydroxyphenylacetic acid HMDEOOODZO

Acetate Acetic acid HMDEOOO42

Acetone Acetone HMCOBO1652

Adipate Adipic acid HMDEOO445

Alanine L-Alanine HMDEOO161

Asparagine L-Asparagine HMDBOO1GS

Betaine Betaine HMDEOOO43

Carnitine L-Carnitine HMCOBOOOSZ

Citrate Citric acid HMODEBOOOS4

Creatine Creatine HMDEOODES

METABOLOMICS 2010 34



ldentify abnormal concentration

-
<< Back lp
L
L-Threonine o
Comparison with F
Mote: reference concentratic :
literature, the min and max (. |
{within range), lower con [
COMParisons., Study 1 ' :
I
Compound Concentrati Study 2 —a— I
L |
5 I
L-lsoleusing 034 j:’! Study 3 II |
£ I
ﬂ: Study 4 |
= U H
Fumaric acid 047 B v |
@
Study 5 —— I
Acetone 055 :
Study & —— I
Sucinic acid 94 :
I
1-Methylhistidine 96 l
T T T T T T
0 20 40 60 80 100
L-Azparagine 1962
Concentration Rangs (umal/mmel_creating) b
S-Methylhistidine 9.7
Study || Concentration || Reference || Hote |
L-Th . g3 Shoemaker JO, Elliott WH: Sutomsted screening of urine samples for
RULAS . Study 1 36210582 - 61.58) carbohydrates, organic and amino acids after treatment with urease. J
Chromatogr. 1991 Jan 2;562(1-23125-38. (Pubmed)
Creatine 720 Sturdy 2 12.7 (4934 - 204) Doctor's Data _I =
-
T il il i ]

METABOLOMICS 2010



Library selection

Choose a Metabolite Set Library Home

i+ Pathway-associated metabolite sets

This library contains &8 metabolite sets based on normal metabolic pathways.
" Disease-associated metabolite sets (Blood)

This library contains 416 metabolite sets reported in human blood.

i~ Disease-associated metabolite sets (Urine)
This library contains 346 metabolite sets reported in human urine.
i~ Disease-associated metabolite sets {(CSF)
This library contains 124 metabolite sets reported in human cerebral spinal fluid {CSF).

= SMP-associated metabolite sets

This library contains 4,500 metabolite sets based on their strong association (p value < 1e-3 ) with
detected single nucleotide polymorphisms (SMPs) loci.

" Location-based metabolite sets
This library contains 57 metabolite sets based on organ, tissue, and subcellular localizations.

Self-defined metabolite sets

Click the link above to upload your own custornized metabolite set library

[T Only use metabolite sets containing at least | 2 compounds _|

METABOLOMICS 2010 36



Result

Result Overview

GLYC

Pt

WALINE

MITC

e 5

PYRIMIDINE METABOLISM  []
BILE ACID BIOSYNTHESIS [

Metabolite Set

GLYCIME, SERINE AND THREOMINE
PROTEIM BIOSYMTHESIS
PHENYLALANINE AND TYROSINE M
METHIOMIMNE METABOLISM
AMMONIA RECYCLING
PROPANDATE METABODLISM
CYSTEIME METABOLISM

HENEEEER

GLUTATHIONE METABOLISM
- BETAINE METABOLISM
- ASPARTATE METABOLISM
¥ALINE, LEUCINE AND ISOLEUCINE
TYROSINE METABOLISM

UREA CYCLE

CITRIC ACID CYCLE

- CATECHOLAMINE BIOSYMTHESIS
- ARGINIME AND PROLIME METAEDL
- ALANINE METABOLISM
- TAURINE AND HYPOTAURINE META
BUTYRATE METABOLISM
PANTOTHENATE AND COA BIOSYN
KETONE BODY METABOLISM

GLUCOSE-ALANINE CYCLE

BETA-ALANINE METABOLISM
SPHIMNGOLIPID METABOLISM

MITOCHONDRIAL ELECTRON TRANSPORT CHAIN

1

D W higher concantration in 0" samples
8 highnr coocanttation in "1 * samplee

a0

inleence
s

o 5
-
Lo Tysosine - -

PRUTEIN BIOSYNTHESES

-  e———
Frs ,'0.s "8 Wy N P %1 .- 8®
& ¢ ¢t ¢t ¢t ¢ ¢ ¢ & 3§
§ 5 i ¥ = §F ¥ ¥ %
1P 143223413 1d
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Metabolite Set Enrichment Analysis (MSEA)

- discover biologically meaningful patterns in quantitative metabolomic data

Result Download Home

The "Download.zip" contains all the files in your home directory. These data will remain in the server for 72 hours before
being deleted autornatically.

