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RNA-‐Seq	  –	  an	  Emerging,	  Powerful	  
Approach	  to	  Studying	  Transcriptome	  

•  Study	  genome-‐wide	  gene/RNA	  expression	  
profiles	  

•  Iden:fy	  differen:ally	  expressed	  genes	  	  
•  Recognize	  alterna:ve	  splicing,	  isoforms,	  SNPs	  
•  Recall	  very	  lowly	  expressed	  genes	  
•  Iden:fy	  novel	  transcripts	  
•  Elucidate	  genes	  and	  pathways	  perturbed	  by	  
botanical	  compounds	  



RNA-‐Seq	  Data	  Processing	  Steps	  

•  Isolate	  RNA	  	  
•  Prepare	  a	  RNA	  
library	  

•  RNA	  sequencing	  
by	  NGS	  

•  Reads	  mapping	  
•  QuanAficaAon	  
and	  analysis	  

S.	  Pepke	  et	  al.,	  2009	  



RNA-‐Seq	  Data	  
•  Next	  Genera:on	  Sequencing	  (e.g.	  HiSeq2000	  from	  
Illumina)	  

•  8	  lanes	  /	  samples	  per	  flow	  cell	  run,	  ~$120	  per	  lane	  
•  Tens	  of	  millions	  of	  short	  sequence	  single-‐end	  /	  
paired-‐end	  reads	  (e.g.	  50	  nt),	  a	  few	  Gb	  bases	  

•  Reads	  format:	  fastq	  (sequence	  +	  quality	  scores)	  



Reads	  Mapping	  and	  Assembly	  

•  Directly	  map	  reads	  to	  
reference	  genome	  

•  Align	  map	  assembled	  
reads	  to	  genome	  

•  Unique	  mapping	  versus	  
non-‐unique	  mapping	  

•  Support	  spliQng	  reads	  
mapped	  to	  spliced	  exons	  

•  ToleraAon	  of	  sequence	  
variaAon	  and	  noise	  

Hass	  &	  Zody,	  2010	  



Mapping	  Strategy	  

V.	  Costa,	  2010	  



L.	  Ponnala,	  2010	  

A	  Mapping	  Tool	  -‐	  Tophat	  



VisualizaAon	  in	  Genome	  Browser	  

V.	  Costa,	  2010	  



Other	  RNA-‐Seq	  Mapping	  Tools	  

Shendure	  &	  Ji,	  2008	  



Construct	  Expression	  Profiles	  

•  Calculate	  the	  number	  of	  reads	  mapped	  to	  each	  
gene	  	  

•  Normalize	  the	  number	  into	  a	  quan:ta:ve	  
expression	  value	  –	  copies	  of	  the	  expressed	  gene	  

•  RPKM:	  reads	  per	  kilobase	  per	  million	  reads	  



L.	  Ponnala,	  2010	  

A	  NormalizaAon	  Example	  



IdenAfy	  DifferenAally	  Expressed	  
Genes	  

•  T-‐test	  
•  Poisson	  distribu:on	  
•  Nega:ve	  binomial	  distribu:on	  



Tools	  for	  DifferenAally	  Expression	  
Analysis	  
•  Bio-‐conductor	  (t-‐test)	  
•  edgeR	  (Poisson	  distribu:on;	  Robinson	  et	  al.,	  
2009)	  

•  DEGseq	  (nega:ve	  binomial	  distribu:on;	  Wang	  
et	  al.,	  2009)	  



V.	  Costa,	  2010	  



Generate	  Modules	  of	  Co-‐Expressed	  
Genes	  
•  K-‐means	  clustering	  
•  Expecta:on-‐
Maximiza:on	  clustering	  

•  Hierarchical	  clustering	  

hfps://intramural.nhlbi.nih.gov/
Offices/OCD/CSRP/Pages/
ImageGallery.aspx	  



Gene	  FuncAon	  AnnotaAon	  and	  
Enrichment	  Test	  
•  MULTICOM	  protein	  func:on	  predic:on	  
pipeline	  based	  on	  UniProt	  and	  Gene	  
Ontology	  	  (Wang	  and	  Cheng,	  2011)	  

•  Gene	  func:on	  enrichment	  test	  
(hypergeometric	  distribu:on,	  chi-‐square	  test)	  



V.	  Costa,	  2010	  

FuncAon	  AnnotaAon	  



Construct	  Gene	  Regulatory	  Networks	  

J.	  Li	  et	  al.,	  2011	  

Genes	  

CondiAons	  

TranscripAon	  
factors	  



Infer	  Signal	  TransducAon	  and	  
Metabolic	  Pathways	  

Sulfur	  Metabolism:	  ReducAon	  and	  FixaAon	  
C.	  Nguyen,	  2011	  



Integrate	  RNA-‐Seq	  Data	  with	  other	  
Data	  
•  Protein	  sequence,	  func:on	  and	  structure	  data	  
•  Genomic	  data	  
•  Chip-‐Seq	  data	  
•  Proteomics	  data	  
•  Protein-‐protein,	  protein-‐ligand	  interac:on	  
data	  

•  Microarray	  data	  


