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Microarray	
  

Thousands of probe molecules at high-
density onto a solid surface and use them to 
measure  the amount of complementary 
molecules  in complex mixtures  

  DNA	
  molecules,	
  oligonucleo�des	
  
  Proteins	
  
  Pep�des	
  
  An�bodies	
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Oligonucleo�de	
  in	
  situ	
  synthesis	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

Photolithography	
   Inkjet	
  

Oligonucleo�de	
  coted	
  beads	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

  Gene	
  expression	
  
  DNA	
  methyla�on	
  
  Genotyping	
  
  DNA	
  copy	
  number	
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Single	
  channel	
  hybridisa�ons	
  

RNA	
  	
  
Sample	
  

Sample	
  
cDNA	
  

Reverse	
  
transcrip�on	
  

Sample	
  
cRNA	
  

Transcrip�on	
  and	
  
labelling	
  	
  (IVT)	
  

Hybridisa�on	
  
Sample	
  cRNA	
  

Oligonucleo�de	
  
microarray	
  

  	
  One	
  sample	
  per	
  array	
  
  	
  Labelled	
  with	
  Cy3	
  or	
  bio�n	
  
  	
  Flexible	
  research	
  design	
  

Types	
  of	
  arrays	
  
cDNA	
  arrays	
  (cloned	
  “mRNA	
  fragments”)	
  

  Expression	
  analysis	
  
  Gene	
  copy	
  number	
  analysis	
  

Oligonucleo�de	
  arrays	
  (synthe�c	
  DNA)	
  
  Sequence	
  (muta�on)	
  analysis	
  
  Expression	
  analysis	
  
  Gene	
  copy	
  number	
  
  Epigene�cs	
  

Genomic	
  arrays	
  (fragments	
  of	
  chromosomes)	
  
  Gene	
  copy	
  number	
  analysis	
  
  Epigene�cs	
  

Protein	
  arrays	
  (an�gens,	
  an�bodies,	
  etc.)	
  
  Protein	
  interac�ons	
  (also	
  with	
  DNA,	
  small	
  molecules	
  etc.)	
  

Today	
  mainly	
  using	
  commercial	
  	
  
olinucleo�de	
  arrays	
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Which	
  pla�orm	
  to	
  use?	
  

 	
  Organism	
  
 	
  Budget	
  
 	
  Amount	
  of	
  total	
  RNA	
  
 	
  Number	
  of	
  samples	
  
 	
  Flexibility	
  of	
  the	
  pla�orm	
  
 Custom	
  
 Different	
  levels	
  of	
  informa�on	
  

Experimental	
  
Pipeline	
  

Biological	
  
Ques�on	
  

Experimen-­‐
tal	
  Design	
  

Samples	
  
QC	
  	
  

Microarray	
  
Experiment	
  

Data	
  QC	
  

Data	
  
Preproce-­‐
ssing	
  

Sta�s�cal	
  
Analysis	
  

Biological	
  
Interpreta-­‐

�on/
Verifica�on	
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Microarray	
  experiment	
  

Laser	
  scanning	
   Image	
  acquisi�on	
  

Signal	
  intensity	
  
	
  
	
  

Amount	
  of	
  mRNA	
  

(h�p://www.illumina.com)	
  

Dataset	
  

(Quackenbush,	
  NEJM,	
  2006)	
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Unsupervised	
  Analysis	
  
Hierarchical	
  clustering	
  
Group	
  samples	
  and	
  genes	
  based	
  on	
  similarity	
  

(h�p://rana.lbl.gov/EisenSo�ware.htm)	
  

Samples	
  

Ge
ne
s	
  

Group	
  genes	
  

Group	
  samples	
  

Gene	
  cluster	
  

Sample	
  cluster	
  

Applica�on	
  of	
  expression	
  microarrays	
  

Experimental	
  studies	
  (Biological	
  effects)	
  
  Genes	
  affected	
  by	
  a	
  treatment	
  	
  

  	
  Chemical	
  or	
  physical,	
  gene	
  transfec�on,	
  siRNA,	
  etc.	
  
  Time	
  series	
  response	
  

Clinical	
  studies	
  
Pa�erns	
  of	
  gene	
  ac�vity	
  
  Suggest	
  a	
  certain	
  treatment	
  regimen	
  
  Response	
  to	
  a	
  given	
  treatment	
  	
  
  Drug	
  resistance	
  	
  
Iden�fica�on	
  of	
  novel	
  candidate	
  genes	
  
  Biomarkers	
  
  Target	
  for	
  therapy	
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CLL	
  

FL	
  

DL-­‐	
  
BCL	
  

Signatures	
  

Characteris�c	
  for	
  B	
  cell	
  lineage	
  

Follicular	
  lymphomas	
  
represent	
  a	
  dis�nct	
  B-­‐cell	
  
differen�a�on	
  stage	
  

Slow	
  growth,	
  i.e.	
  not	
  aggressive	
  	
  
tumors	
  

Lymph	
  node	
  specific	
  genes:	
  
