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Outline of Today’s Training

= |ntroduction: Wimal Pathmasiri

= NMR Metabolomics: Rodney Snyder, Susan McRitchie
— Study Design
— Sample Preparation
- Data Acquisition
- Data Pre-processing
— Statistical Analysis
— Library Matching
- Pathway Analysis

= Hands On Exercise: Wimal Pathmasiri
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Nuclear Magnetic Resonance (NMR) Spectroscopy

Detects NMR active nuclei
Robust and highly reproducible
Non-destructive
Quantitative

Used in

— Structure elucidation
Small molecules
Macromolecules (DNA, RNA, Proteins)

— A number of techniques
1D, 2D, 3D
- Molecular motion and dynamics
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NMR Raw NMR ™% \ Processed NMR
Data data Spectrum

Acquisition (GD) ar, cnx, esp, jdx
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Sample Preparation, Data
Acquisition, and Pre-processing

TI
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NMR Work Flow

* Chemical shift region (ppm)
* Integral of bin region

Spread Sheet Compatible + Chenomx, ACD, AMIX

Data Format

Peak Binned
Alignment
I QC Check

NMR Raw NMR e Processed NMR
sample i5ta Transform Phase Spectrum tivariate Data Statistical
Preparation Data and Baseline Analysis Analysis
Acquisition (G Correction 1r, cnx, esp, jdx
Librar .
L Matched J SRR
1 Data
*Optimized *Bruker Avance Il *Bruker Avance Il ) +SIMCA P+ _'MAleAB 2_011_b|
methods NMR Spectrometer NMR Spectrometer * metabolite including Simulin
(biofluids, * concentration AR 2l and Toolboxes
tissues, urine)  <TopSpin Software +TopSpin Software * Chenomx includin (MathWorks, MA)
+QC samples * AMIX MERE
" . . Simulink and «R Statistical
prepared in *Varian Unity *Varian Unity Innova
Toolboxes Programmin,
parallel Innova NMR NMR Spectrometer MathWork: g g
Spectrometer (MathWorks, *Spotfire
MA
*VNMR Software ) -
. apping
VNMR Software *R Statistical «KEGG
Programming «GeneGo

NMR data acquisition is performed by using methods cited in
Beckonert et al. (2007), Nature Protocols, 2 (11), 2692-2703.
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NMR Metabolomics

= Broad Spectrum
— High throughput
— NMR Binning
— Multivariate analysis and other statistics
— lIdentifying bins important for separating study groups
— Library matching of bins to metabolites

= Targeted Metabolomics
- Identifying a set of metabolites
— Quantifying metabolites
- Multivariate analysis and other statistics

= Pathway analysis
- Use identified metabolites
- Use other omics data for integrated analysis PRTI
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= Pathway analysis

Some Software available for NMR Based Metabolomics

FREE
NMR Data Processing
o ACD Software for Academics (ACD Labs, Toronto, Canada)

Multivariate data analysis

o MetaboAnalyst 3.0 (http://www.metaboanalyst.ca)
o MEetATT (http://metatt.metabolomics.ca/MetATT/)

o MUMA (http://www.biomolnmr.org/software.html)

o Other R-packages

Library matching and Identification
o BATMAN (Imperial College), Bayesil (David Wishart lab)

o Use of databases
Birmingham Metabolite library, HMDB, BMRB

o Metaboanalyst, metaP Server, Met-PA, Cytoscape, KEGG, IMPi,:\ILéI

Also available through www.metabolomicsworkbench.org ~  woorews




RTI International

Some Software Available for NMR Based Metabolomics

COMMERCIAL

= NMR Data-preprocessing
o ACD Software (ACD Labs, Toronto, Canada)
o Chenomx NMR Suite 8.1 Professional
= Multivariate data analysis
o SIMCA 14
= Other statistical analysis
o SAS, SPSS
= Library matching and quantification
o Chenomx NMR Suite 8.1 Professional
= Pathway analysis
o GeneGo (MetaCore Module)
o Ingenuity Pathway Analysis (IPA)
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Study design Important Steps in Metabolomics Analysis

o Match for factors such as gender, ethnicity, age, BMI (human studies)
o Use of same strains in animal studies
= Sample collection
o Collection vials, anticoagulant use (heparin, citrate, EDTA)
= Sample storage
o -20°C, -80 °C, minimize freeze-thaw cycles
= Sample preparation
o Optimize the methods and use them consistently throughout study
o Daily balance and pipette checks
= Use of Quality Check (QC) samples
o Pooled QC samples (Phenotypic and combined pooled samples)
o Use matching external pooled QC samples where pool samples cannot
be prepared from study samples
= Consistency and reproducibility are the keys for a successful
metabolomics study ¥RTI
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Sample Preparation for Metabolomics Analysis
Current sample preparation practices (in brief)
= Biofluids

- Dilute with D,O/ buffer/ 0.9% Saline

— Add internal standard (ISTD, eg. Chenomx) solution or
formate (for serum).

