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» [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
- ldentifying a set of metabolites
- Quantifying metabolites
- Multivariate analysis and other statistics

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




Sample Preparation, Data
Acquisition, and Pre-processing

Important Steps in Metabolomics Analysis

Study design Considerations

o Factors such as gender, ethnicity, age, BMI (human studies)

o Species, strains, feed, housing (animal studies)

Sample collection

o Collection vials, anticoagulant use (heparin, citrate, EDTA)
Sample storage

o -80 °C is optimal, minimize freeze-thaw cycles

o -20 °C is sometimes more practical (i.e. field studies)

Sample preparation

o Optimize the methods and use them consistently throughout study
o Daily balance and pipette checks

Use 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

Optimize all procedures and use them consistently throughout the study
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Check the samples and the Metadata

= Why are these serum samples straw colored?
0 Are these samples actually plasma or urine?

= Why are there more samples in the box than listed on the inventory emailed?
0 The wrong box was pulled from their biorepository and shipped.

= There is only 3 pieces of dry ice in this box!
o Did they really pack these “precious samples” in a way to risk them thawing?

= Check every label on the samples shipped to verify they match the inventory.

0 Most sample labels will match, but the wrong tubes can get pulled meaning the right samples
were not shipped.

0 Sometimes hand-written labels are illegible and will require further communication to verify
the sample ID.

= Check the metadata.
o Did they really send us female controls to compare with male cases?

= Communicate sample and metadata discrepancies/issues immediately.
0 Use of pictures here can be very helpful.

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
. . for preparation and data
- Use independent pool of similar samples L
acquisition
- 10% QC samples

= Daily balance and pipette check
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Preparing Pooled QC Samples

= Replicates of pools are prepared

@@ @@, @@, @@, @: .
Phenotype 1 Phenotype 2 )
e O I
% 9 Equalamounts @B @@
- =
L @@
Phenotype 1 Phenotype 2
Pool QC @ Pool QC '
AN S
@ @ @ . @ Combined
v ' ¥ Phenotypes
Pool QC

Aliquots from each sample in the
study phenotype are pooled
(phenotypic pool)

Equal amount of each phenotypic
pools are pooled (Combined
phenotypic pool)

Pool samples are prepared along
with the study samples

Pool QC

LS

Phenotype
Pool QC

t1
Pooled samples should cluster tightly

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)

2D NMR (for structure elucidation)
- 2D J-Resolved

- Cosy

- TOCSY

- HSQC

- HMBC

wew
trasmie
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Sample Amount in NMR tube

A A

é Probe
=0

iﬁ Sample

=

Sample volume
¢ & should cover the
NMR Coil Region

| — )’
== For optimum field
@ homogenization =1

|*;:m | fﬂWD
-

At least 10% D,0 in the sample

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)

N\ BE] !

* 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
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Typical *H NMR Spectrum of Urine
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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

High quality data are needed
Remove unwanted regions

Normalize data (remove variation in concentration of samples)
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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

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

S Water ST Water

Same Serum,sample

ccccccccccccccc

Poor water suppression Good water suppression

2/8/2018
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NMR Pre-processing

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

pH Dependence of Chemical Shift

Chemical shift variability
n pH
= jonic strength
= metal concentration

Methods to overcome this problem
= Use a buffer when preparing samples
= Binning (Bucketing)
o Fixed binning
o Intelligent binning
0 Optimized binning
= Available data alignment tools
= Recursive Segment-wise Peak
Alignment (RSPA)
= [coshift
* speaq

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

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

pH Senaitivities for Cluster 0

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

Example
icoshift

One of the Citrate peaks

a | before
A v 7
|| LN e
2.74 2.72 2.7 2.68 2.66 2.64
5 [ppm]
b | after
2.74 2.72 2.7 2.68 2.66 2.64
& [ppm]

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

Peak Alignment

Example
speaq

. Reference Spectrum . .
Spectra Peak finding determination it Quantification
Ll
i | | |'
o U "atsanee, i :
"ititis, 4 \ ] i
-

Vu, T. N. et al., BMC Bioinformatics 2011, 12:405
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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 binnina
- Fixed binning
_ Flexible binning | |
|
L
_ﬂ,_.‘J,.um_hLJ JJ(“]‘NJL‘* '\'1._5_1'__ .

