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Outline of Today’s Training

= [ntroduction: Wimal Pathmasiri

= NMR Metabolomics: Wimal Pathmasiri
- Study Design
- Sample Preparation
- Data Acquisition
- Data Pre-processing
- Statistical Analysis
- Library Matching
- Pathway Analysis

« Hands On Exercise: Delisha Stewart
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NMR Metabolomics

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

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

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

Raw NMR ourier Processed NMR
Sample N Transform Phase ‘Spectrum
Preparation ita and Baseline

(FID) Correction 1r, enx, esp, jdx

Pathway
Analysis
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Free Software available for NMR Metabolomics

NMR Data Processing

o ACD Software for Academics (ACD Labs, Toronto, Canada)
Multivariate data analysis

o MetaboAnalyst 3.0 (http://www.metaboanalyst.ca)

o MetATT (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

Pathway analysis
o Metaboanalyst, metaP Server, Met-PA, Cytoscape, KEGG, IMPALA

Also available through www.metabolomicsworkbench.org

Other Software available for NMR 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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Sample Preparation, Data
Acquisition, and Pre-processing

Important Steps in Metabolomics Analysis

Study design
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
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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,O 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
. o for preparation and data
- Use independent pool of similar samples L
acquisition
- 10% QC samples

= Daily balance and pipette check

Preparing Pooled QC Samples

® 0 0 0 O = Aliquots from each sample in the

29 999 study phenotype are pooled
(phenotypic pool)

= Equal amount of each phenotypic
pools are pooled (Combined

| | | | | phenotypic pool)

Phenotype 2

. = Replicates of pools are prepared
h S l ("’L = Pool samples are prepared along
‘ @/ 9 with the study samples
- - Equal amounts ¢ 7 L )4
(i‘g
v L Y
I Phenotype 1 Phenotype 2 |
PoolQC Pool QC '
) Pool QC Phenotype P
) AR | ] Pool QC
Tyl - \ Combined t1
V' Phenotypes Pooled samples should cluster tightly

Pool QC
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NMR Data Acquisition

= 1D NMR

- 1stincrement of NOESY
noesyprid (Bruker)

- CPMG (serum or plasma)
cpmgprid (Bruker)

To remove broadening of signals due to

macromolecules (eg. Proteins and lipids) . TR .
- raspield

= 2D NMR (for structure elucidation)
- 2D J-Resolved
- COosy
- TOCSsY
- HSQC
- HMBC

Sample Amount in NMR tube

A

é Probe
[S==c

=1

Sample |

i Sample volume
4= should cover the

-

2
s
\i?
NMR Coil Region
‘samp

) L) cepn i = For optimum field
omge | @ e ‘ homogenization r=<7] -
g:mm ]- (1:1_‘; : 5
screw .

= Atleast 10% D,0O in the sample

LA\

®

o

»  Optimum volume For very small sample amounts, a
- 550 -600 uL (5mm tube) 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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* A typical 1H 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

IH NMR Spectrum for Alanine

H atom(s)

E 0
°%3 B * Peak position is called
sl - HC\A “chemical shift”
3 OH
E B (three|protons)
07 NH, = It depends on the chemical
- 06'; Alani environment
3 069 anine
3 05 = Splitting of peak is
3 dependent on neighboring
S 043

o
w
1

A (one proton) * Area under peak

proportional to the number
of "H atoms underlying it

o o
= N
sl b liel

L |
40 1\ 35 30 25 chomical 2;‘?ﬁ/pp'“\ 1.51‘ 10 05 0
Chemical shift of CH Chemical shift of CH,
4 lines (quadrat) 2 lines (doublet)




Typical 'H NMR Spectrum of Urine
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Data Pre-processing
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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

High quality data are needed
Remove unwanted regions

Normalize data (remove variation in concentration of samples)

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
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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

o Water A4 /Water
Same Serum.sample
Poor water suppression Good water suppression

