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Outline	  

•  Epigene6cs	  	  
•  DNA	  methyla6on	  
•  Methyla6on	  Assays	  
•  Illumina	  Bead	  Arrays	  
•  TCGA	  methyla6on	  data	  –	  query	  data,	  
downloading	  data	  

•  Analysis	  



What	  is	  Epigene-cs?	  

•  The	  modern	  defini6on	  of	  epigene6cs	  is	  
modifica6ons	  of	  the	  DNA	  or	  associated	  proteins,	  
other	  than	  DNA	  sequence	  varia6on,	  that	  carry	  
informa6on	  content	  during	  cell	  division.	  

•  A	  heritable	  modifica6on	  in	  gene	  func6on	  or	  
ac6vity	  

•  Epigene6c	  processes	  are	  gene6c	  modifica6ons	  
that	  affect	  gene	  regula6on	  by	  changing	  
chroma6n	  conforma6on	  
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Epigenetic Code 

DNA	  Methyla-on	  

Histone	  
Modifica-ons	  

Three	  Main	  
Components	  

Non-‐coding	  RNA	  
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DNA	  Methyla6on	  

• 	  	  	  Covalent	  addi6on	  of	  a	  methyl	  (CH3)	  group	  to	  5’	  posi6on	  of	  
cytosines	  in	  CpG	  dinucleo6des	  

• 	  	  	  Reac6on	  is	  catalyzed	  by	  DNA	  methyltransferases	  (DNMT)	  

• 	  	  	  In	  mammals,	  70-‐80%	  of	  all	  CpG	  dinucleo6des	  are	  methylated	  
	  -‐most	  of	  this	  occurs	  in	  repe66ve	  elements	  or	  regions	  of	  low	  CpG	  

density	  
	  
• 	  	  	  CpG	  rich	  regions	  (CpG	  Islands):	  

	  -‐o\en	  found	  in	  gene	  promoters	  ‘generally’	  unmethylated	  
(usual	  formal	  defini6on	  of	  a	  CpG	  island	  is	  a	  region	  with	  at	  least	  200	  bp	  and	  with	  a	  GC	  
percentage	  that	  is	  greater	  than	  50%	  and	  with	  an	  observed/expected	  CpG	  ra6o	  that	  is	  
greater	  than	  60%)	  
	  
	   Confiden6al	   5	  



DNA	  Methyla6on	  
	  
• 	  	  	  ~45	  000	  CpG	  islands	  -‐	  50-‐60%	  of	  these	  are	  within	  promoter	  regions	  
	  
• 	  	  	  CpG	  islands	  are	  primarily	  	  unmethylated	  in	  normal	  6ssue	  

• 	  	  	  Methyla6on	  of	  CpG	  islands	  is	  associated	  with	  delayed	  replica6on,	  
	  	  	  	  condensed	  chroma6n	  and	  inhibi6on	  of	  transcrip6on	  	  
	  
• 	  	  	  Cri6cal	  for	  normal	  development,	  gene	  expression	  and	  genomic	  	  
	  	  	  	  	  instability	  
	  
• 	  	  	  Aberrant	  methyla6on	  is	  a	  common	  feature	  of	  cancer	  	  
	  	  	  	  (e.g.	  hypermethyla6on	  of	  tumor	  suppressor	  genes)	  



High-‐throughput	  DNA	  Methyla-on	  
PlaBorms	  

taken from Gupta et. al. Biotechniques Oct 2010  



1)  Sample	  quan6ty	  	  
Low	  amounts	  of	  input	  DNA	  
2)	  Sample	  quality	  
3)	  Sample	  throughput	  
96-‐well	  formats	  
4)	  Gene	  throughput	  
genome	  wide	  analysis	  
5)	  Avoid	  regional	  bias	  
6)	  Work	  flow	  
7)	  Cost	  
	  
	  

Requirements	  for	  Assay	  Selec-on	  
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taken from Gupta et. al. Biotechniques Oct 2010  

High-‐throughput	  DNA	  Methyla-on	  
PlaBorms	  
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www.illumina.com 

Bisulfite Conversion 

Epigenetic code   Genetic code   

1)  Denature 
2)  Sulphonate 
3)  Deaminate 
4)  Desulphonate 
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A	  high-‐throughput	  single	  nucleo6de	  polymorphism	  (SNP)	  
genotyping	  system,	  was	  adapted	  for	  DNA	  methyla6on	  detec6on	  
to	  iden6fy	  bisulfite-‐converted	  genomic	  DNA	  

Illumina	  Bead	  Array	  Assay	  for	  
Methyla6on	  



Illumina	  Methyla-on	  PlaBorms	  for	  DNA	  
Methyla-on	  

•  GoldenGate	  –	  ~1536	  CpG	  loci	  
	  
•  HumanMethyla6on27	  BeadChip	  -‐	  ~27	  500	  CpG	  
loci	  

•  450K	  Infinium	  Methyla6on	  BeadChip	  -‐	  ~450K	  
CpG	  loci	  
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•  27,	  578	  CpG	  sites	  
•  14,475	  consensus	  coding	  sequencing	  (CCDS)	  in	  the	  NCBI	  

Database	  (Genome	  Build	  36).	  
•  110	  miRNA	  promoters	  
•  144	  Methyla6on	  hotspots	  and	  982	  cancer-‐related	  genes	  
•  2-‐8	  CpGs	  per	  target	  
•  single	  CpG-‐site	  resolu6on,	  higher	  sample	  throughput	  (up	  to	  

12	  samples	  per	  array),	  	  
•  requires	  as	  lijle	  as	  500	  ng	  of	  bisulfite-‐converted	  DNA	  per	  

sample.	  	  

