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METABOLOMICS 

NOVEMBER 4, 2016 - SİVAS 

• Comprehensive analysis of all small-molecule 
compounds that can be found in biological samples, 
such as cells, tissues or biofluids 

 

• Development / adaption of novel biostatistical & 
bioinformatics algorithms 

 

• Development of softwares 
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DATA COLLECTION 

NOVEMBER 4, 2016 - SİVAS 

• Separation Techniques 
• Gas chromatography (GC) 
• Liquid chromatography (GC) 
• Capillary Electropheresis (CE) 

 
• Detection Techniques 

• Nuclear Magnetic Resonance Spectrometry (NMR) 
• Mass Spectrometry (MS) 

 
• Hyphenated Techniques 

• Gas Chromatography – Mass Spectrometry (GC-MS) 
• Liquid Chromatography – Mass Spectrometry (LC-MS) 
• Liquid Chromatography –Nuclear Magnetic Resonance (LC-NMR) 
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TARGETED / UNTARGETED METABOLOMICS 

NOVEMBER 4, 2016 - SİVAS 

• Targeted (quantitative) 
• Measurement of specified list of metabolites on 

interested pathway(s) 
• Compound identification and quantification 
• Accurate identification and quantification of 

complex mixtures ?? 
 

• Untargeted (chemometric) 
• Simultaneous measurement of as many metabolites 

as possible from biological samples 
• Novel metabolites 
• False positives or noises ?? 

 

BIOINFORMATICS IN 

METABOLOMICS 

 
 
 
 

GÖKMEN ZARARSIZ 

 
 
 
INTRODUCTION to 
METABOLOMICS 
 
PRE-PROCESSING 
 
CLASS 
COMPARISON 
 
MULTIPLE 
TESTING 
 
CLASSIFICATION 
& CLUSTERING 
 
REFERENCES 
 
 
 
 
 

 
 



TARGETED / UNTARGETED METABOLOMICS 

Patti et al. (2012) Innovation: Metabolomics: the apogee of the omics trilogy. Nature Reviews 
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DATA ANALYSIS 

NOVEMBER 4, 2016 - SİVAS 

• Preprocessing 
– Handling missing values 

– Filtering 

– Normalization 

– Transformation 

 

• Univariate and multivariate analysis 
– Class comparison (univariate analysis, biomarker discovery) 

– Class discovery (clustering) 

– Class prediction (classification) 

– Dimension reduction 

 

• Downstream analysis 
– Metabolite set enrichment analysis 

– Pathway analysis 
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SOFTWARES 

NOVEMBER 4, 2016 - SİVAS 
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XCMS 

NOVEMBER 4, 2016 - SİVAS 

• Bioconductor package for processing LC/GC-MS spectra 

 

• Highest average precision and recall 

 

• Superfast 

 

• Supported formats: NetCDF, mzXML, mzData 
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XCMS 

NOVEMBER 4, 2016 - SİVAS 

> library(xcms) 

> cdfpath <- system.file("cdf", package = "faahKO") 

> cdffiles <- list.files(cdfpath, recursive = TRUE, full=T) # input files (step 1) 

> xset <- xcmsSet(cdffiles)  # peak picking (step 2) 

> xsg <- group(xset)    # peak alignment (step 3.1) 

> xsg <- retcor(xsg)     # retention time correction (step 3.2) 

> xsg <- group(xsg)     # re-align (step 3.3) 

> xsg <- fillPeaks(xsg)  # filling in missing peak data (step 4) 

> dat <- groupval(xsg, "medret", "into")  # get peak intensity matrix (step 5) 

> dat <- rbind(group = as.character(phenoData(xsg)$class), dat)  # add group label 

> write.csv(dat, file=‘MyPeakTable.csv’)  # save the data to CSV file 

>  
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MISSING VALUES 

NOVEMBER 4, 2016 - SİVAS 

• Filtering 

 

• MAR & MCAR 

 

• Missing value estimation 

 

• KNN method 
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FILTERING 

NOVEMBER 4, 2016 - SİVAS 

• Non-informative features 

 

• Strongly recommended for untargeted metabolomics 

 

• Multiple testing problem 

 

• Interquartile ranges, coefficient of variation 
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NORMALIZATION 

NOVEMBER 4, 2016 - SİVAS 

Metabolite Cancer Control 

G1iNS1 G144 G166 G179 CB541 CB660 

Acetoacetic acid 4.00 6.00 2.60 2.00 3.00 1.30 

Beta alanine 1.90 1.80 2.00 0.95 0.90 1.00 

Creatine 2.40 1.80 1.60 1.20 0.90 0.80 

Dimethyglycine 12.60 14.40 10.00 6.30 7.20 5.00 

Fumaric acide 5.80 3.00 22.40 2.90 1.50 11.20 

Glysine 20.00 16.80 44.44 10.00 8.40 22.22 

Homocysteine 0.66 0.20 2.12 0.33 0.10 1.06 

[…] ... ... ... ... ... ... 

TOTAL 2000 1800 2400 1000 900 1200 
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NORMALIZATION 

NOVEMBER 4, 2016 - SİVAS 

• Remove systematic variation between experimental 
conditions unrelated to the biological differences (i.e. 
dilutions, mass) 

 

• By sum 

 

• By reference compound (creatinine, internal standard) 

 

• By reference sample (e.g. probabilistic quotient 
normalization) 
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TRANSFORMATION 

NOVEMBER 4, 2016 - SİVAS 

• To bring variances of all features close to equal 

 

• Logarithmic transformation 

 

• Box-Cox transformation 

 

• Scaling (e.g. pareto scaling) 

 

• Additional z-score transformation (standardization) 
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DATA MATRIX 

NOVEMBER 4, 2016 - SİVAS 

 

• n < p                     curse of dimensionality 
n: number of samples 

p: number of features (e.g.metabolites) Traditional statistical algorithms 
are not applicable 
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CLASS-BASED ANALYSIS 

 Class comparison 

• Which metabolites are statistically significant among : 

– Tumor/non-tumor samples 

– Disease subtypes 

– Stage of the diseases 

 

• What roles do these metabolites have in related pathways? 