NMR Pre-processing

Before After
/ L N /
ghaslg b Reference,
aseline to be Line shape
corrected

10



02/14/2017

pH Dependence of Chemical Shift

Chemical shift variability
n pH
= jonic strength
= metal concentration

PpH Sensitivities for Cluster0

Methods to overcome this problem
= Use a buffer when preparing samples
= Binning (Bucketing) e
o Fixed binning R
o Intelligent binning "
o Optimized binning
= Available data alignment tools
= Recursive Segment-wise Peak P
Alignment (RSPA) \'l I
= |coshift |
L] Speaq -H. i

pH8.78

PH5.01

http://www.chenomx.com/software/software.php
Savorani, F. etal, Journal of Magnetic Resonance, Volume 202, Issue 2, 2010, 190 — 202
Vu, T. N. et al., BMC Bioinformatics 2011, 12:405

Peak Alignment

Example
icoshift

One of the Citrate peaks

a | before
7N\
/s N =
- e R e  m——
2.74 2.72 2.7 2.68 2.66 2.64
5 [ppm]
b | after
N _/‘\-
2.74 2.72 2.7 2.68 2.66 2.64
s [ppm)

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

11
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Peak Alignment

Example
speaq

S .| Reference | . Spectrum N e
Spectra  —» Peak finding [~ e alignment .P— Quantification
il | | | ! .
1 | Wl | 1 I
w stssenne i A A h - i
Fesaitt. T .
| Raterence | -

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

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. i

= Two main types of binnina
- Fixed binning |
- Flexible binning “

I

,II L} ||1
il

pem 10 7 6 5 4 3
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NMR Binning
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Peak shift can
cause the same
peak across
multiple samples
to fall into
different bins

Citrate

The entire NMR spectrum is split into evenly spaced integral
regions with a spectral window of typically 0.04 ppm.

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

|
] I I
[ |
| multiple bins

| Fixed Binning |

Xk *"‘/\IJ%§'§ /E <

on—t+—4--—-——---"—"———

NMR Binning

Fixed Binning

Citrate

Signals for citrate
are split into
multiple bins

Smart Binning

[
2.50

Signals for citrate
are pﬂloperly
I\ capfured
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NMR Binning

= Integrate bins (0.04 ppm bin size)
= 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

C0559
C0629
C0640
C0835
D0613
D0762
D1113
D1158
D2090
E0004
E0195

E0487
F0036
F0108
A0233
A0490
A2003
C0586
Cc2177
D0177
D0729
D0909
D0945
D1174
D2054
D2062
D2079

iSample ID Disease Grou|

Cases
Cases
Cases
Cases
Cases
Cases
Cases
Cases
Cases
Cases
Cases

M tadg;

