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Splicing: variations &result 

  Splicing regulated by 
 RNA-binding factors 
 cis RNA elements 

  Isoforms can differ in 
 Function (e.g. opposing) 
 Structure  
 Localization 

  Difficult for microarrays 

The miRNA pathway 

Microarrays: size, #probes, and 
#basepairs Arrays: low level preprocessing  

  Goal: transform array hybridization measures into 
expression level for genes. 
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Steps in low level preprocessing  

  Image analysis 

  Background adjustment 

  Normalization 

  Summarization  

  Quality assessment 

Quality control 

  Approximately the same average background 
  Approximately the same % present calls 
  Approximately the same 3’/5’ ratio 

Sequencing machines 

  New sequencing machines 
  454 (Roche, 300bp reads, 100Gbp per run, 1 week) 
  SOLiD HiQ (AppliedBiosystems, 50 bp reads, 300Gbp per 

run, 1 week) 
  Solexa (Illumina, 100 bp reads, 200Gbp per run, 1 week) 
  SOLiD PI (beta-test, 4000-5000 bp, 20-50 Gbp per run, 24 

hours, single molecule sequencing) 

  Coming 
 VisiGen (nano-sequencing plattform) 
  Pacific Bioscience (2010, 15 minute human genome 2013) 
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Seq-based methods 

  Genomic sequencing 
 Genomes 
 SNPs 

  mRNA-Seq 
 Transcriptome 
 Screening mutations  
 Alternative splicing 

  ChIP-Seq 
 Transcription factor binding sites 
 Methylation, other modifications 

  Clip-Seq 
 RNA binding proteins (RNABP) binding sites 

Previous methods   

  Capillary sequencing 
  Microarrays 

 ChIP-chip 

  SAGE – serial analysis of gene expression 
  MPSS – massively parallel signature sequencing 

Multiple preprocessing Mortazavi et al., Nature Methods, 08 
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Overview  

  Solexa sequencing 
  Mouse brain, liver, skeletal muscle tissues 

 Poly(A)-selected RNA  
 41-52 M reads, length 25 

  Linear relation between #reads and #transcripts 
  Mostly known exons but some new gene models 
  145000 distinct splices 
  Evidence of 3,500 alternatively spliced genes 
  Evidence of 3,000 novel 3’UTRs 
  Evidence of 3,000 novel TSSs 

Challenges 

  Detecting low abundance classes 
  Large genomes with genes of complicated structure 
  Families of paralogous genes  
  Uniformity over transcipts 

Overall procedure 

  Extract mRNA for genes 

  Shatter to increase uniformity 
  (200-300bp)  

  Make cDNA and sequence 

  Map to genome 

  Calculate prevalence 

  Normalize by length 

Important differences 

  Digital measure 
  No bacterial cloning 
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Reads and genes 

  We want to know the transcription levels of genes 
  10-30 M 25 bp reads each mapped to a unique locus 

  The rest irrelevant?  
  How quantify expression level? 

Reads and genes 

  We want to know the transcription levels of genes 
  10-30 M 25 bp reads each mapped to a unique locus 

  The rest irrelevant?  
  RPKM – reads per kilobase of exon per M mapped 

reads 
  What is transcribed? 
  Are RPKM levels reliable?  

  Technical replicates  
 Added controls 
  Known biology 
  Backward compatibility  

Known biology: Myf6 and Myf5  

  Uniqely mapped 
reads summarized by 
RNA-Seq graph 

  Myf6 and Myf5 are 
known to be muscle 
specific 

Technical replicates 

  All mouse genes  
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Added controls What is transcribed? 

How deep sequencing? Pipeline 
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Value of multi-loci reads Effect of multireads 

Multireads and Ubb Splices and unmapped  
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Mef2d Candidate microRNA 

Conclusions 

  17000 new clusters of reads 
 ~3000 newly identified alternative 3’UTRs 
 ~3000 newly identified alternative TSS 

  596 new candidate transcripts 

Future  

  Prevalence normalization 
  Paired-end sequencing 
  Better, longer, faster, cheaper… 


