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Human	
  genome	
  project	
  

“The nitrogen in our DNA, 
the calcium in our teeth, the 
iron in our blood, the carbon 
in our apple pies were made in 
the interiors of collapsing 
stars. We are made of 
starstuff.” 	


	


― Carl Sagan, Cosmos	



Outline:	
  From	
  blueprint	
  to	
  
implementa8on	
  	
  

1.	
  Genome	
  composi8on	
  

2.	
  Func8onal	
  elements	
  

3.	
  Histone	
  modifica8ons	
  

4.	
  DNA	
  methyla8on	
  

What’s	
  next?	
  

5.	
  Revisi8ng	
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Age	
  of	
  OMICS	
  

hPp://journal.fron8ersin.org/ar8cle/10.3389/fpls.2014.00244/full#h3	
  

1.1.	
  Genome	
  composi8on	
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Human	
  genome	
  project	
  

Characterizing	
  the	
  human	
  genome	
  
•  ~	
  3.2	
  billion	
  bases	
  
•  ~	
  22,000	
  protein-­‐coding	
  genes	
  
•  98%	
  noncoding	
  

Protein-
Coding 

Repetitive 

Other 
(Dark	
  maPer)	
  

(Junk)	
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Gene	
  and	
  genome	
  content	
  

<	
   <	
  

1	
  billion	
  bp	
   132.8	
  billion	
  bp	
  3.2	
  billion	
  bp	
  

<	
   <	
  

22,000	
  17,000	
   30,000	
  

Gene8c	
  disease	
  	
  

hPp://www.ncbi.nlm.nih.gov/pmc/ar8cles/PMC2630295/	
  



NHGRI Current Topics in Genome Analysis 2016 
Week 5: Regulatory and Epigenetic Landscapes 
of Mammalian Genomes 
	
  

March 16, 2016 
Laura Elnitski, Ph.D.	
  

6	
  

Pervasive	
  transcrip8on	
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Envisioning	
  the	
  genome	
  

A.	
  Linear	
  sequence	
  

Envisioning	
  the	
  genome	
  

A.	
  Linear	
  sequence	
   B.	
  Looping	
  interac8ons	
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Envisioning	
  the	
  genome	
  

A.	
  Linear	
  sequence	
   B.	
  Looping	
  interac8ons	
   C.	
  3D	
  packaging	
  

From	
  blueprint	
  to	
  implementa8on	
  	
  

“nothing	
  in	
  the	
  genome	
  makes	
  sense,	
  except	
  in	
  3D”	
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Central	
  dogma	
  -­‐	
  1958	
  

Noncoding	
  RNA	
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1.2.	
  Examining	
  the	
  linear	
  
sequence	
  

EVOLUTIONARY	
  CLUES	
  

Human	
  

Platypus	
  

Horse	
  Chimpanzee	
  

Rat	
  

Evolu8onary	
  Distance	
  

Pufferfish	
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Jessica Alföldi, and Kerstin Lindblad
Toh Genome Res. 2013;23:1063-1068 

Phylogene8c	
  trees	
  
Human	
  language	
  

Pig	
  domes8ca8on	
  

Regulatory	
  
element	
  
conversion	
  
(exapta8on)	
  

Therian	
  sex	
  	
  
chromosome	
  
	
  forma8on	
  

Phylogene8c	
  footprints	
  

� =	
  iden8cal	
  
-­‐	
  =	
  gap	
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Phylogene8c	
  shadowing	
  

Conserved	
  elements	
  in	
  the	
  human	
  
genome	
  

	
   all human-mouse alignments 

Selective constraint 
on  

5% of  
human genome  

[Mouse	
  consor8um,	
  Nature	
  2002]	
  

elec8on	
  

alignments in neutral regions 

85% id on average 

Sequence	
  level	
  view	
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Ultraconserved	
  elements	
  in	
  the	
  
human	
  genome	
  

	
  
Ultraconserved 

regions 

UCSC	
  browser	
  conserva8on	
  track	
  

•  There are kknnoowwnn  kknnoowwnnss; these are things we know we know.  
•  We also know there are kknnoowwnn uunnkknnoowwnnss; that is to say we know 

there are some things we do not know.  
•  There are also uunnkknnoowwnn uunnkknnoowwnnss – the ones we don't know we 

don't know.  
•  It is the latter category that tend to be the ddiiffifficcuulltt ones 
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New	
  es8mates	
  of	
  selec8ve	
  constraint	
  

frac8on	
  of	
  
constrained	
  
sequence	
  that	
  has	
  
been	
  retained	
  
(saturated	
  colors)	
  

frac8on	
  of	
  
constrained	
  
sequence	
  that	
  has	
  
been	
  turned	
  over	
  
(pastel	
  colors)	
  

hPp://journals.plos.org/plosgene8cs/ar8cle?id=10.1371/journal.pgen.1004525	
  

Sickle	
  cell	
  anemia	
  

The	
  McGraw-­‐Hill	
  	
  
Companies	
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Lactose	
  intolerance	
  

