
RNAseq Data Analysis 

Jianguo (Jeff) Xia, Assistant Professor 

jeff.xia@mcgill.ca | www.xialab.ca 

McGill University, QC 

https://ecotoxxplorer.github.io/ Slides are available online: 

mailto:jeff.xia@mcgill.ca
http://www.xialab.ca/
https://ecotoxxplorer.github.io/


Omics Data Analysis Overview 2 

Data 

processing & 

quality check 

Statistical 

analysis & 

visualization 

Functional 

interpretation 



RNAseq Big Picture 

1. Scientific question (biological) 

2. Study design (biological/statistical) 

3. Conducting experiment (biological) 

4. Sequencing  

5. Read mapping and transcript identification 

6. Pre-processing & normalization  

7. Finding differentially expressed genes  

8. Interpreting the results  
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http://meetings.cshl.edu/courses.html 



6 Mapped Reads   



Read mapping & transcript 
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Major Pipelines - from reads to 

transcript counts 

 1st generation 

• Tophat-Cufflinks 

 2nd generation 

• Tophat/STAR-HTSeq 

 3rd generation 

• Kallisto / Salmon 

https://www.nature.com/articles/s41598-017-01617-3 



Benchmarking against qPCR  

https://www.nature.com/articles/s41598-017-01617-3 



Pseudo-alignment  

Kallisto is able to quantify a paired-

end library with 22 million reads in 

3.5 minutes on a single-core with 

8GB of memory 

https://gencore.bio.nyu.edu/salmon-kallisto-rapid-transcript-quantification-for-rna-seq-data/ 



From reads to counts 



RNAseq differential expression analysis 



Two widely used step-by-step tutorials (I) 



Task overview 

1. QC (sanity check) 

 Sequence depth 

 PCA/MDS plot 

 MSD plot 

2. Data Filtering 

 Filtering genes 

 Filtering samples 

3. Differential Expression Analysis 

4. Visual exploration & functional analysis  

 

 

 



Data Input 

 A raw count table (not RPKM/FPKM) 

 Sample names in columns 

 Transcript names in rows 

 Group labels states with ‘#CLASS:’ (can be more than 1) 



Data filtering 

Very small values  

Close to baseline or detection limit  

Near-constant values  

 Throughout the experiment conditions   

Low repeatability  

QC/Spike-ins 

Unannotated transcripts?  

Will not contribute to functional analysis 



Uneven sequence depth? 



Data Overview (MDS/PCA) 



MSD Plot 



Normalization Methods 

 Many methods have been developed 

 Total Count (TC) 

 Upper Quantile (UQ) 

 Median (Med) 

 DESeq built-in 

 Trimmed Mean of M-values (TMM) 

Used by edgeR 

 Quantile (Q) 

 RPKM 



Performance 

 Intra-group variance 

http://www.ncbi.nlm.nih.gov/pubmed/22988256 



Performance 

 House keeping genes 

http://www.ncbi.nlm.nih.gov/pubmed/22988256 



Performance  

 False discovery rate 

http://www.ncbi.nlm.nih.gov/pubmed/22988256 



Differential Expression  

Comparative analysis:   

Compare gene expression across two or 

more samples to determine significant 

differential expressed gene list. 

Methods in R:  

 Limma  

Adapted to support RNAseq after voom 

transfomarion 

 EdgeR 

 DESeq2 

       



EdgeR & Limma (voom) 

http://www.ncbi.nlm.nih.gov/pubmed/24485249 



Code Snippet (edgeR) 

# count.data is a matrix with genes in rows and samples in column 

# cls.lbl is a factor containing class labels for the samples 

> require(edgeR); 

> design <- model.matrix(~-1 + cls.lbl); 

> colnames(design) <- levels(cls.lbl); 

> grps.cmp <- paste(levels(cls.lbl)[2],”–”,levels(cls.lbl)[1],sep=""); 

> myargs <- list(grps.cmp, levels = design); 

> contrast.matrix <- do.call(makeContrasts, myargs); 

> y <- DGEList(counts=count.data, group=cls.lbl) 

> y <- calcNormFactors(y) 

> y <- estimateGLMCommonDisp(y, design); 

> y <- estimateGLMTrendedDisp(y, design); 

> y <- estimateGLMTagwiseDisp(y, design); 

> fit <- glmFit(y, design); 

> lrt <- glmLRT(fit, contrast=contrast.matrix); 

> topFeatures<-topTags(lrt,n=Inf)$table; 

• EdgeR user guide:  
https://bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUs
ersGuide.pdf 

https://bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf
https://bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf


Step-by-step RNAseq Analysis 

In R - RNAseq123 

RNA-seq analysis is easy as 1-2-3 with 

limma, Glimma and edgeR 

https://www.bioconductor.org/help/workflows/

RNAseq123/ 

Using EcoToxXplorer!! 

Free, web/cloud-based tool 

Implemented most steps and algorithms  

Interactive visualization 

 

 

https://www.bioconductor.org/help/workflows/RNAseq123/
https://www.bioconductor.org/help/workflows/RNAseq123/


 

Tutorial @ GitHub: 

• https://ecotoxxplorer.github.io/ 

 

Two websites: 

• http://www.ecotoxxplorer.ca 

• http://dev.ecotoxxplorer.ca 

 

Demo & hands on   

https://ecotoxxplorer.github.io/
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