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10  Illumina HiSeq Xten             
17  Illumina HiSeq 2000/2500    
3    Illumina MiSeq     
1    Illumina NextSeq    
2    Life Technologies Ion Torrent   
6    Life Technologies Ion Proton   
2    Pacific Biosciences RSII    
2    Sanger ABI3730    
1    Argus Whole Genome Map. Syst.   
1    Oxford Nanopore MinIon   	
  

DNA sequencing at all scales 

One of the most well-equipped NGS sites in Europe! 



RNA-sequencing 
 

with short reads 



RNA-seq: standard procedure 



RNA-seq: the main question 

What to do with this? 



RNA-seq: analysis 



Complicating factor: alternative splicing 



RNA-seq: problem with short reads 



RNA-seq: problem with short reads 
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RNA-sequencing 
 

with very long reads!!! 



Pacific Biosciences RS II 
•  Pacific Biosciences  

–  Single molecule sequencing 
–  Very long read lengths (up to 30 kb) 
–  Rapid sequencing  
–  Can detect base modifications (e.g. methylation) 
–  Relatively low throughput 

Pacific Biosciences RSII 



PacBio – Sequencing Template 



PacBio output 
•  PacBio throughput 

~ 500Mb-1Gb/SMRT cell 
 
 
 
 
 
 

•  PacBio read lengths: 500bp-30kb 

 
 

~1 bacterial genome 
~1 bacterial transcriptome 

1 human genome = 150 SMRT cells 



PacBio – Current read lengths 
•  >10kb average read lengths! (run from April 2014) 



•  Single molecule sequencing 
-  One read – one transcript 

•  Transcript in full length 
-  No assembly required 

•  No systematic bias 
-  CG-rich, AT-rich, tandem repeats 

Iso-Seq: Full length RNA-seq on PacBio! 



RNA-sequencing on PacBio 
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PacBio Iso-Seq - library preparation 



PacBio Iso-Seq – reads of insert 



PacBio Iso-Seq: ROI of 1kb lib (2 cells) 

Read	
  Bases	
  of	
  Insert	
   78,108,189	
  
Mean	
  Read	
  Length	
  of	
  Insert	
   1,687	
  
Mean	
  Number	
  of	
  Passes	
   8.0	
  
Number	
  of	
  full-­‐length	
  non-­‐
chimeric	
  reads	
  

35,467	
  

Average	
  full-­‐length	
  non-­‐
chimeric	
  read	
  length	
  

1,679	
  



PacBio Iso-Seq: examples 

GeneCards	
  Summary	
  for	
  TMEM25	
  Gene:	
  	
  
TMEM25	
  is	
  a	
  protein-­‐coding	
  gene.	
  Diseases	
  associated	
  with	
  TMEM25	
  include	
  breast	
  cancer.	
  



PacBio Iso-Seq: examples (from PacBio) 

http://blog.pacificbiosciences.com/2014/10/data-release-whole-human-transcriptome.html



PacBio Iso-Seq: examples (from PacBio) 

http://blog.pacificbiosciences.com/2014/10/data-release-whole-human-transcriptome.html



PacBio Iso-Seq: examples (from PacBio) 

http://blog.pacificbiosciences.com/2014/10/data-release-whole-human-transcriptome.html



PacBio Iso-Seq: experimental design 

So how many SMRT cells do I need? 
 
Approximate scope guidance:  

•  1 SMRT Cell: targeted, gene-specific isoform 
characterization   

•  1-8 SMRT Cells: get a high-level overview of the 
transcriptome and isoforms of abundant transcripts  

•  8-50 SMRT Cells: get a detailed look at most transcripts 
and their isoforms  

•  >50 SMRT Cells: get a very thorough look at transcriptome 
with rare transcripts and rare isoforms or intermediates 

 
! Depends strongly on transcriptome complexity of the organism being studied ! 



Targeted RNA-sequencing 
 

with very long reads!!! 



Clinical project: Chronic Myeloid Leukemia 

•  BCR-ABL1 fusion protein – a CML drug target 

www.cambridgemedicine.org/arTcle/doi/10.7244/cmj-­‐1355057881	
  

The BCR-ABL1 fusion protein can 
acquire resistance mutations 
following drug treatment 



BCR-ABL1 workflow – PacBio Sequencing 



BCR-ABL1 mutations at diagnosis 

BCR ABL1 

 PacBio sequencing generates ~10 000X coverage!  

Sample from time of diagnosis: 



BCR-ABL1 mutations in follow-up sample 

Sample 6 months later 

Mutations acquired in fusion transcript. 
Might require treatment with alternative drug. 

BCR ABL1 



BCR-ABL1 dilution series results 
•  Mutations down to 1% detected! 



Summary of mutations in 5 CML patients 



Mutations mapped to protein structure 



BCR-ABL1 - Compound mutations 

P1 61m T315I

F359C

91.8%

4.2%
3.9%

P1 68.5m T315I

F359C

H396R

D276G

93.7%

2.0%

1.1%

2.0%

1.1%



BCR-ABL1 - Multiple isoforms in one individual! 



BCR-ABL1 – Isoforms and protein structure 



•  How to find mutations within isoforms??? 

Future bioinformatics challenge  
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Conclusions and next steps 
•  Sensitive method for BCR-ABL1 analysis! 

–  Also for compound mutations and isoforms  
 
•  Method now used in clinical routine! 

–  Patient samples coming to the clinic over a few months 
–  Response time limit: 2 weeks 

Routine analysis 
(Sanger) 

NGS analysis 
(PacBio) 

Evaluation CML patients 



Our clinical diagnostics pipeline! 
Step1. Create CCS reads 

Step2. Run mutation analysis Step3. Upload to result server 



Sequel - New PacBio instrument with higher throughput! 

News and future directions (1) 

7x more data per SMRT cell! 



Nanopore technology - for direct RNA sequencing? 

News and future directions (2) 

Enables detection of modified RNA bases?? 
PromethION	
  


