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Some background
• Research scientist- 

bioinformatician at CBRS. 
– RNA-Seq 
– Genome Assembly 
– Exome data analysis 
– Benchmarking of tools 

• Assistant Professor of 
Practice 
– Training grad students, 

post-docs. 
– Undergraduate- FRI



Goals of the Class

• When considering an RNA-Seq experiment 
– What kind of options are available for library prep? 

• When you have an RNA-Seq dataset 
– What kind of options are available for analysis? 

• Hands-on experience running typical RNA-Seq workflows 
on TACC  
– Some unix, R, TACC skills 

• Learn the terminology 

• Brief introductions to 3’ targeted RNA-Seq (tag-seq) and 
Single Cell RNA-Seq.



Setting General Expectations

• Lots of background and basics to provide comfort 
with terminology and key concepts. 

• Exposure to commands and typically used analysis 
tools using an example RNA-Seq dataset. 
– No one ‘best’ or ‘standard’ tool.  

• A starting point for you to design your RNA-Seq 
study or analyze your dataset. 

• First time teaching it virtually



Resources

• BioIteam Wiki- Bookmark it! 
    https://wikis.utexas.edu/display/bioiteam 

• Summer School course materials: https://
wikis.utexas.edu/display/bioiteam/
Introduction+to+RNA+Seq+Course 

• CBRS Bioinformatics consultants: https://
research.utexas.edu/cbrs/cores/cbb/
bioinformatics-services/
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• Library prep 

• Cluster generation/
amplification 

• Sequencing by synthesis 

• Done in parallel for billions 
clusters at once. http://www.cegat.de/

Second Generation Sequencing 
(or) Next Generation Sequencing









Illumina Sequencing Platforms

enseqlopedia.com

http://enseqlopedia.com


Illumina Sequencing Platforms

enseqlopedia.com

http://enseqlopedia.com




What are the Limations/Challenges?

• Amplification can cause 
problems.  
– Clusters are made by using PCR 

amplification. 

• Reads are short 
– difficult to align, assemble. 
– too short to span long repeat 

regions. 
– Difficult to detect large structural 

variations  like inversions.



What is RNA-Seq?
• Examine the state of the  
     transcriptome. 

• Genes expression patterns vary in: 
– Tissue types 
– Cell types 
– Development stages 
– Disease conditions 
– Time points 

• RNA-Seq measures these expression variations 
using high-throughput sequencing technologies.



What is RNA-Seq?

• RNA-Seq measures these expression 
variations 
– At gene level 
– At isoform level



Other Uses of RNA-Seq

● Assembling and annotating a transcriptome 
● Characterization of alternative splicing 

patterns 
● Gene fusion detection 
● Small RNA profiling 
● Targeted approaches using RNA-Seq 
● Profiling gene expression at single cell 

level



Advantages of RNA-Seq



What are your questions ?

• This determines how you set up your 
experiment and how you analyze the data. 

• What are you looking for? 
– Annotating a transcriptome? 
– Differential expression? 

• Novel transcripts/isoforms, junctions? 
• Differential gene expression? 
• Differential exon level counts? 
• Differential regulation? 

– Small RNA? 
– Identifying cell-types using gene expression?



RNA-Seq… at it’s Most Basic Form

Samples from two 
conditions

Isolate RNA Generate cDNA

Create sequencing library 
by fragmenting, size 
selection and adding 

adapters

Run sequencerGenerate short 
reads

Identify differentially 
expressed genes



RNA Illumina Tru-Seq library prep
2 days for 8 sam

ples

Size selection step

Adaptor ligation and 
standard library 
preparation



RNA-Seq Libraries… with More Details

Isolate RNA Generate cDNA Fragment, ligate 
adapters to create seq 

library

A. rRNA Depletion

Ribominus kit

B. Normalized library

Image from :www.genxpro.info

C. Size selection

Reserved for 
miRNA, 
siRNA 
profiling



RNA-Seq Libraries… with More Details

Isolate 
RNA

Generate 
cDNA

Fragment, ligate 
adapters to create seq 

library
Second Strand Synthesis-  
Many Strand Specific 
Methods.

Strand-specific libraries for high 
throughput RNA sequencing 
prepared without poly(A) selection, 
Zhang et al.



RNA-Seq… at it’s Most Basic Form

Samples from two 
conditions

Isolate RNA Generate cDNA

Create sequencing library 
by size selection and adding 

adaptors

Run sequencerGenerate short 
reads

Identify differentially 
expressed genes



cc c

DNA Template
Barcode/Index
Sequencing Primer
Sequence complement to the sequence in flowcell

1.R1

3.R2

2.I1

4.I2

Adapter: 

• Allows the template DNA to attach to the flowcell/cluster 
• Has  primer sequences to start synthesis off of. 
• Has barcodes/indexes for multiplexing

What is an adapter?



Types of Illumina Fragment Libraries



What is Depth of Coverage?

Number of reads ‘covering’ each position in the genome/
transcriptome. 

coverage = (read count * read length ) / total genome size
• Example:

• read count: 1000000 

• read length:  2x150bp = 300bp 

• genome size: 2MB = 2000000bp 

• Coverage= (1000000*300)/2000000= 150x coverage

Encode : recommendations for how 
much data you need 
encodeproject.org/data-standards/
rna-seq/long-rnas/



From RNA-seqlopedia

Actually important!

Actually important!



Why is RNA-Seq Difficult?

• Biases may mean what we are 
seeing is not reflective of true 
state of the transcriptome. 

• Ugh, splicing! 
• Gene level, exon level? 
• Multimapping, partial mapping,, 

not mapping. 
• Normalization issues 
–  some datasets are larger than 

others, some genes are larger than 
others

From Wikipedia- alternative 
splicing 



Illumina Fastq file



Illumina Base Quality Scores

Phred Quality Score Probability of incorrect 
base call

Base call accuracy

10 1 in 10 90%

20 1 in 100 99%

30 1 in 1000 99.9%

Quality scores are ASCII encoded in fastq files. Different platforms/older 
sequencing data can have different encoding! Illumina HiSeq 2500 produces 
Sanger encoded data.  
      Phred +33 =ASCII

   Q= -10log10P 



How do we analyze RNA-Seq data?

• STEP 1: EVALUATE AND MANIPULATE RAW 
DATA 

• STEP 2: MAP TO REFERENCE, ASSESS 
RESULTS 

• STEP 3: ASSEMBLE TRANSCRIPTS 
• STEP 4: QUANTIFY TRANSCRIPTS 
• STEP 5: TEST FOR DIFFERENTIAL EXPRESSION 
• STEP 6: VISUALIZE AND PERFORM OTHER 

DOWNSTREAM ANALYSIS
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APPENDIX



What is Next Generation(or) Second 
Generation Sequencing?



Figure:  
Garber et al, Nature Methods, 
2011 



                        Appendix

Levin et al. 
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Figure 1. Methods for strand-specific RNA-Seq 

Salient details for seven protocols for strand-specific RNA-Seq, 

differential adaptor methods (a) and differential marking 

methods (b). mRNA is shown in grey, and cDNA in black. For 

differential adaptor methods, 5’ adaptors are shown in blue, and 