Cases
Cases
Cases
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

[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]
7.60E-05 0.00E+00 7.32E-02  8.48E-02 3.20E-02 1.84E+00 1.31E-01  3.60E-01  3.67E-01
0.00E+00  1.78E-02 0.00E+00 2.18E-02 0.00E+00 1.08E+01 0.00E+00 0.00E+00  3.02E-02
3.44E-04 000E+00 1.83E-03  1.86E-04 0.00E+00 451E+00 0.00E+00  0.00E+00  0.00E+00
6.41E-04 000E+00  6.44E-03 0.00E+00  3.96E-03 3.28E+00 0.00E+00  5.12E-03  1.75E-02
6.63E-03 000E+00 0.00E+00  1.06E-02 0.00E+00 5.79E+00 0.00E+00  6.36E-02  3.02E-01
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
3.14E-03  242E-03 8.02E-02 1.04E-01 5.32E-03 374E+00 0.00E+00 2.02E-02  1.84E-01
0.00E+00  3.71E-03  2.35E-02  4.83E-02 0.00E+00 5.02E+00 0.00E+00  1.91E-02  0.00E+00
0.00E+00 0.00E+00 245E-03  9.98E-04 0.00E+00 576E+00 0.00E+00  1.24E-02  1.04E-02
172E-03 000E+00 6.85E-02 3.05E-02 0.00E+00 147E+00 6.90E-02 361E-01  4.08E-01
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
1.25E-03  0.00E+00 ngﬁn dﬁié?i ﬁm& dgﬂéﬁ 0.00E+00  1.08E-02  2.30E-02
411603  0.00E+00 2952} 134 b5 3 0.00E+00  3.28E-02  9.09E-01
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
1.66E-02  0.00E+00 0.00E+00  206E-02 0.00E+00  122E+01  1.04E-02  0.00E+00  5.97E-01
0.00E+00  231E-03  6.30E-03  1.11E-02 0.00E+00 7.17E+00 0.00E+00  1.65E-02  2.21E-01
0.00E+00  1.86E-02 0.00E+00  1.82E-02  0.00E+00 1.61E+01 0.00E+00  2.91E-03  0.00E+00
0.00E+00  0.00E+00 2.99E-03  3.60E-02 0.00E+00 297E+00 0.00E+00  4.00E-02  5.46E-01
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
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
0.00E+00 0.00E+00 3.02E-02  3.59E-02 0.00E+00 235E+00 0.00E+00  3.19E-02  1.49E-01
921E-03  000E+00  1.69E-02  147E-02 000E+00 243E+00 0.00E+00  4.46E-02  0.00E+00
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
0.00E+00  1.08E-03 0.00E+00 569E-03 0.00E+00 249E+00 0.00E+00  1.01E-02  1.87E-01
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
0.00E+00  9.33E-04 0.00E+00  3.43E-03  1.30E-02 7.21E+00 6.53E-03 0.00E+00  1.66E-02
155E-03 0.00E+00 0.00E+00 122E-02 0.00E+00 207E+00 0.00E+00  128E-02  3.90E-01
239E-05 0.00E+00 6.04E-02 299E-02 0.00E+00 4.94E+00 0.00E+00  9.95E-03  0.00E+00
273E-02  0.00E+00  1.81E-03  1.17E-02 0.00E+00 3.38E+01  7.87E-02  0.00E+00  5.91E+00

02/14/2017

Transformation, and Scaling

Data Normalization,

15
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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

Centering, Scaling, and Transformations

I C ri P ¥ 2 2 ,
entering \fj = '\ff - X; 1] Log transformation i” _Ie Iog( '\U J
X =X -5
Power transformation (
Too= (g
n Autoscaling s — X i ”J
i! = U ! \U = {U - v."‘
i 5
Range scaling ; x; = T,-
Xy = ——— ) X
T X; ) Analysis results vary depending
. e on the scaling/ transformation
Pareto scaling .=
oo it methods used.
Xjj = \/\_
1
Vast scaling ( N ) _ Van den Berg et al 1006, BMC
~ - b} X .
X = d L Genomics, 7, 142
§ s
Level scali =
evel sca |ng N ~ X U u\!'
X; = =
“*1

16
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Data Transformation

e Before transformation o After log-transformation
- skew distribution — More close to normal distribution
cuprum.DS1 cuprum cuprum M1 (PCA-X), PCA for overview log-transform

Hiatogram of DS1.k08 Histogram of M1.XVar(kNi)(trans)

180

160- 100
140

80
120
100 E a

Count
Co

80

60
40 20
20
a . m.

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

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

17
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Multivariate Data Analysis and Other Statistical Analyses

Mean centered and scaled data m o
. . Treated
Non-supervised analysis Py
o Principal component analysis o0 1ol eh@ s ]
(PCA) .02 @® 0 C-02 O(S)
. . g o0 &0 e % eco
Supervised analysis I
-100 [ 32 Beo

