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Outline 

RNA sequencing overview 

Available Bioinformatic tools in the Institute 

Examples 

ωTranscriptomes 

ωRNA-Seq of Solanum eleagnifolium 

ωRNA-Seq of Salvia pomifera 

ωMetatranscriptome analysis 

ωWastes from olive oil  

ωLaurencia microcladia 

Conclusions 
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RNA-seq 

high-throughput 
sequencing technology 
for sequencing RNAs 

invaluable tool for study 
the gene content of an 

organism 

ωgene/transcript/exon expressions 

ωalternative splicing 

ωgene fusions 

ωpost-transcriptional mutations 

ωsingle nucleotide variations 

ωIdentify organism in ecosystems 
ωΧ 

allows researchers to 
obtain information like: 
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Why RNA-seq? 
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RNA-seq 

cDNA array 

SNPs array 

Exon array 

(alternative splicing) 

~1000ú/sample 

- exon/transcripts expressions 

- gene expressions 

- alternative splicing events 

- SNPs 

- fusion genes 

- ... 
Exon array 

(fusion genes) 

~700ú/sample 

~400ú/sample 

~600ú/sample 

~700ú/sample 

RNA-seq vs array technologies 

RNA sequencing overview 



RNA-seq 

Á It reduces greatly the variability between experiments 
compared to other established measurement technologies like 
microarrays, exon arrays, etc. 

ÁDue to the small size of the read (cDNA is fragmented before 
sequencing) the bioinformatics analysis is challenging, e.g. 

Áde novo assembly 

Áaligning of sequenced reads 

Ácomputation of gene/transcript/exon expressions 
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General steps of RNA-seq analysis 

Filtering of short reads 

Aligning the reads against a reference (if any) 

Computationaly analyse the readsΩ alignments 

ωcompute the gene/transcript/exon expressions 

ωfind new/known alternative splicing events 

ωfind new/known fusion genes 

ωfind new/known SNPs 

Visualization 

8 

RNA sequencing overview 



Filtering of short reads 
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Adaptor and reads in RNA-seq 

adaptor 
adaptor 

This is sequenced (short reads) 

5ô end 3ô end 

RNA sequencing overview 



Data file format 
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1. Tag of eliminate adaptors 
2. Quality check 
Å Base quality 
Å Presence of repeats 
Å Poly-A tag or trim 



Fastq file structure 
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How to filter the reads? 
Using scripts (Shell, Perl, Python etc) 



Aligning the reads against a reference (if any) 
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Exon A Exon B 

Exon A Exon B 
transcript 

chromosome 

? 
? 

? 

? 

? 

Exon C Exon D 

Exon C Exon D 

? 
? 

? 

? 

? 

Readsô mappings at chromosome and transcript level 

RNA sequencing overview 



Data output of the main NGS platforms 

 

2*10e9/100 = 
20.000.000 

reads 

1*10e9/250 = 
4.000.000 

reads 

6*10e10/100 
= 

6.000.000.000 
reads 



Available Bioinformatics  tools in the Institute for RNA-Seq 

Á Assemblers 

Á Phred/phrap/consed 

Á MIRA 

Á VELVET 

Á Abyss 

Á Soapdenovo 

Á Soapdenovo Trans 

Á Trinity 

Á Tools 

Á Emboss  

Á GALAXY 

Á MEGAN 

Á BLAST 

Á HMMER 

Á TopHat 

Á Cufflinks 

Á MG-RAST 
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ÅComputer power 

ÅTesting Server 
Å8 cores RAM 14 Gb 

ÅHD 3.5 Tb 

ÅWorking cluster (In progress) 
Å36 Cores  

ÅRAM 384 Gb 

ÅHD 12 Tb High Speed SSD 

ÅOS 

ÅUbuntu Server 12.04 

ÅDatabases 

Ånt 

Ånr 

ÅPFAM 

Å16S 

ÅCustom databases 



Assemblers 

Á Velvet: Sequence assembler for very short reads  

Á Assembly By Short Sequences - a de novo, parallel, paired-end sequence 
assembler  

Á MIRA 3 - Whole Genome Shotgun and EST Sequence Assembler for Sanger, 
454 and Solexa / Illumina 

Á SOAPdenovo  and SOAPdenovo Trans is a novel short-read assembly 
method that can build a de novo draft assembly for the human-sized 
genomes. The program is specially designed to assemble Illumina short 
reads. 

Á Trinity represents a novel method for the efficient and robust de novo 
reconstruction of transcriptomes from RNA-seq data 
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Tools 
Á EMBOSS : A high-quality package of free, Open Source software for 

molecular biology (160.40.70.143/emboss-explorer 

Á Galaxy is an open, web-based platform for data intensive biomedical 
research. 

Á  MEGAN 4 - MEtaGenome Analyzer: Software for analyzing 
metagenomes.  

Á MG-RAST ς Metagenomic web tool 
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Conclusions 

Á RNA-seq data analysis: 

Á is computational intensive (when compared to, for example, microarray analysis) 

Á needs very good filtering criteria, which are based on biology mathematics, in order to 
improve the quality of the results (i.e. low number of false positives) 

Á there is not only one established way of doing it 

Á many tools used for analysis, e.g. aligners, samtools, etc., are still work in progress 

Á Visualization: 

Á multiple facets, i.e. read coverage, fusion genes, etc. 

Á depends on the user profile: 

1. biologist/medical doctor  

2. bioinformatician  
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RNA-Seq of Solanum eleagnifolium 
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