Regions	
  of	
  accelerated	
  change	
  

hPp://www.sciencedirect.com/science/ar8cle/pii/S0959437X14000781	
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Regulatory	
  varia8on	
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2.1	
  Func8onal	
  elements	
  in	
  linear	
  
sequence	
  

Enhancers	
  

hPp://www.nature.com/nrg/journal/v15/n4/fig_tab/nrg3682_F1.html	
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Trends in Biochemical Sciences 2015 40, 165-171DOI: (10.1016/j.tibs.2015.01.007)  

Core	
  promoter	
  elements	
  

Insulators/boundaries	
  

hPp://rstb.royalsocietypublishing.org/content/368/1620/20120369	
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Splicing	
  elements	
  

Nature	
  Reviews	
  Gene8cs	
  2004	
  5:	
  389-­‐396	
  

Super	
  &	
  stretch	
  enhancers	
  

hPp://www.pnas.org/content/110/44/17921.abstract	
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eRNA	
  

hPp://www.ncbi.nlm.nih.gov/pubmed/23417068	
  

2.2.	
  Looping	
  interac8ons	
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Looping	
  interac8ons	
  

hPp://www.nature.com/nrg/journal/v15/n4/full/nrg3682.html	
  

Variants	
  in	
  enhancers	
  
Alelle	
  Specific	
  ac8vity	
  

hPp://journal.fron8ersin.org/Journal/10.3389/fgene.2012.00195/
full#sthash.nUctI0rj.dpuf	
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Hum.	
  Mol.	
  Genet.	
  2003	
  12	
  :	
  1725-­‐1735	
  
Development	
  2005	
  132	
  :	
  	
  4	
  797-­‐803	
  

SHH	
  enhancer	
  muta8ons	
  

	
  Hum.	
  Mol.	
  Genet.	
  (2008)	
  17	
  (7):	
  978-­‐985	
  

Hemingway	
  cat	
  with	
  six	
  toes	
  

XIST	
  dispersion	
  

Ea
rly
	
  R
N
A	
  
lo
ca
liz
a8
on
	
  	
  

(X
ist
	
  e
nr
ic
hm

en
t)
	
  

Co
nt
ac
t	
  f
re
qu
en
cy
	
  w
ith

	
  X
ist
	
  lo
cu
s	
  

hPp://www.youtube.com/watch?v=P3X4ujzRxc4#t=150	
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Regulatory	
  architecture	
  	
  

hPp://www.youtube.com/watch?v=P3X4ujzRxc4#t=150	
  

2.3	
  3D	
  packaging	
  

PLoS	
  Biol.	
  2006	
  May;	
  4(5):	
  e138.	
  



NHGRI Current Topics in Genome Analysis 2016 
Week 5: Regulatory and Epigenetic Landscapes 
of Mammalian Genomes 
	
  

March 16, 2016 
Laura Elnitski, Ph.D.	
  

24	
  

Inter-­‐chromosomal	
  networks	
  

PLoS	
  Biol.	
  2006	
  May;	
  4(5):	
  e138.	
  

Lamin	
  domains	
  

PLoS	
  Biol.	
  2005	
  3:e157	
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Progeria	
  

Am	
  J.	
  Med	
  Genet.	
  23:2603-­‐24	
  
hPp://www.pnas.org/content/109/41/16666	
  

Altered	
  genome	
  topology	
  in	
  cancer	
  

lloosstt  aalltteerreedd  

hPp://www.nature.com/nrc/journal/v13/n7/full/nrc3486.html	
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3.	
  Histone	
  modifica8ons	
  

Ac8ve	
  and	
  inac8ve	
  chroma8n	
  



NHGRI Current Topics in Genome Analysis 2016 
Week 5: Regulatory and Epigenetic Landscapes 
of Mammalian Genomes 
	
  

March 16, 2016 
Laura Elnitski, Ph.D.	
  

27	
  

Types	
  of	
  histone	
  modifica8ons	
  	
  

Chroma8n	
  as	
  a	
  regulator	
  	
  

hPp://www.nature.com/nrg/journal/v15/n4/fig_tab/nrg3682_F2.html	
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Enhancer	
  dynamics	
  

RosePa	
  stone	
  of	
  chroma8n?	
  

hPp://www.nature.com/nmeth/journal/v9/n3/full/nmeth.1906.html	
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hPp://onlinelibrary.wiley.com/doi/10.1111/cge.12051/full#cge12051-­‐fig-­‐0003	
  

4.	
  DNA	
  methyla8on	
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“Age	
  is	
  not	
  a	
  par2cularly	
  
interes2ng	
  subject.	
  	