 

 Class discovery 

• Can we find metabolite clusters that have similar functions or 
find sample clusters to detect disease subtypes? 

 

 Class prediction 

• Can I use this data to predict a phenotype?  

 

 

NOVEMBER 4, 2016 - SİVAS 
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CLASS-COMPARISON 

• fold-changes 

 

• t-tests, ANOVA 

 

• sam (significance analysis of microarrays and 
metabolites) 

 

• limma (linear models for microarrays and metabolites) 

 

• volcano plots 

 

 

 
NOVEMBER 4, 2016 - SİVAS 
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MULTIPLE TESTING 

NOVEMBER 4, 2016 - SİVAS 

? 

• Which colour of the jelly beans cause to acne? 

http://training.bioinformatics.ucdavis.edu/docs/2012/05/RNA/_downloads/the-statistics-of-rna-seq.pdf 
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MULTIPLE TESTING 

NOVEMBER 4, 2016 - SİVAS 

http://training.bioinformatics.ucdavis.edu/docs/2012/05/RNA/_downloads/the-statistics-of-rna-seq.pdf 
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MULTIPLE TESTING 

Why does this matter? 

http://training.bioinformatics.ucdavis.edu/docs/2012/05/RNA/_downloads/the-statistics-of-rna-seq.pdf 
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MULTIPLE TESTING ADJUSTMENT 

http://training.bioinformatics.ucdavis.edu/docs/2012/05/RNA/_downloads/the-statistics-of-rna-seq.pdf 

p  
metabolites 
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MULTIPLE TESTING ADJUSTMENT 

http://training.bioinformatics.ucdavis.edu/docs/2012/05/RNA/_downloads/the-statistics-of-rna-seq.pdf 
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MULTIPLE TESTING ADJUSTMENT 

NOVEMBER 4, 2016 - SİVAS 

• m metabolites, m comparison tests 
 

• Assume we are testing H1, H2, ..., Hm 
 

• m0: # of true hypotheses, R: # number of rejected hypotheses 
 
 
 
 
 
 
 
 
 
 
 

• V: # of type I errors (false positives) 

Decision Actual Situation Total 

Null True Alternative 
True 

Not called 
significant 

U T m - R 

Called 
significant 

V S R 

Total m0 m – m0 m 
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BONFERRONI APPROACH 

NOVEMBER 4, 2016 - SİVAS 

• Simplest method to control type I error 
 

• Reject any hypothesis with p value  ≤ α/m 
 

• Conservative 
 

• Not logical to apply for high dimensional metabolomics data 
 

• If we have 1000 features to compare, only features which have p 
values less than 0.05 / 1000 = 0.00005 are statistically significant.  
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BENJAMINI and HOCHBERG FDR 

NOVEMBER 4, 2016 - SİVAS 

• FDR (False discovery rate) = V / R 
 

• FDR is designed to control the proportion of false positives among 
the set of rejected hypotheses (R) 
 
 
 
 
 
 
 
 
 
 

 

Decision Actual Situation Total 

Null True Alternative 
True 

Not called 
significant 

U T m - R 

Called 
significant 

V S R 

Total m0 m – m0 m 
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BENJAMINI and HOCHBERG FDR 

NOVEMBER 4, 2016 - SİVAS 

• To control FDR at level δ: 
 

1. Order the unadjusted p-values: p1 ≤ p2 ≤ ... ≤ pm 

 

2. Then find the test with the highest rank j, for which the p value pj, 
is less than or equal to (j/m)xδ 
 

3. Declare the tests of rank 1,2, ..., j as significant 
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BENJAMINI and HOCHBERG FDR 

NOVEMBER 4, 2016 - SİVAS 
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PATHWAY ANALYSIS 

NOVEMBER 4, 2016 - SİVAS 
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CLASSIFICATION 

Chen G (2013). Machine Learning for Bioinformatics using R. BGI Bioinformatics Workshop 
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CLASSIFICATION 

Chen G (2013). Machine Learning for Bioinformatics using R. BGI Bioinformatics Workshop 
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CLASSIFICATION 

Chen G (2013). Machine Learning for Bioinformatics using R. BGI Bioinformatics Workshop 
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CLASSIFICATION 

Chen G (2013). Machine Learning for Bioinformatics using R. BGI Bioinformatics Workshop 
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RANDOM FORESTS 

NOVEMBER 4, 2016 - SİVAS 
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PLS-DA 

NOVEMBER 4, 2016 - SİVAS 

• De facto standard for chemometric analysis 
 

• A supervised method that uses multiple linear regression technique to find 
the direction of maximum covariance between a data set (X) and the class 
membership (Y) 
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SUPPORT VECTOR MACHINES 

NOVEMBER 4, 2016 - SİVAS 
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SUPPORT VECTOR MACHINES 

NOVEMBER 4, 2016 - SİVAS 

Slack variables (ξ) allow misclassifying some points 
 

Kernel functions (radial-based, polynomial, etc.) are used 
for nonlinear classification 
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CLUSTERING 

NOVEMBER 4, 2016 - SİVAS 
Bais et al. (Biology Open, 2016) 
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