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Part 1: Omics data repositories and data processing 
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Omics data 

• Nowadays, we can perform many high-throughput 
measurements in molecular biology, called ‘omics’ 

 

• This can be: 

– Genetic variations: genomics 

– Gene expression: transcriptomics 

– Protein abundance: proteomics 

– Metabolite abundance: metabolomics 

– Epigenetic modifications: epigenomics 

– ... 
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Reuse of omics data 

• Omics data are often hypothesis generating 

 

• They contain more information than has been used for the 
original research or paper 

 

• They may be reused to answer other research questions or to 
be explored in a different way 

 

• They may be integrated with newly generated data or 
compared to that 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiQjP7D_MLSAhXIiRoKHdY-CTYQjRwIBw&url=http://www.maastrichtinstruments.nl/logo-mhens/&psig=AFQjCNHBisA8oh9eeCHUMZX1ve4-VbJESw&ust=1488927291640052


FHML  5 

Repositories of publicly available omics data 

 Sharing data is important (and even often obligatory) 

– To be able to validate original results and conclusions 

– But also to reuse data for other studies 

 

• To support easy of use, repositories commonly make use of 
standardised data formats 

 

• Also proper annotation (metadata) is required, otherwise the 
data cannot be understood or reused 

– Metadata should be detailed enough 

– Provide information on the samples, also on possible covariates 

– Using standardised formats as much as possible 

– Using standardised terminology as much as possible to make it 
easier to find and compare studies 
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Raw and processed data 

• Omics data has to be processed after generation, in order to 
be used for statistical and biological evaluation and 
interpretation (as will be discussed shortly) 

 

• Data may be made available at different levels: 

– Raw or unprocessed data per sample 

– Processed or ‘normalised’ data per sample 

– Statistically analysed data, e.g. Comparisons between 
experimental groups 

 

• Repositories generally contain raw and/or processed data 

– The statistically analysed data is often provided with the paper (as 
this depends on the research questions asked) 
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General concepts of processing of omics data: 
transcriptomics data 

 

• One of the most commonly used methods is 
transcriptomics 

 

• This related to the fact that it is easier to measure 
mRNA expression than abundance of proteins 
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DNA RNA 
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Gene expression is an indirect measure of effect 

Note however, that this does not 
take into account: 

› RNA transport 

› Translation to protein 

› Posttranslational modification 

› Protein localisation 

› Protein degradation 
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Technologies for transcriptomics 

• The two most commonly used technologies for high-
throughput gene expression measurement are microarrays 
and RNA-sequencing 

 

• Microarrays contain predesigned probes to detect a large 
number of gene transcripts (mostly tens of thousands) 

– Can only measure genes for which the probes (short 
complementary sequences) have been designed 

 

• RNA-sequencing sequences all mRNAs present and quantifies 
the number of molecules detected (read counts) 

– Can measure everything present 
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Repositories for transcriptomics data 

• The most known general repositories for 
transcriptomics data are ArrayExpress (Europe) and 
Gene Expression Omnibus (GEO, VS) 
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Quality control (QC) 

• Ensure comparable signals for all samples: 

– Degraded / low quality sample 

– Failed hybridisation 

– Too low or high overall intensity 

 

• Some differences can be corrected for, others 
require removal of data from the set 

 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiQjP7D_MLSAhXIiRoKHdY-CTYQjRwIBw&url=http://www.maastrichtinstruments.nl/logo-mhens/&psig=AFQjCNHBisA8oh9eeCHUMZX1ve4-VbJESw&ust=1488927291640052


FHML  16 

Boxplot 
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Density plot 
 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiQjP7D_MLSAhXIiRoKHdY-CTYQjRwIBw&url=http://www.maastrichtinstruments.nl/logo-mhens/&psig=AFQjCNHBisA8oh9eeCHUMZX1ve4-VbJESw&ust=1488927291640052


FHML  18 

Scans 
Image 

analysis 
Raw 
data 

Data pre-
processing 

Norm 
data 

Quality 
control 

Data processing workflow 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiQjP7D_MLSAhXIiRoKHdY-CTYQjRwIBw&url=http://www.maastrichtinstruments.nl/logo-mhens/&psig=AFQjCNHBisA8oh9eeCHUMZX1ve4-VbJESw&ust=1488927291640052


FHML  19 

Pre-processing: normalisation 

• After discarding bad samples, remaining differences not 
related to the biology, need to be corrected for 

– Differences in signal strength between samples (e.g. because of 
different amount of starting material) 

– Experimental artifacts 

– Batch effects 

 

• This is mostly done based on the assumption that the overall 
distribution of the signals of all measured genes should not 
change between samples 

 

• This is quite robust! 