1

2

NMR Binning

The entire NMR spectrum is split into evenly spaced integral
i regions with a spectral window of typically 0.04 ppm.
Peak shift can
Falsetieame The major drawback of fixed binning is the non-flexibility of the
peak across boundaffies " ! e I
multiple samples ’
to fall into
different bins = If a peak crosses the border between two bins it can significantly
influence your data analysis
: Signals for citrate
| are split into
ral : multiple bins
. 0., OH . | |
OGN |
HO™ f "~ oH | |
HO I I
| |
| . _Ilﬁ
f
| Fixed Binning | | |
[ I
2.58 2.50
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NMR Binning
Downfield _—" Remove regions

region Urea Water
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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

iSample ID Disease Groug | [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  8.48E-02  3.20E-02  1.84E+00  1.31E-01 3.60E-01 3.67E-01
C0629 Cases 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
C0640 Cases 3.44E-04 0.00E+00  1.83E-03  1.86E-04 0.00E+00 4.51E+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  242E-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 5.02E+00  0.00E+00  1.91E-02  0.00E+00
D2090 Cases 0.00E+00  0.00E+00  245E-03 ~ 9.98E-04 0.00E+00 5.76E+00 0.00E+00  1.24E-02  1.04E-02
E0004 Cases 1.72E-03  0.00E+00  6.85E-02  3.05E-02 0.00E+00 1.47E+00 6.90E-02  3.61E-01  4.08E-01
E0195 Cases 0.00E+00  1.69E-03  5.57E-02  6.29E-02  0.00E+00 2.77E+00  1.34E-01 2.04E-01  4.56E-01
mtadﬁis 1.25E-03  0.00E+00 Nﬁ-ﬁi‘n Isiégj ﬂm&dgdéﬁ 0.00E+00  1.08E-02  2.30E-02

5 4.11E-03  0.00E+00 208 "BAEN  DBEX 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  1.82E-02  0.00E+00 1.61E+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  3.45E-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 1.92E+01 0.00E+00  6.51E-02  0.00E+00
Cc2177 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  3.43E-03  1.30E-02 7.21E+00  6.53E-03  0.00E+00  1.66E-02
D2054 Control 1.55E-03  0.00E+00 0.00E+00  1.22E-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  2.99E-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  1.17E-02  0.00E+00  3.38E+01  7.87E-02  0.00E+00  5.91E+00

2/8/2018
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Data Normalization,
Transformation, and Scaling

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

2/8/2018
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Centering, Scaling, and Transformations

I Centering Voo = Yo — ¥ Il Log wransformation N
- '\1} - '\r,l X & X =0 ]Ug[ Xjj ]
\rjl i” = i;
Power transformation
. % = (%)
1] Autoscaling X — -
O B X =R -
'l!,l . ij ij i
i
Range scaling : X - Tu’
Xo =

Analysis results vary depending
on the scaling/ transformation
I methods used.

A hnax .\‘.I“III ]

Pareto scaling

Vast scaling

Van den Berg et al 1006, BMC

X = L. Genomics, 7, 142
S; 5
Level scaling Xi: — X
- A i
X =
ij T

Data Transformation

e Before transformation o After log-transformation

— skew distribution More close to normal distribution

cuprum.0S1 cuprum
Histegram of DS1.ENI

M1 IPCA-X), PCA for overview log-transform
11 XV ar(kNi)trans)

ount
g B8 B &

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

2/8/2018
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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

Multivariate Data Analysis and Other Statistical Analyses

= Mean centered and scaled data m s
. . Treated
= Non-supervised analysis v
o Principal component analysis 0 1o eb@ s
(PCA) .02 aﬂoz C-02 O(S)C(l;jg
A ) T o 2105 3@ @C0
= Supervised analysis 08 es .
o PLS-DA and OPLS-DA Corm| @ct PCA
= Loadings plots and VIP Plots to 0 oco;
Identlfy dlscrlmlnatory b|nS -Bm?aoo 600 -400  -200 0 200 400 600
= p-Value, fold change " xt2r - 0002 L I liesss peteTingls T2
Control
ocu Mo ’ VIP Plot
200 15
= 100 CO5 @ o4 T:;mz
e i S
N0 . @C-06 - 01 ' £
%-wc (&(jw%)(m TOBQ(?}W; °
c-10 T-09 s
-200
]
OPLS-DA :
8 3 3 LYY IZIRILIRN AN ANNI
'40‘2500 600 -400  -200 0 200 400 600 e Var ID (Primary)
1.00087 * t[1]
59 R2x[xside Comp. 1] = 0.112 Ellipse: Hotelling's T2 (9
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Library Matching
Pathway Analysis

