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Outline	  
•  Why	  do	  we	  want	  to	  iden:fy	  poten:al	  regulatory	  elements?	  
•  What	  are	  regulatory	  elements?	  
•  Tools/resources	  for	  annota:on	  of	  your	  data	  



Rationale	  
•  Why	  do	  we	  want	  to	  iden:fy	  poten:al	  regulatory	  elements?	  
•  Much	  of	  the	  focus	  of	  Genome	  Wide	  Associa:on	  Analyses	  (GWAS)	  
analyses	  have	  been	  on	  protein	  coding	  regions	  
•  The	  idea	  “iden:fy	  the	  genes	  SNPs	  are	  in	  or	  near”	  
•  Surely	  significant	  associa:ons	  are	  due	  to	  modifica:on	  of	  
proteins	  affec:ng	  phenotypes?	  



Rationale	  
	  
•  NHGRI	  GWAS	  catalog	  keeps	  a	  record	  of	  highly	  sta:s:cally	  
significant	  GWAS	  associa:ons	  
•  Out	  of	  8455	  GWAS	  associa:ons	  repor:ng	  SNPs	  within	  
genes	  
•  438	  results	  were	  not	  within	  genes	  	  

•  A	  total	  of	  6606	  GWAS	  catalog	  records	  that	  reported	  an	  upstream	  
gene,	  6608	  records	  repor:ng	  a	  downstream	  gene	  

•  A	  large	  propor:on	  of	  SNPs	  reported	  to	  be	  upstream	  or	  
downstream	  of	  specific	  genes	  are	  not	  actually	  in	  linkage	  
disequilbrium	  (correlated)	  with	  SNPs	  within	  these	  reported	  genes	  
when	  using	  HapMap	  



Rationale	  
•  So	  via	  GWAS	  we	  keep	  finding	  SNPs	  that	  are	  not	  within	  genes,	  
or	  not	  correlated	  with	  SNPs	  within	  genes	  
•  Many	  of	  the	  GWAS	  SNPs	  are	  not	  non-‐synonymous,	  or	  are	  intronic	  
when	  they	  are	  in	  a	  gene	  

•  Time	  to	  look	  at	  other	  poten:al	  func:onality	  of	  gene:c	  varia:on	  

•  Areas	  of	  the	  genome	  once	  considered	  “deserts”	  are	  being	  
characterized	  at	  a	  fast	  rate	  



Rationale	  
•  For	  example	  
•  You	  have	  performed	  a	  GWAS	  
•  There	  are	  	  10	  SNPs	  of	  interest	  passing	  your	  p-‐value	  cutoff	  
•  Looks	  like	  3	  of	  the	  SNPs	  are	  within	  protein	  coding	  regions	  so	  you	  
looked	  up	  those	  genes	  and	  iden:fied	  possibly	  interes:ng	  
informa:on	  

•  What	  about	  the	  other	  7	  SNPs?	  
•  Is	  there	  evidence	  they	  DO	  something?	  

•  Or	  perhaps	  you	  have	  some	  low	  frequency	  variants	  you	  want	  
to	  explore…	  



Rationale	  
•  What	  about	  outside	  protein	  coding	  regions?	  

•  In	  gene	  transcrip:on,	  RNA	  polymerase	  binds	  upstream	  of	  a	  
gene	  to	  a	  promoter	  ini:ate	  transcrip:on	  
•  But	  the	  process	  of	  gene	  expression	  is	  very	  spa:ally	  and	  
temporally	  regulated	  
•  Changes	  from	  cell	  type	  to	  cell	  type	  
•  Many	  proteins	  involved	  

•  Considering	  more	  of	  the	  regula:on	  of	  transcrip:on	  when	  
evalua:ng	  gene:c	  variants	  for	  func:onality	  
•  Iden:fica:on	  of	  other	  biology	  associated	  with	  phenotypic	  traits	  
and	  outcomes	  	  
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Regulatory	  Regions	  
•  Promoter	  region	  (promoters)	  
•  Region	  of	  DNA	  before	  coding	  region	  
•  RNA	  polymerase	  II	  binds	  there	  
•  A	  series	  of	  general	  transcrip:on	  factors	  also	  bind	  