– Not always true: in such cases one can use other methods (for 
example using added artificial controls) 
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Log transformation 

• Generally, the measurements are first 2log-transformed 

− The distribution of the logged intensities is more ‘normal’ than on 
the original scale 

− 2log is common in biology for reasons of interpretation 

 

• Check whether processed data is given on a log scale or not 

 

• After logging and normalisation one can compute the 
difference in means (‘logFC’) between several experimental 
groups 

− The difference is easier to handle statistically (additive model) 
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The log Fold Change 

• We are normally interested in the ratio of a gene’s expression 
between experimental groups, called the  
fold change  a / b 

 

• This transforms to a difference on the log scale, the  
log fold change  logFC = 2log(a/b) = 2log(a) – 2log(b) 

 

• 2logFC computes the ratio on original scale   
 
2logFC = 2(2log(a) – 2log(b)) = 2(2log(a/b)) = a / b 
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The log Fold Change 

• The logFC ‘spreads out’ the data and offers symmetry 

 
 
 

• ‘raw’ ratio (FC) 
 

 

• log ratio (logFC) 

0 1 -1 

1 2 ½ 

1 2 ½ 2log of: 
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Boxplots 
before 

after 
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Density plots 

 

 

 

 

 

 

 

 
Recall: The assumption is that most genes do not change! 

before after 
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Clustering plot 

• Outliers 

• Grouping as 
expected? 

• Wrongly grouped 
samples 

• What determines 
grouping 

– For example: 
maybe not 
treatment but sex 
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PCA plot 

• Outliers 

• Grouping as 
expected? 

• Wrongly grouped 
samples 

• What determines 
grouping 

– For example: 
maybe not 
treatment but sex 

shows high dimensional data in 2 or 3 dimensions 
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Sample correlation plot 
Correlation coefficient between two arrays 
(always between -1 and 1) 

Note what 
the scale is 
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Pre-processing: normalisation 

• The procedure is cyclic 

 

– Several QC plots are made before and after normalisation 

 

– Whether normalisation can correct an artifact may influence 
decision to discard or not 

 

– After data selection, the QC and normalisation should be 
run again 

• Some abberations may have been masked by larger ones 

• Normalised signals should not depend on low quality arrays 
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Normalised data: which genes did we measure? 

Gene 1 
Gene 2 
. 
. 
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Gene n 
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Low intensity filtering 
 

• Before filtering 

 

 

 

 

 

 

 

• After filtering 

 

 

• Low intensity spots are 
more affected by noise 
signal 

average intensity 

difference between groups 
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Gene 1 
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Gene n 

Low intensity (unexpressed) genes may be removed 
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Finding interesting genes 

• Once we have numbers for the measurements of the genes, 
we need a way to find the genes which are interesting to us 

 

• We need to compare groups! 
– Significance in a statistical test looking for differences between 

two or more groups 

– Fold change between two conditions 

– Correlation to another feature of interest 

 

• But we also need to take the multiple testing problem in to 
account 

Dr. Rachel Cavill, Department of Knowledge Engineering, 
FHS, kindly provided some of these slides 
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Using fold change and statistical significance 

Often people use both fold 
change and statistical 
significance between two 
groups to determine the 
list of significant genes 

Fold 

change 

high 

Fold 

change low 

Significant 

Non-

Significant 
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Why do we need to worry about multiple testing? 

If we have 10,000 measurements for 
each item in 2 groups, with a t-test 
we find measurements different 
between the two groups… 

 

– We will expect 500 of the 
measurements to be significantly 
different in the t-test (p<0.05) 

 

 

 

 

 

 

With 10,000+ genes measured by each microarray, 
we can get many false positive results. 
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How do we deal with multiple testing? 

• Examples of multiple testing correction methods: 

 
• Bonferroni – a very strict correction, very few false positives remain, 
but we will discount many true positives too. 
  
Adjusted p-value = calculated p-value * number of tests done 
 
E.g. when we test 100 genes to see if they are different between the two 
groups.  A certain gene gives a p-value of 0.002, the adjusted p-value is; 
 0.002 * 100 = 0.20 – not significant. 
 
 
• Benjamini-Hochberg – we set the % of results which we can tolerate 
as false positives (False Discovery Rate or FDR control) 
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What next? 

• Once we have found a list of genes which are correlated or 
significantly changed between two groups, we often still have 
1,000’s of genes to consider.   