— Centrifuge and transfer an aliquot into NMR tube
= Tissue and Cells
- Homogenization performed in ice cold 50/50 acetonitrile/water
— Supernatant dried down (lyophilized)
- Reconstituted in D,0 and ISTD (eg. Chenomx) solution
= Pooled QC Samples (Sample Unlimited)
- Mix equal volume of study samples to get pooled QC samples
- 10% QC samples
» Pooled QC Samples (Sample Limited) Samples are randomized
! e for preparation and data
- Use independent pool of similar samples N
acquisition
- 10% QC samples
= Daily balance and pipettecheck S
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= Aliquots from each sample in the
study phenotype are pooled
(phenotypic pool)

= Equal amount of each phenotypic
pools are pooled (Combined

] phenotypic pool)
l = Replicates of pools are prepared

= Pool samples are prepared along
with the study samples
% Equal amounts
Qi Phenotype 1Y Phenotype 2
Pool QC Pool QC i
% % - Sobined Pooled samples
3 BRTI

Phenotypes :
Pool QC should cluster tightly — wsos

Phenotype 1 f Phénofype 2
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NMR Data Acquisition

= 1D NMR

— 1stincrement of NOESY
noesyprid (Bruker)

- CPMG (serum or plasma)
cpmgprld (Bruker)

To remove broadening of signals due
to macromolecules (eg. Proteins and
lipids)

= 2D NMR (for structure
elucidation)
- 2D J-Resolved
L. CosY
- TOCSY
- HSQC
- HMBC
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L Probe
E==

| —
Sample

Volume _|
4 |- coits
:

Sample volume
== should cover the

NMR Coil Region

For optimum field

e o ° homogenization E"”" -
Q e j
o

= Atleast 10% D,O in the sample

=  Optimum volume
For very small sample amounts, a
- 550-600 uL (Smmtube)  NMR with a microcoil probe is an

- 200 uL (3 mm tube) option.
» Sample gauge is used AVANCE Beginners User Guide 004 (Bruker, Germany)
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NMR Data

= A typical 'TH NMR Spectrum consists of thousands of
sharp lines or signals.

= The intensity of the peak is directly related to the number
of protons underlying the peak.

= The position of a particular peak in the X-axis of the NMR
spectrum is called the “Chemical Shift” and it is
measured in ppm scale

= The NMR spectrum obtained for the biological sample is
referenced using a reference compound such as DSS,
TSP, or Formate added to the sample in sample
preparation step.

= pH indicator may also be used (for example, Imidazole)

DSS=4,4-dimethyl-4-silapentane-1-sulfonic acid, TSP=Trimethylsilyl propionate PFRTI

RTI International

Normalized Intensity

N 'H NMR Spectrum for Alanine B (pratons)

= Peak position is called
“‘chemical shift”

» |t depends on the
chemical environment

E Alanine = Splitting of peak is
053 dependent on
3 neighboring *H atom(s)

= Area under peak

- A (one proton) proportional to the
02 number of 'H atoms
E underlying it
01
I |
40 T 35 3.0 25 Chemical szh?ﬂ (o) 1.? 1.0 05 0

Chemical shift of CH Chemical shift of CH, BRTI
4 lines (quadrat) 2lines (doublet) | e
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Normalized Intensity
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Data Pre-processing

After NMR data acquisition, the result is a set of spectra
for all samples.

For each spectrum, quality of the spectra should be
assessed.

— Line shape, Phase, Baseline

Spectra should be referenced

— Compounds commonly used: DSS, TSP, Formate

Variations of pH, ionic strength of samples has effects on
chemical shift

- Peak alignment

— Binning or Bucket integration
Remove unwanted regions
Normalize data (remove variation in concentration of
samples) PIRTI

High quality data are needed

10
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Quality Control Steps

= Quality of metabolomics analysis depends on data
quality

= Typical problems
— Water peak (suppression issues)
— Baseline (not set at zero and not a flat line)
— Alignment of peaks (chemical shift, due to pH variation)
— Variation in concentration (eg. Urine)

= High quality of data is needed for best results

RTI International

Water Suppression Effects and Other Artifacts

= |If water is not correctly suppressed or removed there will
be effects on normalization

= Need to remove other artifacts

= Remove drug or drug metabolites

foood Water_Suppression sp

Water o Water

uuuuuuuuuuuuuuuuuu

Same Serum.sample

s

remica St om) renica St om)

11
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NMR Pre-processing

Before After
U JUCASEL0470.esp. Y JUCASEL0470 esp
.