1.30552 * to[1]

o0 PLS-DA and OPLS-DA

@108 @CI0 P C A

1.00087 * t[1]
R2X[xside comp. 1] = 0.112_  Elljpse; Hu‘te'\‘“ng:‘s T2 (9

Loadings plots and VIP Plots to oco
identify discriminatory bins e A A e
p‘Value, fold Change 99 R2X[2] = 0.0924 o _E1lipse: Hotelling's T2 (9
Control |
e W VIP Plot
200
100 C05@coa T:: 2o _
Trog7! 210
0 - @C-06 g
100 (‘(ﬁm%)('m “’Exs T-O; ’ ‘
c-10 T-09 5
200
oc
OPLS-DA
400 §38383%¥88333383883853
-800  -600  -400  -200 0 200 400 600 10 (Primarg)

Library Matching
Pathway Analysis
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Chenomx Library

=~ OQver320°metabolites

“rCistomizable

02/14/2017

»“pH'sensitive library of 'H'NMR ‘Spectra

Chemical Shift and pH Dependence

Source: http://www.chenomx.com/software/

19
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NMR Spectrum of Urine with Chenomx Library Fit of Metabolites

3 2
2 <
S H
2 2
E +
2 @
£ £
B ®
E B
/s
2
£
T
g
s 2
E o
© 3 =
2 =
5 s
< @ N g
- H g e <
8 = s £ p
5 £ a8
£ / E %
= 2 A
& £
s
2 g =
2 g3 £
8 2 3 F E ®
E z E 2 = o =
5 s £ ‘ g g
£ ] 2
= 8 =3 £ T = @ s
£ = = 5 2 | £ = 8 8
D E = =2
E 5§ & E 5 ”'H s = 22 1 2
O - z £ e 2 B g2E S 8
= Wy ] sos £
] = 1 'I)E i s 8
l LJ \ 1Y d \L“-‘. 1/ L”"‘.’w‘ﬂ‘-lnl"‘“ Nl
- |V WA RS VR AN ! LAt (P w ‘ R W
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm

N N—

20



02/14/2017

Fitting Taurine

Q . Taurine
‘ N\~ 1.03 mM l l
»—w/\/ \\

Fitting Fucose

\ HCy, -0 OH
[ -
HEJ:H Fucose

0.47 mM

.;,"-"" -..I’ L.;. | w‘ T ol lleUL&m J"/uk

s G St LYW\ VA AN IV
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Additive Fit
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Additive Fit

¥ Advanced End.cnx - Chenomx Profiler)
File: Edit View Compaund Tools Applications

22 compounds

599.48 Mz

Ol vy [RAAR 3R 1§
B Compound Sets || serine | o1 * || Reference Card -
W39 38 Serine
[y profied compounds (22) Chuster s wansform ki
¥ |
TR Crenomceo s, verson s | 0
B Chenom 700 M, verson 8 |
<
1B Chenomxsoo e vesson s
‘ 0.1
Formuta anno
Weight (0a) 1050925
008 Aremate Hames [+
TOPAC Hame (<
| S Registry (=1
Inchi (=
008
I SMILES (=)
l ‘ Additional information.
f H M 00 Exteral Database References
nent
| i
" | HMDR Metabocard
| ‘ e v g
Wiy A wschem Compount
Al u \ |
AR VAT PV
i ¥
4 ) \ A
3k
Compound tisma Concentrston (m) Masmum (M) L
Miacinanide 05680 o549 -
Pantothenate 0.0987 00752
Pyruvate 0.5888 0.5954
Suberate 00606 o.0507
Taurine. 11963 09534
Threonke a4t 3910

pH700 | 38874 ppm, 01335 5
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Chenomx Helps Resolving Ambiguity in Highly Overlapped Regions
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1-Methylhistidine Glycolate

3.970 3.965 3.960 3.955 3.950 3.945 3.940 3.935

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 questions are
= What does it means?
= How do you correlate these finding to your study questions?
= 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 perform metabolic pathway analysis

23
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Interpreting Results and Pathway Analysis

» There are a number of freely available software
o0 meta-P Server, Metaboanalyst, Met-PA, web based KEGG Pathways,
Cytoscape.
o0 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.