• We may use only the most changed genes only to further 
study the differences between the groups 

• Or search the literature 

• Or better…apply:          some of those you will see in the next practical 

– Clustering methods 

– Correlation methods 

– Classification methods 

– Pathway analysis  

– Gene Set Enrichment Analysis 

– Gene Ontology analysis 

– Network analysis 

– … 

  biological interpretation 

Recall: hypothesis 
generating 
 
 eventually, get back to 
the lab or study subjects to 
biologically verify findings 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiQjP7D_MLSAhXIiRoKHdY-CTYQjRwIBw&url=http://www.maastrichtinstruments.nl/logo-mhens/&psig=AFQjCNHBisA8oh9eeCHUMZX1ve4-VbJESw&ust=1488927291640052


FHML  42 

Scans 
Image 

analysis 
Raw 
data 

Data pre-
processing 

Norm 
data 

Statistical 
analysis 

Stat 
result 

Further 
analysis 

Quality 
control 

Quality 
control 

Data processing workflow The basic principles are generic: 

Dependency on technology 

Dependency on biological 
question 

(Re)-
annotation 

Filtering 

The details are different: 
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Next Generation Sequencing (NGS) 

• A more recent development is the use of Next-Generation 
Sequencing (NGS) or High Throughput Sequencing (HTS) to 
measure mRNA 

 RNA-Seq 

 It “reads” all the mRNA fragments provided, giving us counts 
of the frequency of each mRNA across the whole genome 

 

• And to identify genetic variants 

 DNA-Seq 

 Also possible for coding regions based on RNA-Seq 

 

• And many other applications (not discussed now) 
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Reads 
Genome 
mapping 

Counts 
Data pre-
processing 

Norm 
data 

Statistical 
analysis 

Stat 
result 

Further 
analysis 

Quality 
control 

Quality 
control 

Data processing workflow for RNA-seq 

Annotation Filtering 

Scans 

different from microarrays similar to microarrays 
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  http://www.arrayanalysis.org 
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Peaks 
Peak 

Alignment 
Aligned 
Peaks 

Statistical 
analysis 

Stat 
result 

Further 
analysis 

Quality 
control 

Quality 
control 

Data processing workflow for (untargeted*) metabolomics 

Annotation 

difference in 
metabolite 
concentrations 

(* targeted metabolomics is easier: you know what you are measuring, and get (raw) values directly) 

difficult 
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Visible Metabolome: NMR of urine 

Bryan et al. BMC Bioinformatics 2008 9:470 doi:10.1186/1471-2105-9-470 

Based on slide by Dr. Egon Willighagen, BiGCaT 
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Metabolomics LC/MS & GC/MS: Peak Alignment 

Smith et al., XCMS: Processing Mass Spectrometry Data for Metabolite Profiling 
Using Nonlinear Peak Alignment, Matching, and Identification, 2006, Anal. Chem. 

Based on slide by Dr. Egon Willighagen, BiGCaT 
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Identification: M/Z to structure 

Peironcely et al. JChemInf 2012 4:21 doi:10.1186/1758-2946-4-21 

Based on slide by Dr. Egon Willighagen, BiGCaT 

Note: some 
analysis is already 
possible without 
identification 
(clustering, PCA, 
classification) 
 
But to biologically 
interpret we need 
identified 
metabolites 
 
 
Note 2: adducts 
may change the 
M/Z value 
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Which identiy is the correct one? 

Fragment peaks may help 

Rojas-Cherto et al. Anal. Chem., 2012, 84 (13), p 5524–5534, DOI: 10.1021/ac2034216 
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Part 2: Finding information about genes and metabolites 
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Genome databases 

• Ensembl (Europe) 

 

 

 

• NCBI (US) 
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Ensembl 
gene 
identifier 

Ensembl interface 

Menu 

Tabs (location, gene, transcript, ... 

Information 
pane 
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Gene (protein) function: Gene Ontology (GO) terms 

• These are systematic terms that indicate: 

– biological processes 

– molecular functions 

– cellular localisations  

   which proteins are involved in 

 

• These terms are in a tree-structure 

– nested, dependent! 
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metabolism 

carbohydrate 
metabolism 

fatty acid 
metabolism 

glucose 
metabolism 

OXPHOS glycolysis 

GO example 
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Metabolite databases 

• HMDB contains human metabolites 
(Human Metabolome Database) 

 

 

 

• ChEBI contains all metabolites 
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HMDB interface 

Menu 

Metabolite 
name 

HMDB 
identifer 

Information 
pane 
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Today’s practical 

• Look up a dataset related to thyroid neoplasia in 
ArrayExpress and check which information is 
provided 

• Look at some QC images for this dataset* 

• Evaluate statistical results from this dataset* 

• Find information about a strongly changed gene in 
Ensembl 

• Look at metabolomics results from another study on 
thyroid neoplasia 

• Look up some information about T3 and T4 in HMDB 

 

* These we have generated for you using ArrayAnalysis 
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Organisational aspects 

 

• At the end of the practical, make sure you get signed off 

• This will be done digitally by any of the supervisors 

 

• If you finish early and want te leave, you have to show your 
answers to the supervisor before being signed off 

 

• The practical takes 4 hours 

– 9.00 am – 1.00 pm   or   1.30 pm – 5.30 pm 

• After 2 hours there is a 15 minute break (return on time!) 

– At 11.00 am  or  3.30 pm 
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Practical coordinator 

 

Lars Eijssen 

l.eijssen@maastrichtuniversity.nl 

 

GOOD LUCK! 
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