Normaiized inensty

) § 6 i
Chemical Shift (ppm)

Phase

T T T T T T T T T T
s 3 7 5 5 i 3 2 1 0
Chemical i (ppm)

M 5 Reference,
aseline to be Line shape
corrected

HRTI
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pH Dependence of Chemical Shift

Chemical shift Variability PH Sensitivities for Cluster 0
K pH pH 4.09

= jonic strength \
= metal concentration P

Methods to overcome this
problem - oHuT
= Use a buffer when preparing S
samples
= Binning (Bucketing)
o Fixed binning
o Intelligent binning PHSA  pynp  PHES
o Optimized binning |\ I
= Available data alignment tools |
o Recursive Segment-wise
Peak Alignment (RSPA)
o Icoshift
o speaq
http://www.chenomx.com/software/software.php nRTI

Savorani, F. et al, Journal of Magnetic Resonance, Volume 202, Issue 2, 2010,190-202 ~ NTesNaTionAd
Vu, T. N. et al., BMC Bioinformatics 2011, 12:405

pom
L



http://www.chenomx.com/software/software.php
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Peak Alignment

Example
icoshift
One of the Citrate peaks
a | before
2.68 72.66 ) 2.64
b | after
2.74 2.;2 2l7 2.'68 2.66 2.64

3 [ppm]

Savorani , F. et al, Journal of Magnetic Resonance, Volume 202, Issue 2, 2010, 190 - 202

RTI International

Example Peak Alignment
speaq
Shectra | Peakfinding | JOREE s RO |~ Quantifcaton

Vu, T. N. et al., BMC Bioinformatics 2011, 12:405

13
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NMR Binning

= A form of quantification that consists of segmenting a spectrum
into small areas (bins/buckets) and attaining an integral value for
that segment

= Binning attempts to minimize effects from variations in peak
positions caused by pH, ionic strength, and other factors.

= Two main types of binning
— Fixed binning
— Flexible binning

|

_ ﬂA_»‘wJLJ_.u_Jﬁ#M‘t“ W ‘J‘ '

pm 10 9 & 7 6 5 4 3 2
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NMR Binning

= The entire NMR spectrum is split into evenly spaced integral

Peak shift can regions with a spectral window of typically 0.04 ppm.
cause the same

peak across
multiple samples
to fall into
different bins

= The major drawback of fixed binning is the non-flexibility of the
boundaries.

= If a peak crosses the border between two bins it can significantly
influence your data analysis

Signals for citrate

are split into

multiple bins
|

Citrate

| Fixed Binning |

|
I
I
|
|
I
I
|
|
I
I
|
|
|
5

2.




Signals for citrate
are split into
multiple bins

inning

Fixed Binning
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Downfield / Remove&re\gions \ DSS and
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Integrate bins (0.04 ppm bin size) Binning

= Normalize integral of each bin to the total integral of each spectrum

= Merge metadata

= Result is a spreadsheet ready for further multivariate data analysis and
other statistical analysis

sample ID  Disease Grougf | [0.40 .. 0.46] [0.46 .. 0.52] [0.52 .. 0.54] [0.54 .. 0.57] [0.57 .. 0.60] [0.60 .. 0.66] [0.66 .. 0.68] [0.68 .. 0.71] [0.71 .. 0.75]
C0559 Cases 7.60E-05 ~0.00E+00  7.32E-02  848E-02 320E-02 1.84E+00 1.31E-01  3.60E-01  3.67E-01
C0629 Cases 0.00E+00  1.78E-02 0.00E+00 218E-02 0.00E+00 1.08E+01 0.00E+00 0.00E+00  3.02E-02
C0640 Cases 344E-04 0.00E+00 183E-03 186E-04 0.00E+00 451E+00 0.00E+00 0.00E+00  0.00E+00
C0835 Cases 6.41E-04 0.00E+00 6.44E-03 0.00E+00 3.96E-03 3.28E+00  0.00E+00 5.12E-03 1.75E-02
D0613 Cases 6.63E-03 0.00E+00  0.00E+00 1.06E-02 0.00E+00  5.79E+00  0.00E+00 6.36E-02 3.02E-01
D0762 Cases 0.00E+00  0.00E+00 1.79E-02 1.98E-02 0.00E+00  9.37E+00  0.00E+00  0.00E+00 1.74E-02
D1113 Cases 3.14E-03 2.42E-03 8.02E-02 1.04E-01 5.32E-03 3.74E+00  0.00E+00 2.02E-02 1.84E-01
D1158 Cases 0.00E+00 ~ 3.71E-03  2.35E-02 4.83E-02 0.00E+00 502E+00 0.00E+00  1.91E-02  0.00E+00
D2090 Cases 0.00E+00  0.00E+00  2.45E-03 ~ 9.98E-04 0.00E+00 5.76E+00 0.00E+00  1.24E-02  1.04E-02
E0004 Cases 172E-03 0.00E+00 6.85E-02 3.05E-02 0.00E+00 147E+00 6.90E-02  3.61E-01  4.08E-01
E0195 Cases 0.00E+00  1.69E-03 557E-02 6.29E-02 0.00E+00 277E+00  1.34E-01  2.04E-01  4.56E-01
E@Z@ét ad ‘r{ﬁis 1.25E-03  0.00E+00 Nﬁgi.n aﬂﬁéﬁ ﬂm& dg@éﬁé 0.00E+00  1.08E-02  2.30E-02