HumanMethyla6on27	  BeadChip	  Kit	  



•  >485	  000	  methyla6on	  sites	  
•  covering	  99%	  of	  RefSeq	  genes	  
•  >90%	  common	  with	  HM27K	  
•  	  96%	  of	  CpG	  islands	  and	  with	  an	  average	  of	  17	  CpG	  
sites	  per	  gene	  

•  	  Sites	  are	  distributed	  across	  promoter,	  5’UTR,	  	  first	  
exon,	  gene	  body	  and	  3’UTR.	  	  

HumanMethyla-on450K	  BeadChip	  Kit	  



HumanMethyla-on450K	  BeadChip	  Kit	  

•  CpG	  islands	  and	  shores	  
•  CpG	  sites	  outside	  of	  CpG	  islands	  
•  Non-‐CpG	  methylated	  sites	  iden6fied	  in	  human	  stem	  

cells	  
•  Differen6ally	  methylated	  sites	  iden6fied	  in	  tumor	  

versus	  normal	  (mul6ple	  forms	  of	  cancer)	  and	  across	  
several	  6ssue	  types	  

•  CpG	  islands	  outside	  of	  coding	  regions	  
•  miRNA	  promoter	  regions	  
•  Disease-‐associated	  regions	  iden6fied	  through	  GWAS	  







HM27K	  
&	  
HM450K	  

HM450K	  



HM27K	  
&	  
HM450K	  

HM450K	  





	  
•  BeadArrays	  are	  scanned	  using	  the	  Illumina	  iScan	  
technology,	  and	  the	  raw	  data	  are	  extracted	  using	  the	  
R-‐based	  methylumi	  package25	  to	  calculate	  the	  beta	  
value	  DNA	  methyla6on	  score	  for	  each	  probe	  and	  
sample.	  	  

(can	  also	  use	  GenomeStudio	  So\ware,	  Illumina)	  
•  The	  level	  of	  DNA	  methyla6on	  at	  each	  CpG	  locus	  is	  
scored	  as	  beta	  (β)	  value	  calculated	  as	  (M/(M+U)),	  
ranging	  from	  0	  to	  1,	  with	  values	  close	  to	  0	  indica6ng	  
low	  levels	  of	  DNA	  methyla6on	  and	  beta	  values	  close	  to	  
1	  indica6ng	  high	  levels	  of	  DNA	  methyla6on.	  	  



Website:	  hjp://cancergenome.nih.gov/	  









hjps://tcga-‐data.nci.nih.gov/tcga/	  
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Level	  3	  Methyla6on	  Data	  



Meaning	  of	  “NA”	  
•  Level	  2:	  P	  values	  >0.05	  were	  not	  considered	  to	  be	  significantly	  

different	  from	  background	  

•  	  Level	  3:	  	  	  
1)	  contain	  known	  single	  nucleo6de	  polymorphisms	  (SNPs)	  a\er	  
comparison	  to	  the	  dbSNP	  database	  (Build	  130),	  	  
	  	  2)	  contain	  repe66ve	  sequence	  elements	  that	  cover	  the	  targeted	  CpG	  
locus	  in	  each	  50	  bp	  probe	  sequence	  
	  3)	  are	  not	  uniquely	  aligned	  to	  the	  human	  genome	  (NCBI	  build	  36.1)	  at	  
20	  nucleo6des	  at	  the	  3’	  terminus	  of	  the	  probe	  sequence	  
	  4)	  span	  known	  regions	  of	  small	  inser6ons	  and	  dele6ons	  (indels)	  in	  the	  
human	  genome	  (dbSNP	  build	  130).	  	  
5)	  450K	  probes	  that	  are	  annotated	  as	  having	  a	  SNP	  within	  10	  base	  
pairs	  of	  the	  interrogated	  locus	  (HM27	  carryover	  or	  recently	  
discovered,	  dbSNP	  build	  131)	  	  



Methyla-on	  Analysis	  

•  Differen6ally	  methylated	  locus	  (DML)	  =	  a	  locus	  
that	  differed	  by	  more	  than	  20%	  when	  
compared	  to	  normal	  samples	  and	  survived	  
sta6s6cal	  significance	  (p<0.05)	  -‐	  Delta	  beta	  
value	  

•  Distribu6on	  
•  Clustering	  
•  Regional	  	  
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Calcula6ng	  Delta	  Beta	  
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Genic	  Hypomethyla-on	  occurs	  during	  
progression	  to	  MM	  
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tumor	   NB	  



Prac6cal	  

•  Navigate	  TCGA	  home	  page	  and	  access	  portal	  
•  Query	  Data	  
•  Download	  Data	  
	  



bsalhia@tgen.org	  