•  Including	  Transcrip:on	  Factor	  II	  D	  
•  Making	  up	  the	  RNA	  polymerase	  II	  pre-‐ini:a:ng	  complex	  	  

•  But	  other	  transcrip:on	  factors	  bind	  other	  places!	  

hbp://www.mun.ca/biology/desmid/brian/BIOL3530/DEVO_10/devo_10.html	  



Regulatory	  Elements	  
•  For	  transcrip:on	  the	  following	  are	  required	  
•  Transcrip:onal	  region	  

•  Where	  transcrip:on	  of	  gene	  takes	  place	  

•  Promoter	  region	  
•  Start	  of	  transcrip:on	  

•  Regulatory	  regions	  
•  That	  enable	  or	  inhibit	  transcrip:on	  

•  Proteins	  that	  bind	  to	  these	  promoters	  and	  regulatory	  regions	  
•  Transcrip:on	  Factors	  (TFs)	  

•  Access	  to	  the	  transcrip:onal	  AND	  regulatory	  region(s)	  

•  Gene$c	  varia$on	  can	  affect	  all	  of	  the	  above,	  causing	  changes	  in	  
proteins	  and/or	  the	  ability	  of	  proteins	  to	  bind	  to	  regions	  



Rationale	  
	  
•  DNA	  in	  the	  nucleus	  is	  three	  dimensional	  

•  Densely	  packed	  
•  Some	  regions	  closer	  to	  others	  
•  No	  knots	  

hbp://www.wired.com/2009/10/fractal-‐genome/	  Erez	  Lieberman	  Aiden	  



Transcription	  Factors	  
•  Transcrip:on	  factors	  (TFs)	  	  
•  Regulatory	  proteins	  

•  Ac:vate	  and	  some:mes	  inhibit	  transcrip:on	  of	  DNA	  by	  
binding	  to	  DNA	  sequences	  
•  There	  can	  be	  repressive	  TFs	  

•  TFs	  bind	  to	  highly	  conserved	  sequences	  
•  These	  sequences	  have	  been	  used	  to	  categorize	  TFs	  in	  to	  
“families”	  

•  TFs	  can	  also	  be	  classified	  by	  their	  3-‐D	  structure	  

•  Requires	  coordinated	  interac:ons	  of	  mul:ple	  proteins	  to	  
regulate	  gene	  expression	  



Enhancers	  
•  Enhancers	  are	  short	  regions	  of	  DNA	  (<	  10	  bp)	  
•  Bind	  TFs	  
•  May	  be	  several	  to	  MANY	  kb	  distant	  from	  the	  gene	  
•  DNA	  can	  be	  coiled	  	  so	  that	  enhancers	  interact	  to	  form	  a	  large	  
protein	  complex	  

•  Poten:ally	  increase	  concentra:on	  of	  ac:vators	  near	  promoter	  

Transcrip)onal	  enhancers:	  from	  proper)es	  to	  genome-‐wide	  predic)ons	  	  
Nature	  Reviews	  Gene:cs	  15,	  272-‐286	  doi:10.1038/nrg3682	  	  	  



Access	  to	  the	  Region	  
•  Transcrip:on	  factors	  can	  be	  present	  but	  no	  transcrip:on	  
•  TFs	  must	  reach	  their	  target	  sequences	  

•  DNA	  and	  histone	  proteins	  
•  Chroma:n	  state	  –	  DNA	  wound	  around	  histones	  (nucleosome)	  

•  Can	  limit	  access	  of	  transcrip:on	  factors	  and	  RNA	  polymerase	  to	  DNA	  
promoters	  

•  Ac:ve	  promoters	  and	  enhancers	  are	  characterized	  by	  deple:on	  
of	  nucleosomes	  	  