'S 4.11E-03 0.00E+00 . - . X A o 3 0.00E+00 3.28E-02 9.09E-01
E0487 Cases 1.72E-03 0.00E+00  0.00E+00 1.00E-02 0.00E+00  4.00E+00  0.00E+00 1.36E-02 0.00E+00
F0036 Cases 1.66E-02 0.00E+00  0.00E+00 2.06E-02 0.00E+00 1.22E+01 1.04E-02 0.00E+00 5.97E-01
F0108 Cases 0.00E+00 2.31E-03 6.30E-03 1.11E-02 0.00E+00  7.17E+00  0.00E+00 1.65E-02 2.21E-01
A0233 Control 0.00E+00 ~ 1.86E-02 0.00E+00  182E-02 0.00E+00 161E+01 0.00E+00  2.91E-03  0.00E+00
A0490 Control 0.00E+00  0.00E+00 2.99E-03  3.60E-02 0.00E+00 2.97E+00 0.00E+00  4.00E-02  5.46E-01
A2003 Control 0.00E+00  0.00E+00  345E-02  2.20E-02 0.00E+00 1.80E+00 0.00E+00 0.00E+00  0.00E+00
C0586 Control 0.00E+00  1.69E-02 0.00E+00 6.64E-03 0.00E+00 192E+01 0.00E+00  6.51E-02  0.00E+00
c2177 Control 0.00E+00  0.00E+00 3.02E-02 3.59E-02 0.00E+00  2.35E+00  0.00E+00 3.19E-02 1.49E-01
D0177 Control 9.21E-03 0.00E+00 1.69E-02 1.47E-02 0.00E+00  2.43E+00  0.00E+00 4.46E-02 0.00E+00
D0729 Control 0.00E+00 1.88E-03 5.58E-02 7.87E-02 2.92E-02 3.16E+00 6.59E-02 2.80E-01 4.30E-01
D0909 Control 0.00E+00 1.08E-03 0.00E+00 5.69E-03 0.00E+00  2.49E+00  0.00E+00 1.01E-02 1.87E-01
D0945 Control 0.00E+00 4.79E-04 7.00E-03 0.00E+00 4.19E-03 3.99E+00  0.00E+00 1.11E-03 3.96E-02
D1174 Control 0.00E+00  9.33E-04  0.00E+00 343E-03 130E-02 7.21E+00 6.53E-03 0.00E+00  1.66E-02
D2054 Control 155E-03  0.00E+00 0.00E+00 122E-02 0.00E+00 2.07E+00 0.00E+00  1.28E-02  3.90E-01
D2062 Control 2.39E-05 0.00E+00  6.04E-02 299E-02 0.00E+00 4.94E+00 0.00E+00  9.95E-03  0.00E+00
D2079 Control 2.73E-02  0.00E+00  1.81E-03  117E-02  0.00E+00  3.38E+01  7.87E-02  0.00E+00  5.91E+00 | '""****"°***

16
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Data Normalization,
Transformation, and
Scaling

RTI International

Data Normalization

= Normalization reduces the sample to sample variability
due to differences in sample concentrations—particularly
important when the matrix is urine

— Normalization to total intensity is the most common method

For each sample, divide the individual bin integral by the total integrated
intensity

— Other Methods

= Normalize to a peak that is always present in the same
concentration, for example normalizing to creatinine

= Probabilistic quotient normalization
= Quantile and cubic spline normalization

17
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Centering, Scaling, and Transformations

I Centeri o = ;
entering xij — xij —-X; m Log transformation J~C,J 10 log(x!] }
5Cl] = J~ci'j 7§l
Power transformation N
. Yj = ("u }
Il Autoscaling X — X o
ii] _y ! x; =% — &
Si
R li -
ange scaling - xij X;
K (xi -x ) Analysis results vary depending
. e on the scaling/ transformation
Pareto scaling =
P methods used.
Ul \/;
Vast scaling (x__ 75_) - Van den Berg et al 1006, BMC
~ 1] 1 i .
X =7 A Genomics, 7, 142
SI' Si'
Level scali -
evel scaling . xij xl
Xjj —
X
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¢ Before transformation o After log-transformation