Study Example

24
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Day O serum- Predicting Day 28 Response to Vaccine

PLS-DA
Day 0 — High Responders (Black) vs
Low Responders (Red)

Preliminary results

Subset of Metabolites that Influence the
Separation of Subjects at Day 0
(VIP 2 1 or p-value < 0.1)

Isoleucine** Creatinine™*
Leucine** Cysteine**
Valine Histidine
3-Methyl-2-oxo-isovalerate  Choline
3-Hydroxybutyrate Glucose
Lactate Betaine
Alanine TMAO
Acetate** Glycine
Proline* Glycerol
Glutamate™ Serine
Glutamine** Creatine
Pyruvate Tyrosine*

Histidine
Tryptophan
Phenylalanine

2-Oxoisocaproate
Methylguanidine**
Formate

*p-value < 0.05, **p-value < 0.1

Day O High vs Low Responders
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NMR Metabolomics
Hands On Exercise
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NMR Hands On Exercise: Study Design

= 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 reference)

NMR 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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Metaboanalyst

Please go to the webpage: http://wwMw.metaboanalyst.ca/MetaboAnalyst/

MetaboAnalyst 3.0
- a comprehensive tool suite for ic data analy

L {
Slane We\numw K 3 22 aceess old version

Overview News & Updates

thway Analysis

Tulorials

Added an e for Biomarker Analysis; (12/122014)

Eesources

- A unstions 1o support interactive 30 PCA and PLSDA visualiza

Update Hisiory = Added a new Power Analysis to support sample size ar

User Stais

Contact

Please Cite:

ineiniiov, |, Broadnurss, 0. 3
analysis. Nuel. Acids Res. 40, W12

Data fo
NMRAM

Data processing: Depenci
o a5

Please choose a functional module to proceed:

© Enrichment Analysis
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MetaboAnalyst: Data Upload
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I .. MetaboAnalyst 3.0
| \ |i ¢ - a comprehensive tool suite for metabolomic

1) Upload your data

Comma Separated Values (.csv) : 1 4
Data Type: ConcentratiorQ (®) Spectral bins ) . Peak intensity table

al

Data F13\e: Choose File | No iy chosen

Zipped Files (.zip) :

Data Type: ®/NMR peak list MS peak list MS spectra
Data File: Choose File | No file chosen Submit
Pair File: Choose File | No file chosen

MetaboAnalyst: Data Integrity Check

“ . MetaboAnalyst 3.0
‘ / | - a comprehensive tool suite for metabolomic

Data Integrity Check:

1. Checking the class labels - atleast three replicates are requied in each class

It the samples are paired, the pair labels must conform to the specified format

3. The data (except class labels) must not contain nan-numeric v

ues

4. The presence of missing vai

or features with constant values (Le. all zeros

Data processing information:
Checking data content .passed

Samples are in rows and features in columns.

The uploaded file is in comma separated values (.csv) fermat

The uploaded data file contains 3 (samples) by 231 (spectra bins) data matrix

7 groups were detected in samples

Samples are notpaired.

All data values are numeric

Aftotal of 0 (0%) missing vaf

s were detected

By default these vaiues will be repiaced by 3 smail valye

ick SKIp bution if you acc

tthe default practice

K Missing value imputation 1o use omner metods
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i MetaboAnalyst 3.0

| -a hensive tool suite for b

p:
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7
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tais, please re
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mabve vanables can be cCNaracterized in WO QroupS: variabies of vary smal

experiment conditions - Mese va

oy of median; variables that are near-constant throughout

et () or e rot

ure ing

= Less than 250 variables: 5% will
= Between 250 - 500 variabies |
= Between 500 - 1000 variabies.

tion s onk

e server, e None

P mputatonal bur

applied. In 39diion, Me maximum allowed nuMmber

choose Nong, e IOR 1

0 will be u bsequent analysis.

faft af d in the

alues - thesa vaniables £an ba detacted usin

2000 teatures. Over
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Standard deviation (SD)

MAD!