•  Inac:ve	  promoters	  and	  enhancers	  might	  be	  silenced	  by	  histone	  
marks	  or	  repressive	  TF	  binding	  

Transcrip)onal	  enhancers:	  from	  proper)es	  to	  genome-‐wide	  predic)ons	  	  
Nature	  Reviews	  Gene:cs	  15,	  272-‐286	  doi:10.1038/nrg3682	  	  	  

histone	  marks	  



Access	  to	  the	  Region	  

Transcrip)onal	  enhancers:	  from	  proper)es	  to	  genome-‐wide	  predic)ons	  	  
Nature	  Reviews	  Gene:cs	  15,	  272-‐286	  doi:10.1038/nrg3682	  	  	  

expression patterns that have been linked to specific 
enhancers9,10, the many disease-associated single-
nucleotide polymorphisms in non-coding regions of 
unknown function11 and the large number of genomic 
regions with enhancer-like chromatin features12,13. 
Moreover, enhancers and their activity states cannot be 
reliably predicted from their DNA sequences or from 
chromatin features, nor can the important parts of the 
sequence of an enhancer be easily identified, which 
precludes the prediction of functional consequences of 
mutations in these sequences.

In this Review, we describe how the known prop-
erties of enhancers are used by a range of methods to 
predict enhancers. Only in the past few years has the 
development of high-throughput sequencing tech-
nologies enabled genome-wide studies of enhancer-
associated chromatin features and enhancer activities. 
Furthermore, new methods to synthesize long DNA 
fragments or to manipulate genomes in vivo allow 
unprecedented functional tests to be carried out. We 
discuss the different methods and pay particular atten-
tion to the specific enhancer characteristics that form 

Figure 2 | Chromatin accessibility and histone marks at regulatory elements. a | Chromatin is shown as a 
‘gatekeeper’ for transcription factor (TF) binding and enhancer activity. Densely positioned nucleosomes can restrict 
access for transcription factors (both activators and repressors), CCCTC-binding factor (CTCF), RNA polymerase II 
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and mediate the identity of a region (for example, active enhancers, repressors or core promoters). The transition from 
‘open’ to ‘closed’ chromatin, and vice versa, is determined by regulatory proteins, including pioneer transcription 
factors. Insulator proteins (for example, CTCF) and other architectural proteins also bind to open regions, and they 
make up a substantial proportion of sites that are accessible across multiple cell types (for example, 10%73). b | Histones 
that flank active enhancers are often marked by histone H3 acetylated at lysine 27 (H3K27ac) and H3 monomethylated 
at lysine 4 (H3K4me1). c | Active promoters (depicted as Pol II bound) are flanked by nucleosomes with H3K27ac and 
H3K4me3 modifications. d | Some closed or poised enhancer regions can bear the active H3K4me1 and the repressive 
Polycomb protein-associated H3K27me3 marks. Interestingly, some of these elements can function as active enhancers 
in episomal assays or when integrated into the genome of a differentiated cell type72. e | Enhancers that are not yet 
active but that are primed for activation either at a later developmental time point or in response to external stimuli 
can be pre-marked by H3K4me1. f | Latent enhancers are located in closed chromatin and are not pre-marked by 
known histone modifications. However, in the presence of external stimuli the DNA becomes accessible, and flanking 
nucleosomes acquire H3K4me1 and H3K27ac marks.
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Modifica:ons	  on	  histones	  or	  
on	  DNA	  recruit	  proteins	  that	  
regulate	  chroma:n	  func:on	  

Histone	  Modifica:ons	  



SNPs	  Affecting	  Transcription	  
•  Gene:c	  varia:on	  can	  cause	  affects	  on	  transcrip:on	  mul:ple	  ways	  

	  

In	  pursuit	  of	  design	  principles	  of	  regulatory	  sequences	  
Nature	  reviews.	  Gene:cs,	  07/2014,	  Volume	  15,	  Issue	  7	  



Annotation	  
•  So	  there	  is	  a	  vast	  region	  to	  explore	  –	  the	  affect	  of	  gene:c	  varia:on	  
on	  transcrip:on	  

•  What	  are	  useful	  sources	  for	  iden:fying	  regulatory	  elements?	  