— skew distribution — More close to normal distribution

cuprum.DS1 cuprum

Histogram of DS1 kNI cuprum. M1 (PCA-X), PCA for overview log-transform

Histogram of M1.XVar(kNi)(trans)

Count

Count

orTomnosnana
=IRRISE83ES
cococoocooso

Bins

Susan Wicklund, Multivariate data analysis for omics, Sept 2-3 2008, BRTI
Umetrics training e

18
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Scaling

= Unit variance (autoscaling) divides the bin intensity by
the standard deviation
- May increase your baseline noise
- Dimensionless value after scaling

= Pareto scaling divides the bin intensity by the square
root of the standard deviation
- Not dimensionless after scaling

= For NMR data, centering with pareto scaling is
commonly used

RTI International

= Mean centered and scaled data B o
. . Treated
= Non-supervised analysis -
o Principal component analysis 01 O 10s
(PCA) wz?m o2 o.’cfn'jf'
A ) g o0 -0 03 @ @cC-0:
= Supervised analysis T8 0s o1 Q0
o PLS-DAand OPLS-DA O ores| @0 PCA
= Loadings plots and VIP Plots to oca
Identlfy dlscrlmlnatory blns 7309800 -600 -400 -200 0 200 400 600
= p'VaIUe, fOId Change 99 R2X[2] = 0.0924 e <ucEllipse; Hotelling!s 72.C9
¥ control
oco ri : VIP Plot
200 15
g 10 C05@ o4 T;“.T,oz _
5o ___@cos :Tsj&TT4 £10
% -100 Cci;;.‘c o1 T 08‘ ":06-‘0 ‘
: c-10 T-09 5
2 @co03
. OPLS-DA o
-40%00 -600  -400  -200 0 200 400 600 R < ¢ "“’q‘“‘;"”'“:’l!’:,fw;.: ’v“« V»:‘;j
1.00087 * t[1
& REESIE G 1 L']uzswcfuZP%&'ZHP}FJL"NA& B ERTI
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Library Matching
Pathway Analysis

= Over 320 metabolites
» pH sensitive library of 1H'NMR Spectra

= 'Customizable

Chenomx Library

20
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Chemical Shift and pH Dependence

PpH Sensitivities for Cluster 0 -
pH 4.09
phg.64
pHS.01
PHS5.35
\___‘___’_ pHE.78
PH (vall
pHE78
pH4.09
PHAG s P
| | I H
‘! I
|
Iu‘ “'. Ll
A
PRTI
Source: http://www.chenomx.com/software/ s
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NMR Spectrum of Urine with

Chenomx Library Fit of Metabolites

£
g £ 5 3
5 § g
g H oz |38
£ £ (k. |
B 2E| |
R, Ez
: H £ s T NRIR: 5
k4 & ‘ i, I : é
g 3 |- i ¢
Fiy 1 B ML ‘ ' E 2 8s 1 2
155 37 |‘y \ £ £xd 2 g
e \ ) J | 877 8
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Fitting of Metabolites
|

'\‘| || ’h‘. I I Il | h “
N [aR (- I .‘“" il

FUU I i ,J‘Lv'r'ﬂ.,ji‘l 1 ‘L.‘I‘. i : \ R
FRTI
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Fitting Taurine

A l |
HzN/\/ \\




Fitting Fucose

0.47 mM

My, -0 ok
R F N
ucose
o™ E_J:OH
oH

Additive Fit
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Additive Fit

Selectsd 1 chster 0.34 * | [ < Reference Card -
rom

7| )

[ e —

S
] q
| ML
| ﬂ I i LY 'w\ﬂ,!{ 1
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Chenomx Helps Resolving Ambiguity in
Highly Overlapped Regions

1-Methylhistidine Glycolate

3.970 3.965 3.960 3.955 3.950 3.945 3.940 3.935
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Interpreting Results and Pathway Analysis

Once we have performed a metabolomics
analysis:

= We find some important metabolites that are responsible
for the separation of study groups.

= The next question is “What it means?

= How do you correlate these finding to your study
guestions?

= Does it explain any findings that are meaningful for your
study hypotheses?

= Does it generate a new hypothesis?

= How do you answer these questions?

Next step is to interpret results and
metabolic pathway analysis PIRTI

RTI International
e

Interpreting Results and Pathway Analysis

= There are a number of freely available software
o meta-P Server, Metaboanalyst, Met-PA, web based
KEGG Pathways, Cytoscape.
o GeneGo, Ingenuity Pathway Analysis (Commercial)
= Another way of interpreting metabolomics results is to use
traditional biochemistry text books.
= The input for pathway analysis is typically a list of
metabolites (with any fold change or p-value information)
= Genomics, transcriptomics, and/or proteomics data can be
integrated
» Once these pathways are identified, you may perform a
targeted metabolomics analysis to validate the findings from
global analysis.