Chenomx Library

=~ Qyer320°’metabolites

»“pH'sensitive’library of "TH'NMR ‘Spectra

s“rClistomizable

2/8/2018
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Chemical Shift and pH Dependence

2/8/2018

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

NMR Spectrum of Urine with Chenomx Library Fit of Metabolites
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Fitting of Metabolites

Fitting Taurine

o jaurine I |
W,
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Fitting Fucose

Additive Fit

2/8/2018
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Additive Fit

s

i

2/8/2018

Chenomx Helps Resolving Ambiguity in Highly Overlapped Regions

Hippurate

Glycolate

1-Methylhistidine

3.970 3.965 3.960 3955 30950 3945 3940 3935

23



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

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.

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.

2/8/2018
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Study Example

Day O 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™
i e . Valine Histidine
‘ 3-Methyl-2-oxo-isovalerate ~ Choline
3-Hydroxybutyrate Glucose
Lactate Betaine
WENEL] 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 P

2/8/2018
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Day O High vs Low Responders

oMz

GeneGo Network
Analysis X

......................

Receptor ligands/binding proteins related to gene markers from O Metabolites that linked
genetics analysis. Majumder et al. 2012, Eur. J. Human Genetics, in the pathways
1-7

Preliminary results

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

2/8/2018
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NMR Metabolomics
Hands On Exercise

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)
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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)

Metaboanalyst

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

—

/
_ MetaboAnalyst 3.0 !
| - a comp tool suite for t

naE =
Home Weico@ > ACEREE O veruion

"
®TMIC

D
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MetaboAnalyst: Functional Modules

Flease choose a functional module to proceed:

© Pattvway Analysis © Time Series Anadysis

© Power Analysis O Biamarcker Anshyais

© Imngrated Pathway Analysis O Ckar Litilitiss

MetaboAnalyst: Data Upload

MetaboAnalyst 3.0

o | | o -
n — a comprehensive tool suite for metabolomic da fi
Vol th L ¢ La— 8
3 1) Upload your data
Comma Separated Values (.csv) : 1 4

Data Type: CDncemraUD\ Peak intensity table
Samples in rows (unpaired)
Data Fél»e chnsen

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




2/8/2018

MetaboAnalyst: Data Integrity Check

" . MetaboAnalyst 3.0 . w
‘ ' -~ a comprehensive tool suite for metabolomic '

daky ll | i /

Cata Integrity Check:

MetaboAnalyst: Data Filtering

s,

. MetaboAnalyst 3.0 /r/' )
| s cptrs o e et i+
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MetaboAnalyst: Data Normalization
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MetaboAnalyst: Statistical Analysis

]

T
i

MetaboAnalyst 3.0
- & comp tool suite for

Seloct an analysis path to explare

Univatinte Anshysis

Principal Component Analysis (PCA): All Samples

Scores Plot
MetaboAnalyst 5.0 4 HD_DO01
‘ . ity + HD_DL4
: ¥ " % LD_D01
- =] 87 LDD14
: . - . — - v Pool_All
V__Dol
= V_Dl4
e e
- —
: = =l A HD_DO1 003
=] .nDAA10886
A HD_DOL_001
V__ D01 004
- ® LD_DO1 001
é -+ HD_D14_006 EN
i - ;
E iR
3 Z 12002
ol A HD_DOI:l\IOHGD POLO02 | p70L By oo7
o LD_D14 0oy D14_005
(%) W__D14_001
o -+ HD_D14_003
£ HD_DO1_004
a 7 ~+ HD_D14_002 £ HD_DO1 005
-+ HO_DTIa_ods
v -+ HD_D14_004
i
o
.
Model Summary
" % _
= - = : ; ‘ ‘ ‘ ,
-30 -20 10 0 10 20

PC1(35.3%)
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Clustering of Pooled QC Samples

T Pooled QC

| a " Samples
° / @ HD_DO1

L g @ HD_D14
T L) ® L0 Dot
@ LD_D14
@ Pool_all
__Do1
v_D14

Legend

(R +]

LN
o~
5 ————.—-.