Download.zip
MSE&_Report.pdf
msea-gea.png
name_rmap.csy
pca-load.png
pca-score.png
pls-load.png
pls-score.png
Rhistory .R

Log Out

SO,

Contact Information:

[t m.'

@

>
&
s

If you have comments or gquestions, please contact:
jianguox@ualberta.ca.

Ao

FUND
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MSEA summary

More biologically-motivated

Simultaneously biomarker identification and
interpretation

Automatic comparison with published data
Important patterns
Reference concentrations
Potential issues
Limited by the size and quality of the knowledge database

For pathway-based metabolite sets
Does not consider the pathway topology
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Introducing MetPA

http://metpa.metabolomics.ca

Pathway Analysis Tool
884 pathways covering 11 model organisms

Enrichment Analysis
Global Test
Global ANCOVA
Topology Analysis
Degree Centrality

Betweenness Centrality

Google-map style visualization

METABOLOMICS 2010
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MetPA

a0y A web-based metabolomics tool for pathway analysis &

L= Metp A visualization

- f:l Home E Help Library

Welcome ( Click here to start analysis )

METPA (Metaholomics Pathway Analysis) is a free and easy-to-use web application desighed to perfarm pathway analysis and
wisUalization of guantitative metabolomic data.

« MetPA accepts either a list of important compounds identified fram your studies, or a metabalite concentration table with
finary , multi-group |, or continuous phenatype labels.
» MetPA combinges three complemetary analyses - pathway enrichment analysis { including hypergeometric test, Fishers' exact

test, Globaltest, and GlobalAncova ), pathway topology analysis { based on degree centrality or betweenness centrality

measures j, and univariate analysis { including t-test, ANCYWA, and linear reqression ), to help identify the most relewvant
metabalic pathways involved in the conditians under study;

« MetPA implements a Google-Map style interactive network visualization system which provides a comprehensive three-level
wiew - metabolome view, pathway view, and compound view. Users can intuitively explore the analysis results through point

and click. The system also supports lossless Zooming, dragging, linking, and highlighting,
o hetPA currently supports pathweay analysis for 11 model organisms, including Human, Mouse, Rat, Cow, Zebrafish,
Arabidopsis thaliana, Rice, Drosophila, Budding yeast, and E.coli., with a total of 884 pathways.

NY OF
% T,

)
ALBERTA ml .IAr:rl:oe\:gEies }{g’ F joa] Contact Information:
Technolo » """"' ' )
! N? ENUITY ‘.‘ aqy h mp &A If you have comments or gquestions, please contact:

Futures % jianguox@ualberta.ca.

5

Utvgy
@
T
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11 pathway libraries (KEGG)

Please select a pathway library :

/V

/

{* Homo sapiens (human) [30]

" Mus musculus (mouse) [82]

" Rattus norvegicus (rat) [81]

" Bos taurus {cow) [81]

" Danio rerio (zebrafish) [81]

" Drosophila melanogaster (fruit fly) [79]
" Caenorhabditis elegans (nematode) [78]

" Saccharomyces cerevisiae (yeast) [65]

" Oryza sativa japonica {Japanese rice) [83]
" Arabidopsis thaliana (thale cress) [87]

" Escherichia coli K-12 MG1655 [87]

METABOLOMICS 2010
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Combining Enrichment analysis & Topology analysis

Please specify pathway analysis algorithms :

) ) {* Hypergeometric Test

Over Representation Analysis :
" Fisher's Exact Test

i* Relative-betweeness Centrality (@

Pathway Tepology Analysis
" Qut-degree Centrality )

Subrmit

Please specify pathway analysis algorithms :

) ) ¥ Global Test

Pathway Enrichment Analysis
" Global Ancova

{* Relative-hetweeness Centrality (2

Pathway Topology Analysis
" Out-degree Centrality (@

Subrmit
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Node importance measure: centrality

Degree Centrality
Local structure;
Highly connected (hub)
The Red nodes

Betweeness Centrality

Global structures;

Sits on many shortest
paths between other O
nodes

The Blue node

METABOLOMICS 2010 45
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Point and Click

The pathrvay can be launched either by clicking the corresponding node on the left image or by clicking the pathway name from the takble belovw . Please note, each node (compound) is clickable.