Day 0 serum- Predicting Day 28 Response

to Vaccine

Subset of Metabolites that Influence the
Separation of Subjects at Day 0
PLS-DA (VIP 2 1 or p-value < 0.1)
Day 0 — High Responders (Black) vs Isoleucine** Creatinine**
Low Responders (Red) Leucine** Cysteine**
Valine Histidine
3-Methyl-2-oxo-isovalerate ~ Choline

3-Hydroxybutyrate Glucose
Lactate Betaine
WEEEK] Alanine TMAO
Acetate** Glycine
Proline* Glycerol
Glutamate** Serine
Glutamine** Creatine
Pyruvate Tyrosine*
2-Oxoisocaproate Histidine
Methylguanidine** Tryptophan
Formate Phenylalanine

. *p-value < 0.05, **p-value < 0.1
Preliminary results § p PIRTI
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GeneGo Network

Analysis Day 0 High vs Low Responders
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Receptor ligands/binding proteins related to gene markers from O Metabolites that linked
O genetics analysis. Majumder et al. 2012, Eur. J. Human Genetics, in the pathways
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Literature

NMR data acquisition is performed by using methods cited in Beckonert et al.
(2007), Nature Protocols, 2 (11), 2692-2703.

Xia, J. et al (2011) Web-based inference of biological patterns, functions and
pathways from metabolomic data using MetaboAnalyst, Nature Protocols 6,
743-760 (2011) doi:10.1038/nprot.2011.319

Hao, J. et al. (2014) Bayesian deconvolution and quantification of metabolites
in complex 1D NMR spectra using BATMAN, Nature Protocols 9, 1416-1427
(2014) doi:10.1038/nprot.2014.090

Savorani, F. et al, Journal of Magnetic Resonance, Volume 202, Issue 2,
2010, 190 — 202

Vu, T. N. et al., BMC Bioinformatics 2011, 12:405
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NMR Metabolomics
Hands-On Exercise
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NMR Hands On Exercise
= Drug Induced Liver Injury (DILI) Study using Rat Model

= 3 Study groups and 2 time points
— Vehicle Control (time matched)
- Low Dose (“no effect” level, Day 01 and Day 14)
- High Dose (Day 01 and Day 14)

» 24h Urine collected

= Samples prepared by mixing an aliquot of urine with
Phosphate buffer + Chenomx ISTD (DSS, D,0, and
Imidazole)
- DSS (Chemical shift and line shape reference)
- Imidazole (pH referencey NS

RTI International

Binned Data

= Three (3) Spreadsheets provided
1. UAB_RFA Metaboanalyst.csv
2. UAB_RFA Metaboanalyst D14 NoPools.csv
3. UAB_RFA_ Metaboanalyst D14 Vehicle_vs_ HighDose.csv

= Spreadsheets 2-3 were derived from the initial
spreadsheet no. 1 (for easy upload into Metaboanalyst in
the subsequent analyses)
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Please go to the webpage:
http://www.metaboanalyst.ca/MetaboAnalyst/

MetaboAnalyst 3.0

PN S =
Home
Overew
. = 120 1 confidence interval emometnc s and R = L
JA s + Upsdated the Hoatmaps for b 2014
£40s : Integrated Patvuay Analysis on gere x .
Tl . > . « Biomarker Analysis £
Upayte istory + Added a new modie on Power Analysis 10 support sarmpie o analyss for e stuse
Contat
Please Chte:
Avous
Xia_1_Mancal R_ Snaineov | Broachurst D and Wasart
metaboions data anaicus Nuct Acits Res. 40, WIZ7-
‘TMIC
.

TI
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MetaboAnalyst: Functional Modules

Please choose a functional module to proceed:

This module offers various commanly used statistical
and machine leaming methods from ttests, ANOVA
to PCA and PLS-DA. It also provides clustering and
visualization such as dendrogram, heatmap, K-
means, as well as classification based on random
forests and SVM

© Pathway Analysis

This module supports pathway analysis (ntegrating
enrichment analysis and pathway topology analysis)
and visualization for 21 model organisms, including
Human, Mouse, Rat, Cow, Chicken, Zebrafish
Arabidopsis thaliana, Rice, Drosophila, Malaria
Budding yeast, E.col, etc., with a total of ~1600
metabolic pathways.

© Power Analysis

This module allows you to upload a pilot data set to
calculate the minimum number of samples required to
detect the exsistence of a difference between two
populations with a given degree of confidence.

© Integrated Pathway Analysis

To perform joint metabolic pathway analysis on results
obtained from metabolomics and gene expression

studies under the same experimental or biological

© Enrichment Analysis

This module performs metabolite set enrichment
analysis (MSEA) for human and mammalian species
based on several libraries containing ~6300 groups of
biologically meaningful metabalite sets. Users can
upload a list of compounds, a list of compounds with
concentrations, or a concentration table.