-15
-10

PCA Scores and Loadings Plots: Day 01 and Day 14

Scores Plot Loadings Plot
i ©3.80 386
® LD DOL 03
& LD D14
Feal_all
v_oat
1
v_pu 366 3.5 3.55 .. 3.57
0.2 ©3.45 350
e | £ HD_DO1 003 01005 120 128
- AHD_D03, 001 T 8373.318 ® %331 397 ewmEAS
e, 048016 4081
PP 0295385 wi i
+ WD D14_000 . 202 01 d9%9 a7 ;
L g Bk
R v i o 357 361
= & 1a0_po1_oos E$ dhnoz & sarf ko
st & mn_ona aas = ::g;f(??' 207 H
S - j D180 T 00+
o + HD_{r1a_pod =
& HD_CO01_ood
5 4 OBl coe £ HD_DO_005
+ Ho_0Ta_0
0T ©6.00 . 6.02 ® 298 41302 45
+WD_01a_noa 014 ®717 723
A @5 L 4165y ©239 241
#3610 .. 366
3 @787 454745
793631749 36
02
o@Dl 2787
2 745 .. 750
B ! T ! T . ! T T T T T T
n 20 10 0 10 20 o o - s o o
s = s s = s
FL1(35.3 %) Loadings 1
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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

PCA Scores and Loadings Plots: Day 14

Vehicle, Low Dose, and High Dose groups

Scores Plot Loadlngs Plot
4 HD_D14 -
3 + LD Di4 P25 2
x V_Dis
0.3 24l 148
0298 32
xV__Dl4 001
= | 0.2
- AHD_D14_004
®7.45..750
g 4 HD_D14_002 ©239 .gdhy 608
= 4 HO_D14 005 o0 o735, 580
" U010 114_oo7 & ¥ 375%{1, 18, 454 246249
Z = o7 317 4 45 9430 444
~ o -+ LD_D14, 08400841 005 H ©3.61. 366
o EREEE | Lo 02BN 005 s
& XWV_ D14 002
® V__D14_006 0.0 9
LD_D14x0kg _D14_004
t 0386308783350 351 el
#369.373
R Ry 01 ®373 378 s
It
enzn 42i
359 S p0g. w323 . .28
©3.45 . 350
02 280 39 ®366 369 o339 ..3.49
° 9391 397
=
o T T T T T T T T T T
20 10 0 10 i o = ] = o
PC 1 (509 %) Loadings 1
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PLS-DA Scores and Loadings Plots: Day 14

Vehicle, Low Dose, and High Dose groups

Scores Plot

4 HD_D14_008

4 HD_D14_003

A HD_D14_002

Compoenent 2 ( 11.9 %)

A HD_D14_005

AHD_D14_004

4 HD_D14
+ LD D14
x V_Dl4

X V_D11_003
2 V__D14_004

+UbleBEER,, oo

+ LD_pa¥ Yealld 007

3 V__D14c002 D14_001

PO 041 gos

T T T T T
-20 15 -10 -5 0

Component 1 ( 50.8 %)

Loadings 2

04

0.2

[el1]

02

Loadings Plot

©3.30 .. 3.8
®355.. 357
®3.45 . g34500 406
366 .. 3.60
g 0420 0424 @391 .3.97
®38%3 3.8%s
@ 4803 SByGHBS 3.21 .
@536 5.4l
o357 . 368 5@t bitt2g g7
®386.. 39375 . 380
o411 417 @ 314
| 55 01
@698 9 8% ioe. BEW.. 3.45
1
®3.61 . 3.66 o8 ']D"fg_iiaf
o 5044551454 § 5 ) 6
0
® Tel2 407 17 45 p2 3; 948l o18s
® 7@ 3l 4
®7.45.750 #0.307.40 36 o7 2
®2.98 302
8345386
25 - 25
T T r ; i :
© o g, i i T
s s s b s, 8
Loadings 1