•  The	  GWAS	  example	  
•  You	  have	  performed	  a	  GWAS	  
•  There	  are	  	  10	  SNPs	  of	  interest	  passing	  your	  p-‐value	  cutoff	  
•  Looks	  like	  3	  of	  the	  SNPs	  are	  within	  protein	  coding	  regions	  so	  you	  
were	  able	  to	  look	  up	  those	  genes	  and	  iden:fy	  interes:ng	  features	  
•  But	  these	  SNPs	  don’t	  seem	  to	  cause	  a	  change	  in	  the	  protein?	  

•  What	  about	  the	  other7	  SNPs?	  
•  Is	  there	  evidence	  they	  DO	  something?	  

•  Is	  there	  evidence	  this	  SNP	  changes	  gene	  expression?	  



SCAN	  Database	  
•  eQTL	  experiment	  informa:on	  that	  can	  be	  used	  to	  annotate	  
SNPs	  

•  What	  is	  an	  eQTL?	  
•  Expression	  quan:ta:ve	  trait	  loci	  

•  Gene	  expression	  =	  rela:ve	  mRNA	  abundance	  
•  Can	  be	  measured	  and	  used	  like	  a	  phenotypic	  trait	  

•  The	  associa:on	  between	  SNP	  varia:on	  and	  gene	  expression	  
varia:on	  can	  be	  calculated	  
•  Also	  can	  evaluate	  Copy	  Number	  Variants	  (CNVs)	  

•  Some	  gene:c	  varia:on	  will	  have	  very	  sta:s:cally	  significant	  
associa:ons	  with	  changes	  in	  gene	  expression	  
	  



SCAN	  Database	  

•  Copy	  Number	  Variants	  (CNVs)	  
•  Sequences	  that	  differ	  in	  the	  total	  number	  of	  copies	  among	  
individuals	  

•  Can	  be	  duplica:ons	  or	  dele:ons	  
•  Can	  range	  in	  size	  from	  10Kb	  to	  1Mb	  

	  

Copy	  Number	  Varia:on	  and	  Human	  Disease	  	  
Nature	  Educa:on	  1(3):1	  



SCAN	  Database	  
•  Cis	  and	  Trans	  gene	  expression	  
•  Cis	  –	  the	  SNP	  changes	  the	  gene	  expression	  of	  the	  gene	  the	  SNP	  is	  
in	  
•  SNPs	  located	  near	  or	  within	  a	  gene	  

•  Trans	  –	  the	  SNP	  changes	  the	  gene	  expression	  of	  a	  different	  gene	  
•  Any	  other	  SNPs	  

Gene:cs	  of	  global	  gene	  expression	  
Nature	  Reviews	  Gene:cs	  7,	  862-‐872	  (November	  2006)	  



SCAN	  Database	  

•  eQTLs	  poten:ally	  more	  effec:ve	  than	  associa:ons	  with	  
complex	  traits	  
•  Gene	  expression	  is	  a	  complex	  trait	  
•  An	  intermediate	  phenotype	  between	  gene:c	  loci	  and	  higher	  level	  
cellular/clinical	  phenotypes	  
•  Disease	  risk	  
•  Drug	  response	  

	  

Trait-‐associated	  SNPs	  are	  more	  likely	  to	  be	  eQTLs:	  
annota:on	  to	  enhance	  discovery	  from	  GWAS	  
PLoS	  Genet.	  2010	  Apr	  1;6(4)	  



SCAN	  Database	  
•  Gene:c	  varia:on	  contributes	  a	  great	  deal	  to	  natural	  varia:on	  
in	  gene	  expression	  

•  SNPs	  associated	  with	  complex	  human	  traits	  included	  in	  the	  
NHGRI	  GWAS	  catalog	  are	  significantly	  enriched	  for	  eQTLs	  
iden:fied	  in	  lymphoblastoid	  cell	  lines	  (LCLs)	  