Markers	
  for	
  monocytes,	
  
macrophages	
  and	
  NK-­‐genes	
  (CD14,	
  
CD105),	
  plus	
  ECM-­‐genes	
  (MMP9,	
  
TIMP-­‐3)	
  

Expression	
  profiling	
  lymphomas	
  

Alizadeh	
  et	
  al.	
  Nature	
  2000	
  
DL-­‐BCL:	
  Diffuse	
  Large	
  B-­‐Cell	
  Lymphoma	
  
FL:	
  Follicular	
  Lymphoma	
  
CLL:	
  Chronic	
  Lymphocy�c	
  Leukaemia	
  

Alizadeh	
  et	
  al.	
  Nature	
  2000	
  

Expression	
  profiling	
  lymphomas	
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15 

Supervised	
  analysis	
  
Differen�ally	
  expressed	
  genes	
  

  Aim:	
  Find	
  differen�ally	
  expressed	
  genes	
  between	
  
two	
  groups	
  	
  
  Groups:	
  Different	
  treatment,	
  �me	
  points,	
  phenotypes,	
  etc.	
  

  What	
  is	
  differen�al	
  expression?	
  
  Measurements	
  before	
  (1.5,	
  0.8,	
  1.2)	
  and	
  a�er	
  (2.1,	
  1.7,	
  
1.5)	
  treatment	
  
  Are	
  the	
  groups	
  sta�s�cally	
  different?	
  

  Requires	
  a	
  model	
  to	
  help	
  es�mate	
  this	
  difference	
  
  i.e.	
  T-­‐sta�s�cs,	
  modify	
  for	
  mul�ple	
  tes�ng	
  

Average	
  control	
  
group	
  

Average	
  treated	
  	
  
group	
  

Breast	
  cancer	
  

Van’t	
  Veer	
  et	
  al.,	
  Nature,	
  2002)	
  

Supervised	
  classifica�on	
  
Two	
  groups	
  
• With	
  metastasis	
  
• Without	
  metastasis	
  

	
  
	
  
Which	
  genes	
  can	
  
differen�ate	
  these	
  
groups?	
  
  70	
  genes	
  
  Poor	
  prognosis	
  signature	
  

Po
or
	
  p
ro
gn
os
�c
	
  si
gn
at
ur
e	
  

G
oo
d	
  
pr
og
no
s�
c	
  
si
gn
at
ur
e	
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Clinical	
  applica�ons	
  

Buyse	
  et	
  al.,	
  JNCI,	
  2006	
  h�p://www.agendia.com	
  

Early	
  detec�on	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

Alzheimer	
  Disease	
  early	
  detec�on	
  
ADtect®	
  is	
  a	
  blood	
  test	
  to	
  aid	
  in	
  the	
  early	
  detec�on	
  of	
  
Alzheimer's	
  disease.	
  Detects	
  changes	
  in	
  the	
  gene	
  ac�vity	
  of	
  
96	
  genes.	
  These	
  changes	
  are	
  disease	
  specific.	
  

Rye	
  PD	
  et	
  al,	
  J	
  Alzheimers	
  Dis.	
  2011	
  

Breast	
  Cancer	
  early	
  detec�on	
  
BCtect®	
  is	
  a	
  blood	
  test	
  to	
  aid	
  in	
  the	
  early	
  detec�on	
  of	
  breast	
  
cancer.	
  Detects	
  changes	
  in	
  the	
  gene	
  ac�vity	
  of	
  96	
  genes.	
  
These	
  changes	
  are	
  disease	
  specific	
  and	
  BCtect®	
  is	
  able	
  to	
  
detect	
  early	
  stage	
  breast	
  cancer.	
  
	
   Aarøe	
  J	
  et	
  al,	
  Breast	
  Cancer	
  Res.	
  2010	
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Gene	
  signatures	
  

Informa�on	
  
  Molecular	
  mechanisms	
  involved	
  in	
  physiologic	
  
or	
  pathologic	
  processes	
  

Iden�fica�on	
  
  New	
  genes	
  involved	
  in	
  a	
  pathway	
  or	
  disease	
  
  Poten�al	
  therapeu�c	
  targets	
  
  Biomarker	
  

Classifica�on	
  
  New	
  biological	
  subgroups	
  
  Stra�fica�on	
  of	
  samples	
  or	
  pa�ents	
  

Genomic	
  Microarrays	
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Genomic	
  microarrays	
  

Genomic	
  representa�on	
  in	
  an	
  array	
  format	
  

Prin�ng	
  genomic	
  DNA	
  
  PAC	
  or	
  BAC	
  DNA	
  
  cDNAs	
  
  Oligonucleo�des	
  (long	
  and	
  SNP)	
  

