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Scope	  

•  To	  get	  non-‐biologists	  acquainted	  with	  
genomics	  data.	  

•  To	  give	  a	  quick	  overview	  of	  some	  common	  
types	  of	  ques5ons	  asked	  in	  genomics.	  

•  To	  show	  some	  simple	  R	  examples	  related	  to	  
those	  ques5ons.	  



DNA	  



Genomics	  crash	  course	  

(compbio.pbworks.com)	  



(Crick	  ,	  1956)	  



Genomics	  data	  -‐	  DNA	  

•  Sequence	  data,	  over	  the	  aphabet	  [ACGT]:	  
– 
...CCTCCGCCCGCCGCCCCGGCCGCGTCGGGTAAACC
TGTTTGGCGAGGCGGCCGCGCCGGGGCGGATCGTG
CGGCCGGCGGCTCCCTCGCGGCTCGCGGCGTCGGG
GCCCGTGGCGCGCGCGCGGCCGCCCCTCGGCCCCG
GAGCCCCTCGGCGGCGCCACCATGTACTCGGGAGCC
GGCCCCGGTGAGTCCTGGCGCTCG...	  



Genomics	  data	  -‐	  RNA	  
•  Sequence	  data	  like	  DNA,	  but	  
– The	  same	  DNA	  region	  can	  produce	  many	  copies	  of	  
an	  RNA	  molecule,	  so	  RNA	  can	  be	  quan5fied:	  

– RNA	  molecules	  are	  oZen	  spliced:	  



Genomics	  data	  –	  Genome	  annota5ons	  
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Next	  genera5on	  sequencing	  
•  Next	  genera5on	  sequencing	  is	  the	  
general	  name	  used	  for	  the	  methods	  
used	  today	  to	  read	  DNA.	  

•  A	  single	  run	  produces	  hundreds	  of	  
millions	  of	  short	  (around	  100	  
nucleo5des)	  DNA	  fragments,	  called	  
“reads”.	  

•  RNA	  can	  be	  converted	  to	  DNA,	  so	  
these	  machines	  can	  be	  used	  to	  read	  
RNA	  too.	  



Common	  ques5ons	  in	  genomics	  
studies	  

•  Does	  a	  specific	  gene	  contain	  any	  interes5ng	  
muta5ons?	  

	  
•  What	  genes	  are	  ac5ve	  (i.e.	  what	  RNA	  is	  
present)	  at	  different	  stages	  of	  development?	  

•  Can	  we	  use	  gene	  ac5vity	  (=RNA	  levels)	  to	  
predict	  a	  pa5ents	  repsonse	  to	  a	  drug?	  	  



Simple	  example	  analysis	  of	  genomic	  
features	  

•  Download	  public	  data	  on	  genes	  and	  muta5ons,	  
and	  load	  into	  R.	  

•  Get	  muta5ons	  within	  a	  specific	  gene.	  

•  Plot.	  

•  Useful	  packages	  are:	  GenomicRanges,	  
rtracklayer,	  Gviz	  



Quan5ta5ve	  data	  
•  By	  coun5ng	  the	  sequenced	  reads,	  we	  can	  obtain	  
quan5ta5ve	  measurements	  of	  gene	  expression	  (RNA	  
levels	  for	  each	  gene).	  

	  

•  This	  makes	  it	  possible	  to	  look	  at	  differences	  in	  gene	  
expression,	  e.g.	  between	  sick	  and	  healthy	  people,	  
between	  5ssues,	  or	  due	  to	  s5muli	  (stress,	  drug	  
treatment,	  exercise,	  hunger,	  ..)	  

(Schubert	  et	  al,	  2014,	  Blood)	  



RNA-‐seq	  data	  matrix	  
•  Genes	  are	  rows,	  experiments	  are	  columns	  

Sample	  1	   Sample	  2	   …	   …	   Sample	  M	  

Gene	  1	  

Gene	  2	  

…	  

exp(g,s)	  

…	  

Gene	  N	  



Exploratory	  data	  analysis	  example	  

•  Principal	  Component	  Analysis	  

•  Clustering	  

•  Useful	  packages	  are:	  stats,	  
gplots,	  ggplot2	  

•  Here	  we	  look	  at	  public	  RNA	  data	  
from	  the	  fruit	  fly	  Drosophila	  
melanogaster.	  



Predic5on	  using	  RNA-‐seq	  data?	  

•  Another	  common	  applica5on	  is	  to	  use	  gene	  
expression	  data	  for	  predic5on,	  e.g.	  	  
– Gene	  expression	  profile	  -‐>	  disease	  subtype	  	  
– Gene	  expression	  profile	  -‐>	  response	  to	  drug	  

•  Many	  standard	  machine	  learning	  methods	  are	  
used	  for	  this,	  e.g.	  SVMs,	  Random	  Forests,	  k-‐
nearest	  neighbors,	  …	  



Resources	  
•  Bioconductor	  (hlp://www.bioconductor.org)	  
–  Interfaces	  to	  public	  databases	  –	  biomaRt,	  GenomicFeatures	  
– Gene	  annota5ons	  
– Methods	  for	  working	  with	  common	  file	  formats	  (e.g.	  bam	  
files,	  bed	  files,	  gn	  files)	  –	  tracklayer,	  Rsamtools	  

–  String	  methods	  for	  working	  with	  sequence	  data	  (finding	  
substrings	  etc.)	  –	  DNAString,	  biostrings	  

– Methods	  for	  differen5al	  expression	  –	  DESeq2,	  edgeR	  
–  Tutorials	  and	  examples	  
– Many	  other	  things	  



The end 