•  SNPs	  are	  enriched	  for	  “master	  regulators”	  
•  eQTLs	  that	  predict	  transcript	  levels	  of	  10	  more	  genes	  	  



SCAN	  Database	  
•  eQTL	  experiment	  informa:on	  
•  Used	  HapMap	  project	  data	  (hbp://www.hapmap.org/)	  
•  >	  3.1	  million	  SNPs	  
•  27	  lymphoblastoid	  cell	  lines	  (LCLs)	  from	  African,	  Asian	  and	  
European	  ancestry	  

	  



SCAN	  Database	  
•  eQTL	  experiments	  behind	  SCAN	  
•  Used	  QTDT	  (Quan:ta:ve	  Transmission	  Disequilbrium	  Test)	  

•  Relatedness	  of	  the	  individuals	  in	  each	  ancestry	  
•  Trios	  (parents	  and	  child)	  

•  13,000	  transcripts	  with	  consistent	  expression	  signal	  in	  at	  least	  
80%	  of	  the	  samples	  

•  2	  million	  common	  SNPs	  with	  minor	  allele	  frequency	  >	  5%	  
•  Stra:fied	  by	  ancestry	  
•  Lible	  men:on	  of	  how	  they	  calculated	  the	  CNV	  eQTL…	  

	  



!

SCAN	  
•  Can	  query	  SCAN	  with	  rsID	  
•  Remember	  that	  rsID’s	  for	  SNPs	  can	  be	  ambiguous!	  
•  Chromosome	  and	  base	  pair	  loca:on	  

•  Can	  include	  in	  output	  
•  Host	  gene	  

•  Genomic	  coordinates	  

•  SNP	  func:on	  
•  dbSNP’s	  classifica:on	  scheme	  
•  SNP	  represents	  coding	  change	  	  

•  Leu	  and	  right	  flanking	  genes	  
•  Can	  include	  P-‐value	  cutoff	  for	  eQTL	  of	  interest	  
•  Output	  format	  of	  choice	  
•  Note:	  can	  also	  explore	  Genes,	  SNPs,	  Regions,	  and	  LD	  
Annota:on	  
	  



!

SCAN	  
•  Ok,	  what	  if	  I	  give	  it	  my	  list	  of	  SNPs	  from	  
my	  GWAS?	  
	  



SCAN	  
•  HTML	  output	  an	  op:on	  
•  Text	  also	  possible	  
•  Ton	  of	  informa:on	  per	  SNP	  
•  SNP	  
•  Gene	  
•  Func:on	  
•  Minor	  allele	  frequency	  



SCAN	  
•  HTML	  output	  an	  op:on	  
•  Text	  also	  possible	  
•  Informa:on	  per	  SNP	  

TMEM145	  CEU	  5e-‐06:PDS5A	  CEU	  1e-‐05:ATP11B	  
CEU	  2e-‐05:SLC25A34	  CEU	  2e-‐05:DOCK7	  CEU	  
3e-‐05:FLJ45422	  CEU	  7e-‐05:SPEF1	  CEU	  
7e-‐05:ATP6	  CEU	  7e-‐05:ATP8	  CEU	  7e-‐05:COX3	  
CEU	  7e-‐05:LOC440552	  CEU	  7e-‐05:HLA-‐E	  CEU	  
8e-‐05:FLJ40125	  CEU	  9e-‐05:NISCH	  CEU	  
0.0001:RUSC1	  CEU	  0.0001:CETN3	  CEU	  
0.0001:RAP1GDS1	  CEU	  0.0001:C6orf54	  CEU	  
0.0001	  	  
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SCAN	  

!

