
Francisco García
fgarcia@cipf.es

Babelomics 5:  RNA-Seq Data Analysis

RNA-Seq Data Analysis 
from Babelomics 5

MDA course on NGS Data Analysis
Valencia,   29 Sep 2015



NGS technologies

Reference genome

How do these technologies work ?

 NGS data analysisIntroduction



General context

RNA-Seq Data AnalysisIntroduction



RNA-Seq Data Analysis

Gene/transcript length dependence

 Counts are proportional to...
 the transcript length
 the mRNA expression level.

Introduction



RNA-Seq Data Analysis. Normalization

Count Normalization

 Transcript length: within library
 Library size: between libraries
 Many other biases ...

 Differences on the read count distribution among samples.
 GC content of the gene affects the detection of that gene (Illumina)
 sequence-specific bias is introduced during the library preparation

Introduction



Count Normalization

 RPKM: Reads Per Kilobase of the transcript per Million mapped 
reads 

 C is the number of mappable reads mapped onto the gene's 
exons.

 N is the total number of mappable reads in the experiment.
 L is the total length of the exons in base pairs.
 Fragments Per Kilobase of exon per Million fragments mapped 

(FPKM), 
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Fastq format

 We could say “it is a fasta with 
qualities”:

 1. Header (like the fasta but starting with “@”)
 2. Sequence (string of nt)
 3. “+” and sequence ID (optional)
 4. Encoded quality of the sequence

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

Introduction RNA-Seq Data Analysis:  files format



BAM/SAM format
@PG     ID:HPG-Aligner  VN:1.0
@SQ     SN:20   LN:63025520

HWI-ST700660_138:2:2105:7292:79900#2@0/1        16      20      76703   254     76=     *       0       0       
GTTTAGATACTGAAAGGTACATACTTCTTTGTAGGAACAAGCTATCATGCTGCATTTCTATAATATCACATGAATA    
GIJGJLGGFLILGGIEIFEKEDELIGLJIHJFIKKFELFIKLFFGLGHKKGJLFIIGKFFEFFEFGKCKFHHCCCF    AS:i:254        NH:i:1  NM:i:0

HWI-ST700660_138:2:2208:6911:12246#2@0/1        16      20      76703   254     76=     *       0       0       
GTTTAGATACTGAAAGGTACATACTTCTTTGTAGGAACAAGCTATCATGCTGCATTTCTATAATATCACATGAATA    
HHJFHLGFFLILEGIKIEEMGEDLIGLHIHJFIKKFELFIKLEFGKGHEKHJLFHIGKFFDFFEFGKDKFHHCCCF    AS:i:254        NH:i:1  NM:i:0

HWI-ST700660_138:2:1201:2973:62218#2@0/1        0       20      76655   254     76M     *       0       0       
AACCCCAAAAATGTTGGAAGAATAATGTAGGACATTGCAGAAGACGATGTTTAGATACTGAAAGGGACATACTTCT    
FEFFGHHHGGHFKCCJKFHIGIFFIFLDEJKGJGGFKIHLFIJGIEGFLDEDFLFGEIIMHHIKL$BBGFFJIEHE    AS:i:254        NH:i:1  NM:i:1

HWI-ST700660_138:2:1203:21395:164917#2@0/1      256     20      68253   254     4M1D72M *       0       0       
NCACCCATGATAGACCAGTAAAGGTGACCACTTAAATTCCTTGCTGTGCAGTGTTCTGTATTCCTCAGGACACAGA    
#4@ADEHFJFFEJDHJGKEFIHGHBGFHHFIICEIIFFKKIFHEGJEHHGLELEGKJMFGGGLEIKHLFGKIKHDG    AS:i:254        NH:i:3  NM:i:1

HWI-ST700660_138:2:1105:16101:50526#6@0/1       16      20      126103  246     53M4D23M        *       0       0       
AAGAAGTGCAAACCTGAAGAGATGCATGTAAAGAATGGTTGGGCAATGTGCGGCAAAGGGACTGCTGTGTTCCAGC
    FEHIGGHIGIGJI6FCFHJIFFLJJCJGJHGFKKKKGIJKHFFKIFFFKHFLKHGKJLJGKILLEFFLIHJIEIIB    AS:i:368        NH:i:1  NM:i:4

SAM Specification: 
http://samtools.sourceforge.net/SAM1.pdf 
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Counts

Sample
Gene
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1. Sequence preprocessing1. Sequence preprocessing

2. Mapping

3. Quantification

6. Functional Profiling

RNA-Seq Data Analysis Pipeline
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RNA-Seq Data Analysis

5. Differential expression

4. Normalization

Pipelines

Fastq

BAM

Count matrix



Supervised and Unsupervised Classification
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Differential Expression

RNA-Seq Data Analysis 
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More information

Babelomics tutorial:

http://babelomics.bioinfo.cipf.es/

RNA-Seq Data Analysis Babelomics 5

http://babelomics.bioinfo.cipf.es/