© Time Series Analysis

This module supports data overview (PCA and
heatmaps), two-nay ANOVA, multivariate empirical
Bayes time-series analysis for detecting distinctive
temporal profiles across different experimental
conditions, and ANOVA-simultaneous component
analysis (ASCA) for identification of major patiems
associated with each experimental factor.

© Biomarker Analysis

To perform various ROC curve based biomarker
analysis. It supports classical single biomarker
analysis, multivariate biomarker analysis, and manual
biomarker selection and evaluation

© Other Utilities

This module contains some utilty functions commonly
used for metabolormics data manipulation and AN
analysis. At this moment, compound ID conversion is
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Data Upload

i MetaboAnalyst 3.0 w
- a comprehensive tool for metabolomic

e
e 1) Upload your data
Uplad
¥ Frocessing Comma Separated Values (.csv) :
1 4

Mormalization
¥ Statistics Data Type: Concentratior Spectral bins ) 'Peak intensity table

a
Downlozd 2 Forma Samples in rows (unpaired >
Log out
Data File: (| Choose File | No !\gchosen

Zipped Files (.zip) :

Data Type: NMR peak list . /MS peak list ' MS spectra
Data Fil Choose File | Ne file chosen Submit

Pair File: Choose File | No file chosen

TI
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Data Integrity Check

p—
. o MetaboAnalyst 3.
i “ - a comprehensive tool
i 3
b bodh o L k
E .
Data Integrity Check:
- o 1. Checking the class labels - at least three replicates are required in each class.
2. Ifthe samples are paired, the pair labels must conform to the specified format.
Pre-process
— 3. The data (except class labels) must not contain non-numeric values.

4. The presence of missing values or features with constant values (ie. all zeros)
Missing valve

Data fier
Data editor Data processing informatior
Goler picker Checking data content...passed

Normalization
Samples are in fows and features in columns.

¥ statistes

The uploaded fle is In comma separated values (csv) format

Download

Log out The uploaded data file contains 38 (samples) by 231 (spectra bins) data matrix.

7 groups were detected in samples.
Samples are not paired.

All data values are numeric

Atotal of 0 (0%) missing values were detected

By default these values will be replaced by a small value
Click Skip button ifyou accept the default practice

Or click Missing value imputation to use other methods

Missing value estimation

Last modified 2015-02-06
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Data Filtering

MetaboAnalyst 3.0
. - a comprehensive tool suite for metabolomic

{ Data Filtering:

. The pupose of tha data fitering is to identy and remove variadies tat ar

unlikety 1o be of use when modeling e data No phenotipe

e NMAton are used In the fitering Process. 30 e resullcan be Lsed witn any downsteam analysia This step (s SYONG recOMMeNded for
[~ untargetsd metabolomics Gatasets (16, Spectal bINNING data, peak sts) wah 1arge NuMDe of variadias. many of them are o bassine
e nolses. Fitering can usualty Imarove the results, For details, pleasa refer % e pager by Hackstaot et
O et Non-formalive variabies can be characierzed n two groups: varabies of very STl vaiuss - hese variabies can be Getected using maan
Dote achor Of MeaN. variabies Mal are Near-coNStant INOUGNOUL N exerment coRNions - Nese vanables can e delecied using SLANGAID deviaton

o Db (SD); or e robust estimate such as intsrquantie range (OR) Tne retatve standard deviaton(RSD = SDMean) s another usetul vanance
Mormetzston measure mdependent of e mean. The folowing emprical rules are appied during data Sering:
Cannlow « Loss than 250 variables. 5% wil be fitered

« Between 250 - 500 variables 10% will be fitered
« Between 500 - 1000 variables: 25% will be fiterad,
« Over 1000 variables. 40% wil b

tored,

Ploase note, in order 10 feduce the computatanal burden 1o e ser

110 None option is only for less man 2000 features. Over that fyou
€naose None. the IGR filer wis st be applied. 1n adaiton. e max

um allawed humber of variables i 5000. If over 5000 variables were
/&% a%er fltering, anly the 1op 5000 will be used In the suBSEqUEnt analysis.