“ou can zoom in and out using the control buttons below, and then drag the image to the locations of your interest. Place mouse over each metabolite node will reveal it= common name. Click the

node will trigger compound view of the selected compound.

Orwreriew of Pathway Analysis Glycine, serine and threomne metabolism
Cooo4a ol 888
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—~ \
l —
Cﬂﬁldiﬁ 001I102 Cos23s
' !
COElEBE Coo B8 Cool14
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e I
E / “’_‘___,-;“/[/ c . E --.
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e e B |t 1 |r
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COOIEE  COO740 { Cozrar  |Cooe —Thr::unlne 0.09661
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Pathway Impact R|IR| Fit ﬁ @ &l
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Lossless zooming

The pathwway can be launched ether by clicking the corresponding node on the l2ft image or by clicking the pathway name from the table belove, Please note, each node (compound) is clickable.

-log(p)

You can zoom in and out using the cortrol buttons below | and then drad the image to the locstions of your interest. Place mouse aver each metabolte node will reveal it common name. Click the

node will trighger compound view of the selected compaound.

Owerview of Pathway Analysis

'uz TR ....................................................................
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o e W L O SRR S
*®* e o
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$ o
o O
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Xe O:
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Pathway Impact
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i i | : i OCIJOSSH::%H ) 002051 /
0.0 0.1 0.2 0.3 0.4 0.5 { T T l". /
Pathway Impact Q Q Fit ﬁ @ @ ¢>
Pathway Hame Total Cmpd Hits Rawp | -logip) Holm p FDR. Impact v+ | Details
Galactoze metabolizm 4 3 1.3105E-7 555826 6 G333E-6 G.6333E-6 0.01992 HEGG ShP
Starch and sucrose metabolizm 50 3 5.6226E-7 62501 2&113E-5 1.4338E-5 0.0765 HEGG ShiP
Glyoolysis or Gluconeogenesis | 4 1. 4659E-6 58338 7A83E-5 1.9%1EE-5 0.09576 WEGG ShiP ShiP
Pyrurvate metakolism 32 4 1.5995E-6 5.796 7 EBYT4E-5 1.9%1EE-5 0.41957 HEGG ShiP
Amino sugar and nucleotide sugsr metabalizm g3 3 1.9428E-6 57116 9131E-5 1.9816E-5 oo KEGG SMP ShP
Propanoate metabolism 35 4 2.5699E-6 5.5901 1.1822E-4 21844E-5 0.01603 HEGG ShP
Yaline, leucine and izoleucine biosynthesis 27 B 4 .0178E-6 5396 1.508E-4 25278E-5 014592 KEGS SMP
Sulfur metabolizm 18 2 4.019E-6 5.3958 1.803E-4 25278E-S 0.03307 HEGG SMP
Fhenylalanine metabolism 43 5 4 9533E-6 53051 21289E-4 2.5278E-5 0.0315 HEGG ShiP
Inozital phosphate metabolism 39 1 4 95ESE-6 53045 212099E-4 2.5278E-5 013703 HEGG ShiP
Pentose phosphate patheay 32 2 5.5736E-6 5.2538 2.2852E-4 2.554E-5 oo WEGS ShiP
Arginine and proling metabolism 77 5} 8.1109E-6 5.0908 3.2443E-4 3.2248E-5 0.06203 HEGG ShP
Tyrosine metabolism 7B 3 8.22E-6 50851 32443E-4 3.2248E-5 010681 HEGG ShP ShiP
Taurine and hypotauring metabolism 20 3 1.0339E-5 4 9855 39288E-4 3.76E4E-5 0.35252 HEGG SMP
Yaline, leucine and izoleucine degradation 40 3 1.1562E-5 4937 4 273E-4 39311E-5 0.02232 HEGS ShMP
Glycinge, serine and threonine metabolism 45 g 1.4605E-5 48355 5.257TE-4 4 BSS2E-5 0.48304 KEGS SMP
Selenoaming acid metabalizm 22 1 2.0003E-5 4 £959 7.001E-4 6.0008E-5 0.00321 WEGS ShiP
Butanosts metabolism 40 3 2.3138E-5 4 6357 7 BETE-4 6.5555E-5 0.125¢ HEGG ShP
Alaning, azpartate and olutamate metabolism 24 5} 2 4638E-5 4 G054 8.1306E-4 6.6134E-5 0.25546 HEGG ShP ShiP ShiP
Micotinate and nicotinamide metakbolizm 44 3 3.46E8E-5 4 4601 00011094  5.8404E-5 004113 HEGG ShP
Pertoze and glucuronste interconversions a3 2 3.T128E-5 44303 0.001151 9.0104E-5 0.024041 HKEGG
Aminoacyl-tRMA hiosyrthesis 73 12 3.8842E-5 44086 000116583 9.0104E-3 041265 HEGG
Citrate cyole (TCA oyvole) 20 [} 4 0B3SE-5 4.3911 00011754 9.0104E-5 0.32569 HEGG ShiP
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Figure 1: Summary of Pathway Analysts
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The teble below shows the dmatlod results from the pathway wmlysts. Sinee wo aro 1estmg many
pathways at the sams time, 1l statlstical p values from anrlchmant analysts are farthar adjusted oo
mulitpl testings. In partieular, the Total = 1he total mumber of compounds in the pattwey; the Hits s
tha seruslly matehed mumber from the user upkated data; the Fawe p = the oogins] pyslue exdenlated
Erom 1ha enrichment anadysis; tha Holm p 1s the p vahse adjusted by Helm-Bonforrony method; the
FDR p 1 ihe p valus ayeied using Fake Diecovecy Rate; ihe Impact b5 the pathwsy Impast whe
ealeuluted from pathway topology snslvals.
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MetPA summary