Measure	
  copy	
  number	
  aberra�ons	
  
  Gene	
  amplifica�on	
  
  Dele�ons	
  
  Copy	
  number	
  varia�on	
  (CNV)	
  

Array	
  Compara�ve	
  Genomic	
  Hybridisa�on	
  	
  

DNA	
  labelled	
  by	
  
random	
  priming	
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Iden�fying	
  candidate	
  cancer	
  genes	
  
MS8x	
  

Tumour	
  classifica�on	
  

	
  	
  	
  	
  	
  	
  	
  Sarcomas	
  (so�	
  �ssue	
  tumours)	
  
  Leiomyosarcomas	
  
  Gastrointes�nal	
  stromal	
  tumours	
  

Meza-­‐Zepeda	
  et	
  al.,	
  Cancer	
  Res,	
  2006	
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High-­‐Density	
  Genotyping	
  Microarrays	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

DNA	
  copy	
  number	
  

Genotype	
  

+2	
  
+1	
  

AA	
  

AB	
  

BB	
  

AAB	
  

ABB	
  

BBB	
  

AAA	
  

Affymetrix	
  SNP6	
  
1	
  M	
  SNP	
  probes	
  
0.8	
  M	
  CNV	
  probes	
  
DNA	
  copy	
  number	
  &	
  Genotype	
  

-­‐2	
  

Cons�tu�onal	
  gene�c	
  disorders	
  

  Segmental	
  duplica�ons	
  or	
  dele�ons	
  
  DiGeorge	
  syndrome	
  (22q11.2	
  dele�on)	
  
  ...	
  

  Chromosomal	
  regions	
  
  Down’s	
  syndrome	
  (trisomy	
  21)	
  
  ...	
  

Emanuel	
  &	
  Sai�a,	
  Nat	
  Rev	
  Genet,	
  2007	
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Other	
  applica�ons	
  

CpG	
  Island	
  Methyla�on	
  

Genome-­‐wide	
  methyla�on	
  maps	
  
Gene	
  silencing	
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Bisulfite	
  Conversion	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

Unmethylated	
  	
   Methylated	
  	
  

Bisulfite	
  	
  
Conversion	
  

Methylated	
  cytosines	
  remains	
  a	
  cytosines	
  
Unmethylated	
  cytosines	
  convert	
  to	
  uracils	
  

Illumina	
  Infinium	
  Technology	
  

The	
  Norwegian	
  Radium	
  Hospital	
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Methyla�on	
  and	
  gene	
  expression	
  

Osteosarcomas	
   Bone	
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  methyla�on	
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HSPA2	
  methyla�on	
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  0.91	
  

DNA	
  methyla�on	
  fingerprint	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

Fernandez A F et al. Genome Res. 2012 
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miRNAs	
  

miRNAs	
  
•  Non-­‐coding	
  RNAs	
  which	
  regulate	
  gene	
  

expression	
  
•  20-­‐22	
  bp	
  
•  Involved	
  in	
  various	
  biological	
  

processes,	
  e.g.	
  development,	
  
differen�a�on,	
  apoptosis	
  and	
  
prolifera�on	
  

•  	
  Acts	
  by	
  transla�onal	
  inhibi�on	
  or	
  
mRNA	
  degrada�on	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

miRNAs	
  expression	
  

The	
  Norwegian	
  Radium	
  Hospital	
  

miR-­‐29a/b	
  
miR-­‐103/107	
  
miR-­‐130/301	
  
miR-­‐17-­‐92	
  
miR-­‐106b-­‐25	
  
	
  
miR-­‐134	
  	
  
miR-­‐133a/b	
  
miR-­‐451,	
  miR-­‐195	
  
	
  
	
  
	
  
	
  
miR-­‐1/miR-­‐206	
  
miR-­‐363	
  
miR-­‐451,	
  miR-­‐144	
  

Heidi	
  Namløs	
  et	
  al	
  

miR-­‐335	
  methyla�on	
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  Osteosarcomas	
  



18 

Systems	
  Biology	
  

SNP	
  

Transcrip�on	
   CNV	
  

Epigene�cs	
  
 	
  DNA	
  methyla�on	
  
 	
  Chroma�n	
  structure	
  

Genome	
  Structure	
  
 	
  DNA	
  copy	
  number	
  changes	
  

Genome	
  Varia�on	
  
 	
  SNP	
  
 	
  Copy	
  number	
  varia�on	
  

Transcriptome	
  
 	
  mRNA	
  expression	
  
 	
  miRNA	
  expression	
  
 	
  Splice	
  variance	
  

Proteome	
  
 	
  Protein-­‐Protein	
  interac�ons	
  
 	
  DNA-­‐protein	
  interac�on	
  