® intorguantde range (1GR)
Standard deviation (SD)
Median absolute deviation (MAD)
Relative standard deviation (RSD = SD/mean)
Non-parametric relative standard deviation (MAD/median)
Mean intensity value

Median intensity valu

None (less than 2000 features)

FRTI
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Data Normalization

camgones.

e two Oferent

5 genec-pupose Sousment 1 Smeren,

among sampies

o5 more comparavie ¥

retemt

Sample normalization

- Sample specific normalization (i.e. dry weight. volume)

Normakzaton by sum
Normakzation by medan

Normakzation by reference sample

® Specity a reference sample _V_D01. =
Create a pocled average sample from group "O_C z
Normaization by reference feature 52 M
Data wanstormation
® None
Log wanstormation (geneciized loganthm transfomaton of glog

Cube root transtormation (take cube roct of data values
Data scaling
None
Auto scatng  (mean-<ertered and Gnided by the standard deviation of sach vanatle

® Pareto scatng (mean-< entesed and Sded by he Square oot of Standad deviation of each

anabie

Range scaing (mean-< entersd 3nd dided by the ange of sach vanable

PRTI
@ INTERNATIONAL
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=

Summary: Normalization

TI

RTI International

.\ii i

il

#

3

Processing

Pre-process

Wissing value
Data editor
Color picker

Downlosd

Log out

MetaboAnalyst 3.0 =
— a comprehensive tool sui

Select an analysis path to explore :

Univariate Analysis
Fold Change Analysis T-tests Volcano plot
One-way Analysis of Variance (ANOVA)
Correlation Analysis ~Pattem Searching

Multi

Principal Component Analysis (PCA)
Partial L east Squares - Discriminant Analysis (PLS-DA)

cation

riate Analysis

Significant Feature Ider

nalysis of Microamay (and (SAM)

Empirical Bayesian Analysis of Microaray (and Metabolites) (EBAM)
Cluster Analysis

Hierarchical Clustering: Dendrogram ~ Heatmaps

Partitional Clustering: K-means ~Self Organizing Map (SOM)

Classification & Feature Selection
Random Forest

Support Vector Machine (SVM)

Last modified 20150206
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Pooled QC Samples

MetaboAnalyst 3.0
- a comprehensive tool suite for metabolomic

Overview || ScreePlot | 20 ScoresPlot | 30 Scores Plot  Loadings Plot | Biplot
(vagging as Clicking - . pie Scrolling
. 2t out. use the Export Image button below 10 export the cunent view 35 3 PNG image
Update  Expont
®
B
N
WP

X a bled

i 2| LA samples
T

o
C B 2
e
Ce— e
7 = e
. > 2 > A I A AY AN . 2 s
II l’ l’ ‘\ \\ \\

~ F=——tt S BIRTI

|t it 04020
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PC 2 (16.4 %)
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PCA Day 01 and Day 14

Scores Plot
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Perform PCA

Heat map

Perform PLS-DA

Day 14: Vehicle, Low Dose, and High Dose Groups

Please go back to the start page and upload the data

We will compare high dose vs vehicle
- 2. UAB_RFA Metaboanalyst D14 NoPools.csv

Vehicle, Low Dose, and High Dose groups

Scores Plot

Day 14 PCA Scores Plot

PC 2 (14.4 %)

A P_HD_D14_120

AP_HD_D14 120
£ P_HD_D14_120

AP_HD_DL4_120

AP_HD_D14_120

PC1(47.7 %)

& HD_D14
+ LD_D14
x V_Dl4

% P_V_D14_040

R o0

+D_LDDI4 110 o TR
iy FRp14
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XPV_ D14 040

+ FLLDLDRES 014 000
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Loadings 2

Vehicle, Low Dose, and High Dose groups

PCA Loadings Plot
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Component 2 ( 10 %)

10
I

Vehicle, Low Dose, and High Dose groups

PLS-DA Scores Plot

Scores Plot

A HD_D14

+ LD D14
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Vehicle, Low Dose, and High Dose groups

PLS-DA Loadings Plot
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High Dose Low Dose

gl Day 14 Heat Map
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Please start from the start page and upload the data

= We will compare high dose vs vehicle

Comparison of Day 14 High Dose and Vehicle

- 3. UAB_RFA_Metaboanalyst D14 Vehicle_vs_HighDose.csv

= Perform PCA

= Perform PLS-DA

= VIP Plot

= Heat map

RTI International

-20 -15 -10 -5 0 5
PC1(55.9 %)
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Day 14 PLS-DA Scores Plot: High Dose vs Vehicle

Component 2 ( 17.8 %)

15
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Scores Plot
A HD_D14
+V_D14
AP_HD_D14_120
4 B_v_D14_0s0
+P_V_D14_0i0
AP_HD_D14 120 SRy o1 00
£ P_HD_D14_120 L oo
£ P_HD_D14_170
AP_HD_D14 120
+P_v_Dis 040
T T T T T -
15 10 5 [ 10 15

Component 1 { 55.8 %)

TI

RTI International

Day 14 PLS-DA VIP Plot: High Dose vs Vehicle
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Day 14 Heat Map: High Dose vs Vehicle

High Dose Vehicle

Top 50 bins in
the VIP Plot

RTI International
Thank You!

If you have any questions, please e-mail me

wpathmasiri@rti.orqg

Useful link:
Metabolomics Workbench
http://www.metabolomicsworkbench.org/
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