•  Can	  also	  query	  a	  list	  of	  genes	  
•  Can	  include	  SNP	  allele	  frequency	  
•  Can	  choose	  popula:on	  

•  Can	  include	  SNPs	  outside	  of	  the	  genes	  
•  Will	  also	  receive	  informa:on	  about	  
expression	  CNVs	  



Exploring	  Results	  

•  So	  back	  to	  the	  10	  SNPs	  you	  have	  from	  a	  GWAS	  
•  You	  know	  that	  3	  are	  within	  protein	  coding	  regions	  
•  Using	  SCAN,	  you	  iden:fied	  that	  4	  of	  your	  SNPs	  seem	  to	  have	  
some	  impact	  on	  gene	  expression	  
•  Some	  cis,	  some	  trans	  
•  Some	  of	  the	  genes	  that	  show	  marked	  changes	  in	  gene	  expression	  are	  
interes:ng	  and	  related	  to	  your	  trait	  of	  interest	  (e.g.	  hypertension)	  

•  You	  have	  iden:fied	  some	  interes:ng	  pathways	  these	  genes	  are	  in	  

•  What	  about	  other	  evidence	  that	  the	  SNPs	  of	  your	  study	  impact	  
transcrip:on?	  

hbps://ritchielab.psu.edu/souware/biofilter-‐download	  



ENCODE	  
•  Encyclopedia	  of	  DNA	  Elements	  
•  Funded	  by	  the	  NHGRI	  
•  The	  goal:	  
•  Build	  a	  comprehensive	  parts	  list	  of	  the	  func:onal	  elements	  of	  the	  
human	  genome	  

•  Nearly	  99%	  of	  the	  ∼3.3	  billion	  nucleo:des	  that	  cons:tute	  the	  
human	  genome	  do	  not	  code	  for	  proteins	  	  
•  WHAT	  DO	  THEY	  DO???	  

•  ENCODE	  and	  GENCODE	  are	  iden:fying	  and	  characterizing	  this	  
“dark	  maber”	  

hbp://www.genome.gov/encode/	  



ENCODE	  
•  ENCODE	  
•  Iden:fying	  genomic	  sequences	  	  

•  From	  which	  short	  and	  long	  RNAs,	  both	  nuclear	  and	  
cytoplasmic,	  are	  transcribed	  

•  Occupied	  by	  sequence-‐specific	  transcrip:on	  factors,	  
cofactors,	  or	  chroma:n	  regulatory	  proteins	  

•  Organized	  in	  accessible	  chroma:n	  
•  Marked	  by	  DNA	  methyla:on	  or	  specific	  histone	  
modifica:ons	  

•  Physically	  brought	  together	  by	  long-‐range	  chromosomal	  
interac:ons.	  GENCODE:	  in	  humans	  and	  mice	  

hbp://www.genome.gov/encode/	  
hbp://www.gencodegenes.org/	  



ENCODE	  

•  ENCODE	  
•  Enhancing	  and	  extending	  annota:on	  of	  all	  evidence-‐based	  gene	  
features	  in	  the	  genome	  at	  a	  high	  accuracy	  

•  Protein-‐coding	  loci	  with	  alterna:vely	  spliced	  variants	  
•  Non-‐coding	  loci	  
•  Non-‐protein	  coding	  RNA	  for	  instance	  

hbp://www.genome.gov/encode/	  
hbp://www.gencodegenes.org/	  



ENCODE	  

hbp://www.nature.com/encode/#/threads	  

80%	  of	  the	  components	  of	  the	  human	  genome	  now	  have	  at	  
least	  one	  biochemical	  func:on	  associated	  with	  them	  

30	  papers	  published	  across	  3	  different	  journals	  	  



ENCODE	  

•  ENCODE	  
•  How	  do	  I	  use	  this	  with	  my	  GWAS	  SNPs?	  
•  Lots	  of	  informa:on,	  do	  I	  have	  to	  go	  look	  it	  up	  in	  each	  individual	  
dataset	  out	  there?	  

