Coding with R
MetaboAnalyst

EEEEEEEEEEEEEE

IIIIIIIIIIIIIIIIIIIII

LLLLLLLLLLLLLLLLLLLL




What is R?

R is a programming language available for free on

R can be run via RStudio

Both R and RStudio can be used on Windows, macOS
and Linux

It’s used mainly for data mining, statistical analysis and
data visualization

There are a range of ‘packages’ that provide additional
tools for statistical analysis, visualization and more.



https://www.r-project.org/

MetaboAnalyst
IS run with R

code

WEBSITE TUTORIAL:



https://www.metaboanalyst.ca/docs/RTutorial.xhtml
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Challenges in
metabolomics

data analysis

=

Metabolomics can generate many
data sets

Data sets often contain several
different experimental groups

Leads to cumbersome and time-
consuming data processing



Solution: R

Save time by automating repetitive tasks

o Figuring out normalisation, transformation and
scaling parameters and identifying outliers

o Calculate mean and standard deviation for all
features

> Plotting tens, hundreds or thousands of features
o Carrying out multiple binary comparisons

> Fold change

° Significance tests

° Functional analysis




Choosing normalisation, scaling and
transformation parameters
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No normalisation, scaling
or transformation applied
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Choosing normalisation, scaling and
transformation parameters

Median normalisation
Auto scaling



Calculating mean and standard deviation

Label

Deoxyribose 5-phosphate
1-Pyrroline-5-carboxylic acid
2,3-Diphosphoglyceric acid
2-C-Methylerythritol 4-phosphate
2-Hydroxybutyric acid
2-Hydroxyglutarate
2-Oxoglutaric acid
2-Phosphoglyceric acid

3,3 Dimethyl glutarate
3'-AMP

3-Hydroxyisovaleric acid
3-Hydroxymethylglutarate
3-methoxyphenylacetic acid
3-Methyl-2-oxovaleric acid

0-05-AG120 01 0-05-AG120 02 0-05-AG120 03 0-05-AG120 04

0.05-AG120
7.514123
0.7000576
0.198330198
0.09817532
0.6569553
1555.18097
138.78692
93.60893
0.9741405
1.1105561
3.961918
19.37715
1.1096558
24.26573

0.05-AG120

6.867645
0.7181286
0.998358909
0.16302537
0.5474735
1795.94293
107.24015
130.14351
1.8539091
0.9363332
4.477458
22,32152
0.7212566
30.35978

0.05-AG120

8.071323
0.7885691
4.797554878
0.181704542
0.7168347
1803.73076
112.53924
107.68161
1.1654159
0.7699693
4.350256
22.33757
0.6529554
33.30401

0.05-AG120

71.606735
0.774985
0.390293828
0.144328904
0.6053114
1639.24344
112.72587
86.56774
0.9009203
0.5402526
3.583831
19.6882
0.7073266
30.1901




Efficient plotting of features and metabolites




Significance tests and fold change
calculations

groupl group?2 nl n2 statistic  df p p.ad) p.adj.signif
AGL120_0.05 AG120 5.0 13.18707 5.994776 1.18E-05 7.20E-04 ***
AG120_0.05 AG120_10 15.20955 5.102625 1.91E-05 6.63E-04 **=
AG120 0.5 AG120 5.0 9.1088%4 5.982581 1.00E-04 0.00305 **
AGL120 0.5 AG120_10 10.58332 5.351244 8.64E-05 0.001654 **
AGL120_0.05 AG120 5.0 13.18707 5.994776 1.18E-05 7.20E-04 **=
AG120 0.5 AG120 5.0 9.1088%4 5.982581 1.00E-04 0.00305 **
AGL120_0.05 AGL120_10 15.20955 5.102625 1.91E-05 6.63E-04 ***
AG120 0.5 AG120_10 10.58332 5.351244 B.64E-05 0.001654 **
AG120_0.05 AG120_10 3.699042 5.439675 0.012 0.040667 *
AGL120 0.5 AG120_10 5.201052 4.558144 0.00441 0.019927 *
AG120_0.05 AG120_10 3.699042 5.439675 0.012 0.040667 *
AG120 0.5 AG120 10 5.201052 4.598144 0.00441 0.019927 *
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Functional (untargeted) analysis

Instead of manually preparing t-tests for all binary comparisons and uploading to
metaboanalyst.ca, the code calculates and performs the analysis automatically