High Dose

Low Dose

Vehicle

Z00 10 aH
00 TIa 01

900 110 aH

Zo0 T

£00771070H

100110 aH
500110 aH

00 a a1

oo tia a1

so0 g a1

900 Tia 01

<
2

Z00PTa A

745

366
740
750
T
518
602
301

Top 25 NMR bins
identified by PLS-DA

380
37
386
37
287
271
248
302
345
328
307
541
307
EETS
201.. 207

00 TT0 A

200 7T0 A

2007410 A

Lo0ITO A
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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
- 3. UAB_RFA_Metaboanalyst_D14_Vehicle_vs_HighDose.csv

» Perform PCA

» Perform PLS-DA

= VIP Plot

= Heat map

PCA Scores and Loadings Plots: Day 14 High Dose vs Vehicle

Scores Plot
& HO_D14 "
v e L &
03 #241] 245
wid H
= VD1t 001 0.2
_ooa
.
= 4 HD_D14_00z
# AND_D24 o0 ro01
= £W__ D407 [
o Ve_a_oaa 8
o B + V_[a_003 =
V__bas_o0x
4 0% 0.0
\_Bia_oow
V_D14_004
AHD D28 00
01
0z 345
T T T T T T
20 15 0 5 0 5 10 15 pi
PC1(559%) Loadings L
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PLS-DA Scores and Loadings Plots: Day 14 High Dose vs Vehicle

Seoras Plat

Component 1 ( 55 8 %)

& 18 014 000
v_paa oo
- v_baa_oos
¥ v pis ooz
@ A HD_D3_po3 oo b
& 4 W0_D1a_b0s Vo _go7
g & HE_bus_poz
=
a
£MD_b1a_pas
5 v_01_008
& T Y T T Y
] -10 -5 L] § 10 15

Loadings 2

8745

®380 . 386

®323 .32
a3l gar *°

®366. 363

®345

350

PERCELEERRER

@378 380
@357

e6
@41l 478

g g
©3.61 . 3.66 '“‘”Zﬁﬁrf A &
o7 09 ALY T 0 S e 20
6246 ..2.49
7.50 0239 241

®6.02. 6.08

241 46
®28 .. 25
T T T T T

Loadings 1

7.45
3.61
7.36
7.31
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7.12

7.40
3.02

5.36

3.23

5.10

2.41
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3.66
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736
345
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745
3.07
3.86
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VIP = Variable Influence on Projections

L ]
*
L
L]
L]
L ]
L
L]
[ ]
L
*
T T T T T T T
2.0 25 30 35 4.0 45 5.0
VIF scores

?.Og»}x“
[ [ ]
[ [ ]
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[ [ |
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OPLS-DA Scores Plot and S-Plot: Day 14 High Dose vs Vehicle

Orthogonal T score [1] ( 11.7 %)

Feature Importance
Scores Plot
& HD_D14 24 + W
+V_Dl4 T ;
S-Plot ’3\ J
L]
a.i?o . L
(1]
L]
ﬂ‘ .
LL ] *
w |
= ‘.. e ‘
4 UPHD18100602 V_D1a_003 4
.
\__D14_ooa >
e | i
v_ois_008 T o]
g s {
V__Di14_002 =
e 01 R v
£ HD_014_004 .
A HD_D14_005 .
L]
| v__D14_001 a4
7 .
.
. & ™ .
g
. L]
.
.
o o:. . @ :
’_I‘ d = ™ L] L]
T T T T T T T T T T T
-10 5 u 5 0
30 20 10 0 10 20
T score [1] { 38.6 %)
Pl

Vehicle

€00 A

000 A

100810 aH

200711070
007TTaTOH
50071107 OH
90071107 H
1000 A
200110 A

148
731
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900110 A

L00aTA

v_ou

I class
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454 -
|

1

736

745

5.16

602 |1

3.66 I
2

a7

7.50

740

378

e Top 25 NMR bins

w identified by PLS-DA
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3.02
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345
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Thank You!

If you have any questions, please e-mail me

wimal pathmasiri@unc.edu

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