•  Thankfully	  database	  resources	  exist!	  
•  Note,	  this	  data	  is	  being	  added	  to	  all	  the	  :me	  

hbp://www.genome.gov/encode/	  



RegulomeDB	  

•  Known	  and	  predicted	  regulatory	  DNA	  elements	  including	  
•  Regions	  of	  DNAase	  hypersensi:vity	  
•  Binding	  sites	  of	  transcrip:on	  factors	  
•  Promoter	  regions	  	  
•  All	  have	  been	  biochemically	  characterized	  

•  Using	  an	  RSID,	  chromosome	  or	  base	  pair	  loca:on,	  or	  a	  
chromosomal	  region	  
•  BED	  files	  and	  VCF	  files	  can	  even	  be	  uploaded	  

•  Note,	  unlike	  SCAN,	  informa:on	  on	  cell	  type	  specificity	  but	  not	  
ancestry	  

Annota:on	  of	  func:onal	  varia:on	  in	  personal	  genomes	  using	  RegulomeDB	  
Genome	  Res.	  2012	  Sep;22(9):1790-‐7.	  doi:	  10.1101/gr.137323.112.	  



RegulomeDB	  

•  Known	  and	  predicted	  regulatory	  DNA	  elements	  including	  

Annota:on	  of	  func:onal	  varia:on	  in	  personal	  genomes	  using	  RegulomeDB	  
Genome	  Res.	  2012	  Sep;22(9):1790-‐7.	  doi:	  10.1101/gr.137323.112.	  



RegulomeDB	  

•  This	  is	  a	  huge	  amount	  of	  informa:on!	  
•  If	  80%	  of	  the	  components	  of	  the	  human	  genome	  now	  have	  at	  
least	  one	  biochemical	  func:on	  associated	  with	  them…	  how	  do	  I	  
decide	  what	  might	  be	  important?	  

•  Regulome	  DB	  uses	  a	  scoring	  system	  
•  The	  more	  pieces	  of	  evidence	  that	  a	  SNP	  is	  regulatory	  in	  some	  
way,	  the	  higher	  the	  score	  

•  Increasing	  confidence	  that	  a	  variant	  lies	  in	  a	  func:onal	  loca:on	  
and	  likely	  results	  in	  a	  func:onal	  consequence	  

Annota:on	  of	  func:onal	  varia:on	  in	  personal	  genomes	  using	  RegulomeDB	  
Genome	  Res.	  2012	  Sep;22(9):1790-‐7.	  doi:	  10.1101/gr.137323.112.	  



•  RegulomeDB	  uses	  a	  scoring	  system	  
•  The	  more	  pieces	  of	  evidence	  that	  a	  SNP	  is	  regulatory	  in	  some	  way,	  the	  
higher	  the	  score	  

•  Increasing	  confidence	  that	  a	  variant	  lies	  in	  a	  func:onal	  loca:on	  and	  
likely	  results	  in	  a	  func:onal	  consequence	  



RegulomeDB	  
•  So	  can	  provide	  my	  SNPs	  of	  interest	  and	  get	  annota:on	  that	  
looks	  like	  this:	  

Single_Nucleo:des|PSRC1|eQTL,	  Chroma:n_Structure|FAIRE,	  
Chroma:n_Structure|DNase-‐seq,	  Protein_Binding|ChIP-‐seq|CTCF	  	  

Let’s	  look	  at	  the	  web	  interface	  for	  rs629301	  



RegulomeDB	  
Let’s	  look	  at	  the	  web	  interface	  for	  rs629301	  again	  



RegulomeDB	  
Let’s	  look	  at	  the	  web	  interface	  for	  rs629301	  

Can	  view	  UCSC	  genome	  browser	  informa:on	  about	  the	  loca:on	  of	  the	  SNP	  



RegulomeDB	  
Let’s	  look	  at	  the	  web	  interface	  for	  rs629301	  

Can	  view	  more	  informa:on	  about	  each	  piece	  of	  evidence	  behind	  the	  score	  



HaploReg	  
•  Exploring	  annota:ons	  of	  noncoding	  genome	  for	  SNPs	  
•  A	  way	  to	  develop	  mechanis:c	  hypothesis	  of	  non	  (protein)	  coding	  
variants	  on	  phenotypic	  variaiton	  