Functional (untargeted) analysis

£ pathway Lysine.metabolism — Notisblokk

Fil Rediger Vis

7 Valine, leucine and isoleucine degradation query.Mass Matched.Compound Matched.Form Retention.Time Mass.Diff Empirical.compound
e 145.014 C00026 M-H[-] 11.553 2.23533229984696e-4 EC00014
TCA cycie 205.0352 c00026 M+CH3CO0O[-] 12.132 4,05000000000655e-4 EC00014
ButanogfegurishelBidsynthesis 141.0193 C00322 M-H20-H[-] 2.612 2.35332300064783e-5 EC000208
) e 2 159.0296 C00322 M-H[-] 9.724 3.23533230016437e-4 EC000211
e 195.0064 c00322 M+CT1[-] 9.117 3.00000000009959e-4 EC000211
159.02963 c00322 M-H[-] 14.979 2.93533230006915e-4 EC000212
- e 175.02454 C00322 M-H+0[-] 15.113 2.93533230006915e-4 EC000212
~ 175.024576 C00322 M-H+O[-] 15.526 2.57533230012541e-4 ECO00212
® 205.0353 C00322 M+HCOO[-] 14.717 4.54999999988104e-4 EC000212
N 159.0297 C00322 M-H[-] 11.435 2.23533230013118e-4 EC000213
175.0245 c00322 M-H+O[-] 11.688 3.33533230019611le-4 EC000213
175.02456 €00322 M-H+O[-] 11.026 2.73533230000567e-4 EC000213
_ 200.0563 C00322 M+ACN-H[-] 10.841 1.68533230009871e-4 EC000213
) L @ 205.0352 c00322 M+HCOO[-] 12.132 3.54999999984784e-4 EC000213
C00450 M-H20-H[-] 19.942 7.64667699968413e-5 EC000259
C00450 M+HCOO[-] 19.942 4.54999999988104e-4 EC000259
) 108.0455 04092 M-H20-H[-] 19.942 7.64667699968413e-5 EC000259
172.0614 C04092 M+HCOO[-] 19.942 4,54999999988104e-4 EC000259
126.056 C00450 M-H[-] 17.833 2.35332300064783e-5 EC000260
N . ® 126.056 C04092 M-H[-] 17.833 2.35332300064783e-5 EC000260
126.056 C02946 M-HZO-H[-] 17.833 2.35332300206892e-5 EC000430
126.056 €03239 M-H20-H[-] 17.833 2.35332300206892e-5 EC000430
126.056 C04076 M-H20-H[-] 17.833 2.35332300206892e-5 EC000430
e 128.0716 C00408 M-H[-] 19.977 1.23533230009798e-4 EC000242
128.0716 €05936 M-H[-] 19.977 1.23533230009798e-4 EC000242
o, 1) 117.0193 C00042 M-H[-] 10.096 2.35332300064783e-5 EC00029
133.0142 C00042 M-H+0E-] 10.137 3.35332300096525e-5 EC00029
(@) 152.99589 €00042 M+C1[-] 9.537 3.90000000010104e-4 EC00029
163.02440000000001 C00042 M+HCOO[-] 10.02 1.55000000006567e-4 EC00029
177.0401 C00042 M+CH3COO[-] 9.724 2.04999999994016e-4 EC00029
117.0193 €02170 M-H[-{ 10.096 2.35332300064783e-5 EC00029
Ao 133.0142 C02170 M-H+0[-] 10.137 3.35332300096525e-5 EC00029
152.99589 €02170 M+C1[-] 9.537 3.90000000010104e-4 EC00029
©o® @ oﬂ?o 163.02440000000001 €02170 M+HCOO[-] 10.02 1.55000000006567e-4 EC00029
177.0401 C02170 M+CH3C00[-] 9.724 2.04999999994016e-4 EC00029
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Performing metabolomics analyses with R allows you to:
> Work efficiently
Summary

> Process larger amounts of data in less time
> Carry out several different binary comparisons with ease




Some potential
iIntroductory

courses to
R on LinkedIn
Learning

Learning R
https://www.linkedin.com/learning/learning-r-2/r-for-data-

science?u=76177458

R essential training: Wrangling and Visualizing data
https://www.linkedin.com/learning/r-essential-training-

wrangling-and-visualizing-data/make-your-data-make-

sense?u=76177458

More in-depth on ggplot2 in R
https://www.linkedin.com/learning/data-visualization-in-r-

with-ggplot2/welcome?u=76177458

More in-depth of the R tidyverse
https://www.linkedin.com/learning/learning-the-r-

tidyverse/welcome?u=76177458



https://www.linkedin.com/learning/learning-r-2/r-for-data-science?u=76177458
https://www.linkedin.com/learning/r-essential-training-wrangling-and-visualizing-data/make-your-data-make-sense?u=76177458
https://www.linkedin.com/learning/data-visualization-in-r-with-ggplot2/welcome?u=76177458
https://www.linkedin.com/learning/learning-the-r-tidyverse/welcome?u=76177458

Workshop/Tutorial with R for metabolomics

Date TBC, likely February or March

Assumed basic knowledge of R — see
tutorials on previous page

Help you get started and show you how to
set up code that allows flexible analysis
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