Median absolute deviation

Relative standard deviation (RSD = SDimean)

netric relative standard deviation (MAD/median)

Non-para

Mean intensity value

Median intensity value

None fless than 2000 features)

i MetaboAnalyst 3.0
h tool sujte for metabolomi

Normalization overview:
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MetaboAnalyst: Data Normalization Summary

Before Normalization After Normalization

* MetaboAnalyst 3.0 f o, o
o - a comprehensive tool suite for metabolomic X o s
ke | 3 .

& st

Density

Lhts

Normalization overview: (LR Wbeats
i T H x H H z H H H
i T v i i i i

v o iovema tuny

i features mere comparatle

rores bt es

Samak normalization

Snone

Sample-sp2ific normalization (.6, weight,volr)

o NomaEzation by sum [ o P

Nosmabation by median

-
Nommatztion by asscefic ieietence samole e

Nosmakaation by a poaled samle from group

Nowmnakzation by refersnce fosturs s

uantite vormalisation

Data tansformaton

Enone

L0 banstormation vansermany

Gube roct ransfamaticn ! ool dataval.es - b °
Data scaling
Nose
Mean certeriag (naan-centerec cny
AUIOSERING  (1hsatnOlErC a1 J1sidet oy W SLaTRsard Ju u ity
®parets seating (mean-centerec 2nd divided by he square “ootol standard deviaton of each variable! O e TR . H
Range scaling (1ssarvcmnlerec siv Jisided by B o e of eiach v bl

Normalizs

Intensity Nomalized Intensity

“ .. MetaboAnalyst 3.0
X -a ive tool suite for metabolomi

Select an analysis path to explore :

Univariate Analysis

Fold Change Analysis Tests Voicano plot

Patter Searchiny

Soarse Partial Least Squares - Discriminant Analysis (sPLS-DA)

ogonal Fariial Least Squares - Discrininant Analvsls (hoPLS-0A

Feature identification

(2nd Metaboiites) (SAM

Empirical Bayesian Anaf

icroarmay (and Metabolites) (EBAM:

Cluster Analysis

Hierarchical Clustering: Dendros Heatmaps

Partiional Clustering: K-means Self Oraanizing Map (SOM

Classification & Feature Selection

m Fores!

‘SupportVecior Machine (SVM)

st updated
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Principal Component Analysis (PCA): All Samples
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Wiy

MetaboAnalyst 3.0

- a comprehensive tool suite for metabolomic.
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Model Summary
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PCA Scores and Loadings Plots: Day 01 and Day 14

Loadings Plot
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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

» Perform PCA

» Perform PLS-DA

= Heat map
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PCA Scores and Loadi
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ings Plots: Day 14

Vehicle, Low Dose, and High Dose groups
Scores Plot Loadings Plot
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Heat Map: Day 14 Samples

High Dose Low Dose

Vehicle

361..200

736740 4t

745..750
712709
5.0 ..5.16
6.00 ..6.02

378380
380 385
360273

251257
265.271

330345
323128
391..297
536 ..5.41
302 307

201207

Top 25 NMR bins
identified by PLS-DA

Comparison of Day 14 High Dose and Vehicle

Please start from the start page and upload the data

= We will compare high dose vs vehicle

» Perform PCA

» Perform PLS-DA

= VIP Plot

= Heat map

- 3. UAB_RFA_Metaboanalyst_D14_Vehicle_vs_HighDose.csv
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PCA Scores and Loadings Plots: Day 14 High Dose vs Vehicle
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PLS-DA Scores and Loadings Plots: Day 14 High Dose vs Vehicle
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VIP Plot of PLS-DA: Day 14 High Dose vs Vehicle
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VIP = Variable Influence on Projections
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OPLS-DA Scores Plot and S-Plot:

Day 14 High Dose vs Vehicle
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Heat Map: Day 14 High Dose vs Vehicle
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Thank You!

If you have any questions, please e-mail me

wpathmasiri@rti.org

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