•  Provides	  LD	  informa:on	  
•  1000	  Genomes	  Project	  

•  Linked	  SNPs	  and	  small	  indels	  (inser:ons/dele:ons)	  can	  be	  
visualized	  with	  predicted	  chroma:n	  state	  

•  Sequence	  conserva:on	  across	  mammals	  
•  Effect	  on	  regula:on	  
•  New	  Version	  2	  

hbp://www.broadins:tute.org/mammals/haploreg/haploreg.php	  



HaploReg	  
•  Enter	  a	  list	  of	  SNPs	  
•  We	  can	  enter	  our	  SNP	  rs629301	  
•  Do	  we	  see	  anything	  different	  from	  RegulomeDB?	  	  

•  They	  have	  a	  focus	  on	  LD	  	  
•  Can	  iden:fy	  informa:on	  about	  SNPs	  in	  linkage	  disequilibrium	  with	  
your	  SNP(s)	  of	  interest	  
•  Based	  on	  1000	  Genomes	  popula:ons	  

•  AFR	  
•  AMR	  
•  ASN	  
•  EUR	  

hbp://www.broadins:tute.org/mammals/haploreg/haploreg.php	  



HaploReg	  
•  Enter	  a	  list	  of	  SNPs	  
•  We	  can	  enter	  rs629301	  
•  Do	  we	  see	  anything	  different	  from	  RegulomeDB?	  	  

hbp://www.broadins:tute.org/mammals/haploreg/haploreg.php	  



HaploReg	  
•  Enter	  a	  list	  of	  SNPs	  
•  We	  can	  enter	  rs629301	  
•  Do	  we	  see	  anything	  different	  from	  RegulomeDB?	  	  

hbp://www.broadins:tute.org/mammals/haploreg/haploreg.php	  



Using	  HaploReg	  
•  So	  for	  our	  SNP	  
•  We	  have	  regulatory	  informa:on	  for	  that	  SNP	  and	  nearby	  SNPs	  
•  It	  might	  be	  that	  a	  SNP	  in	  LD	  with	  the	  SNP	  you	  have	  iden:fied	  in	  
your	  GWAS	  is	  more	  likely	  func:onal…	  



Using	  HaploRegDB	  
•  What	  if	  I	  look	  closer	  at	  that	  SNP	  rs629301?	  
•  Similar	  results	  to	  RegulomeDB,	  EXCEPT	  FOR	  



Exploring	  Results	  
•  So	  back	  to	  the	  10	  SNPs	  you	  have	  from	  a	  GWAS	  
•  Worth	  looking	  at	  SCAN,	  RegulomeDB,	  and	  HaploReg	  
•  Each	  source	  provides	  different	  key	  pieces	  of	  informa:on	  

•  SCAN:	  Signs	  of	  being	  an	  eQTL	  	  
•  Target	  genes,	  p-‐values,	  and	  popula:on	  

•  RegulomeDB:	  Informa:on	  about	  mul:ple	  func:onal	  measures	  
indica:ng	  the	  SNP	  is	  likely	  func:onal	  
•  Scoring	  system	  
•  Cell	  type	  specificity	  

•  HaploRegDB:	  Informa:on	  about	  being	  a	  likely	  promoter	  or	  enhancer	  
•  Cell	  type	  specificity	  
•  Expansion	  to	  other	  SNPs	  based	  on	  LD	  for	  different	  ancestry	  groups	  



Model	  Organisms	  
•  Have	  only	  discussed	  human	  based	  ENCODE	  

•  ModENCODE:	  trying	  to	  iden:fy	  all	  sequence-‐based	  func:onal	  
elements	  in	  C.	  elegans	  and	  Drosophila	  melanogaster	  

Explore	  hierarchical	  view	  of	  regulatory	  networks	  
Upload	  gene:c	  regions	  and	  explore	  
Upload	  list	  of	  fly	  genes	  and	  explore	  in	  heatmap	  

Mouse	  ENCODE	  too…	  



Questions?	  