Combine statistical analysis and topological analysis
Results are more close to manual identification
Highly interactive visualization system

allows easy hierarchical navigation within a large
amount of information
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HMDB
DrugBank
SMPDB
T3DB

Search: ] Search | [Advanced]

Toxin and Toxin Target Database (T3DEB) is a unique bioinformatics resource that combines detailed toxin data with comprehensive
{ toxin target information. The database currently houses over 2900 toxins described by over 34 200 synonyms, including pollutants,
pesticides, drugs, and food toxing, which are linked to over 1300 corresponding toxin target records. Altogether there are over 33
800 toxin, toxin target associations. Each toxin record (ToxCard) contains over 50 data fields and holds information such as
chemical properties and descriptors, toxicity values, molecular and cellular interactions, and medical information. This information
has been extracted from over 5600 sources, which include other databases, government documents, books, and scientific
literature. The focus of the T3DB is on providing mechanisms of toxicity and target proteins for each toxin. This dual nature of the
T3DB, in which toxin and toxin target records are interactively linked in both directions, makes it unique from existing databases. It
is also fully searchable and supports extensive text, sequence, chemical structure, and relational query searches. The T3DB is
housed on an Apple XServe in the Wishart Lab on the University of Alberta campus, and consists of a LIMS built using the Ruby
On Rails framework along with a Perl-based HTML public interface. It is both modelled after and closely linked to the Human
Metabolome Database (HMDB) and DrugBank. Potential applications of T3DB include toxin metabolism prediction, toxin/drug
interaction prediction, and general toxin hazard awareness by the public, making it applicable to various fields. Overall, the variety
and accessibility of the T3DB make it a valuable resource for both the casual user and the advanced researcher. All of T3DB's
images, descriptive fields and tables may be downloaded here.

T3DB is supported by David Wishart, Departments of Computing Science & Biological Sciences, University of Alberta.
More about T3DB

| What's New?

e T3DB Wersion 1.0 has been released!

‘_ News archive

L1
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Summary
| 15t & 2n * MetaboAnalyst: general data /
generation processing & analysis

== —
e

3'd generation

o

. generation _/

5th
. generation

.'/

« MSEA: Metabolite set enrichment /
analysis

« MetPA: Metabolomics Pathway /
Analysis

* Integrate with other omics data

4
UNDER

CONSTRUCTION,
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