  

	
  
Anyone	
  can	
  get	
  old.	
  	
  

	
  
All	
  you	
  have	
  to	
  do	
  is	
  live	
  long	
  

enough.”	
  	
  

(Groucho	
  Marx)	
  
	
  

Gradual	
  shivs	
  in	
  methyla8on	
  

hPp://jap.physiology.org/content/109/1/243	
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5-­‐methyl	
  cytosine	
  

Waddington’s	
  epigene8c	
  landscape	
  
	
  

Waddington,	
  C.H.	
  The	
  Stategy	
  of	
  the	
  Genes	
  
	
  	
  	
  	
  	
  	
  (Geo	
  Allen	
  &	
  Unwin,	
  London	
  1957)	
  

Inherited	
  at	
  	
  
each	
  genera8on	
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Oct4/Nanog/Sox2	
  

Nuclear	
  reprogramming	
  
Waddington,	
  C.H.	
  The	
  Stategy	
  of	
  the	
  Genes	
  

	
  	
  	
  	
  	
  	
  (Geo	
  Allen	
  &	
  Unwin,	
  London	
  1957)	
  

Inherited	
  at	
  	
  
each	
  genera8on	
  

Behavioral	
  effects	
  

Nature	
  Neuroscience	
  	
  7,	
  791	
  -­‐	
  792	
  (2004)	
  	
  



NHGRI Current Topics in Genome Analysis 2016 
Week 5: Regulatory and Epigenetic Landscapes 
of Mammalian Genomes 
	
  

March 16, 2016 
Laura Elnitski, Ph.D.	
  

33	
  

(c)	
  CpG	
  island	
  shore	
  

(a)	
  Repe88ve	
  sequence	
  

(b)	
  CpG	
  island	
  promoters	
  

Line	
  family	
  member	
  

MLH1,	
  MGMT,	
  
BRCA1	
  

HOX2A,	
  GATA2	
  

(a)	
  Repe88ve	
  sequence	
  

(b)	
  CpG	
  island	
  promoters	
  

Line	
  family	
  member	
  

MLH1,	
  MGMT,	
  
BRCA1	
  

(a)	
  Repe88ve	
  sequence	
  
Line	
  family	
  member	
  

Alcohol	
  Research:	
  Current	
  Reviews,	
  Volume	
  35,	
  Issue	
  Number	
  1	
  

Methyla8on	
  and	
  cancer	
  

Methylated	
  cytosine	
   Unmethylated	
  cytosine	
  

Genome	
  misfolding	
  in	
  cancer	
  

PDGFRA	
  and	
  FIP1L1	
  	
  

tumor	
  normal	
  
hPps://www.broadins8tute.org/news/7706	
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5.1.	
  Revisi8ng	
  genome	
  
composi8on	
  

ENCODE	
  
a surprisingly large amount of the human genome, 
80.4%, is covered by at least one ENCODE-
identified element 

hPp://www.pnas.org/content/111/17/6131.abstract	
  
hPp://www.nature.com/nature/journal/v489/n7414/full/nature11247.html	
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Tallying	
  genomic	
  features	
  

Defining	
  func8on	
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Dele8on	
  of	
  promising	
  regions	
  	
  

Shadow	
  enhancers	
  	
  
(redundancy/resilience?)	
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Structural	
  conserva8on	
  in	
  lncRNA	
  

hPp://www.sciencedirect.com/science/ar8cle/pii/S0304416513004753	
  

5.2.	
  Seemingly	
  nonfunc8onal	
  
regions	
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TE	
  repeat	
  pairing	
  

hPp://www.ncbi.nlm.nih.gov/pmc/ar8cles/PMC3927610/figure/f1-­‐genes-­‐02-­‐00502/	
  

Wide-­‐spread	
  regulated	
  RNA	
  Pol	
  II	
  
ini8a8on	
  

hPp://www.cell.com/abstract/S0092-­‐8674(11)01351-­‐1	
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Illumina8ng	
  the	
  dark	
  maPer	
  
At	
  the	
  heart	
  of	
  science	
  is	
  an	
  essen8al	
  balance	
  
between	
  two	
  seemingly	
  contradictory	
  
awtudes—an	
  openness	
  to	
  new	
  ideas,	
  no	
  
maPer	
  how	
  bizarre	
  or	
  counterintui8ve	
  they	
  
may	
  be,	
  and	
  the	
  most	
  ruthless	
  skep8cal	
  
scru8ny	
  of	
  all	
  ideas,	
  old	
  and	
  new.	
  This	
  is	
  how	
  
deep	
  truths	
  are	
  winnowed	
  from	
  deep	
  
nonsense.	
  	
  
—	
  Carl	
  Sagan	
  


