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Outline	
  
Learning	
  objecBves	
  are:	
  
•	
  Technologies	
  for	
  genome/exome	
  sequencing	
  
•	
  Study	
  designs	
  for	
  sequencing	
  experiments	
  
•	
  Learn	
  about	
  new	
  methodological	
  approaches	
  
to	
  look	
  for	
  both	
  rare	
  variaBon,	
  as	
  well	
  as	
  the	
  
combinaBon	
  of	
  common	
  and	
  rare	
  variaBon	
  
associated	
  with	
  traits	
  
•	
  Discuss	
  what	
  we	
  can	
  learn	
  from	
  sequence	
  data	
  
as	
  well	
  as	
  ethical	
  concerns	
  



DNA	
  sequence	
  varia*on	
  
Lecture	
  1	
  



I	
   want	
   to	
   do	
   a	
   geneBc	
  
study	
  on	
  my	
  phenotype	
  of	
  
interest.	
   	
   What	
   do	
   I	
   do	
  
next?	
  



If	
  only	
  it	
  were	
  that	
  easy…..	
  
•  What’s	
  your	
  research	
  quesBon?	
  	
  	
  
•  What	
  type	
  of	
  geneBc	
  variaBon	
  are	
  you	
  interested	
  in?	
  

–  Rare	
  or	
  common?	
  Both?	
  Either?	
  
•  How	
  many	
  samples	
  do	
  you	
  have	
  access	
  to?	
  

–  What	
  type	
  of	
  samples	
  and	
  when/how	
  were	
  they	
  extracted?	
  
–  How	
  much	
  DNA	
  do	
  you	
  have?	
  

•  How	
  many	
  variants	
  do	
  you	
  want	
  to	
  (or	
  can	
  you)	
  analyze?	
  
–  Sample	
  all	
  variaBon	
  in	
  the	
  genome?	
  
–  Tag	
  variants?	
  

•  What’s	
  your	
  data	
  analysis	
  plan?	
  
•  What’s	
  your	
  Bmeline?	
  
•  What’s	
  your	
  budget?	
  
•  What	
  do	
  you	
  wish	
  to	
  accomplish?	
  



Op*ons	
  for	
  Genotyping	
  SNPs	
  

THROUGHPUT	
  LOW	
   HIGH	
  

Taqman	
  

Sequenom	
  

OpenArray	
  
Illumina	
  	
  
VeraCode	
  

Affymetrix	
  	
  
Axiom	
  

Affymetrix	
  	
  
Gene	
  Chip	
  
Array	
   Illumina	
  	
  

Infinium	
  

1	
   10-­‐30	
  
SNP	
  
Plex:	
   16-­‐256	
   48-­‐384	
   ~750K	
   >906K	
  

(6.0)	
  
300K-­‐5M	
  

#	
  Samples	
  	
  	
  Per	
  “Run”	
  

384	
   384	
   144-­‐12	
   96	
   96	
   1-­‐5*	
   96-­‐4*	
  



Hardware	
  for	
  Genotyping	
  



Genome-­‐wide	
  Common	
  Variant	
  Panels	
  

•  10,000-­‐5	
  million	
  SNPs	
  
•  Affymetrix,	
  Illumina	
  
•  Random	
  SNPs	
  –	
  spaced	
  across	
  the	
  genome	
  
•  Selected	
  haplotype	
  tag	
  SNPs	
  
•  Copy	
  Number	
  Probes	
  
•  ConsideraBons	
  for	
  genotyping…	
  
– Mix	
  up	
  Cases/Controls/ethnic	
  groups	
  
–  Run	
  duplicates	
  
–  Run	
  trios	
  
–  Run	
  HapMap	
  Controls	
  (PosiBve	
  Control)	
  
–  Blanks/no	
  blanks?	
  (NegaBve	
  Control)	
  



NHGRI	
  GWA	
  Catalog	
  
www.genome.gov/GWAStudies	
  
www.ebi.ac.uk/fgpt/gwas/	
  	
  

Published	
  Genome-­‐Wide	
  Associa*ons	
  through	
  12/2013	
  
Published	
  GWA	
  at	
  p≤5X10-­‐8	
  for	
  17	
  trait	
  categories	
  

As	
  of	
  02/20/15,	
  the	
  catalog	
  includes	
  2,111	
  
publica*ons	
  and	
  15,396	
  SNPs.	
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Odds	
  RaBo	
  (upper	
  inclusive	
  bound)	
  
Marylyn	
  Ritchie,	
  Jan	
  2014	
  

Distribu*on	
  of	
  Effects	
  



Maher,	
  B.	
  Nature	
  2008;	
  456:18-­‐21.	
  



Missing	
  Heritability	
  
•  Under	
  our	
  nose	
  
•  Out	
  of	
  sight	
  
•  In	
  the	
  architecture	
  
•  Underground	
  networks	
  
•  Lost	
  in	
  diagnosis	
  
•  The	
  great	
  beyond	
  

Maher,	
  B.	
  Nature	
  2008;	
  456:18-­‐21.	
  



Biology	
  is	
  complex	
  



Molecular	
  biology	
  is	
  complex	
  



Enabling	
  discoveries	
  with	
  Next-­‐
Genera*on	
  GWAS	
  

Eff
ec
t	
  S

iz
e	
  

MAF	
  
Common	
  Rare	
  

SEQ	
  
SEQ	
  or	
  
ARRAYS	
  

Next-­‐Gen	
  
Arrays	
  

1st	
  Gen	
  Arrays	
  
La
rg
e	
  

Sm
al
l	
  

Very	
  Rare	
  Variants	
  
Large	
  Effect	
  Size	
  

Rare/Intermediate	
  Variants	
  
Intermediate	
  Effect	
  Size	
  

Common	
  Variants	
  
Small	
  Effect	
  Size	
  



Timeline	
  
1. Release	
  of	
  complete	
  human	
  genome	
  

2. HapMap	
  ConsorBum,	
  collecBon	
  of	
  common	
  variaBon	
  

3. Common	
  Variant-­‐Common	
  Disease	
  did	
  not	
  explain	
  much	
  
heritability	
  

4. Began	
  to	
  invesBgate	
  rare	
  variants	
  
5. 1000	
  Genomes	
  Project	
  



The	
  Interna*onal	
  HapMap	
  

•  Project	
  started	
  in	
  2003	
  
•  Designed	
  to	
  determine	
  frequencies	
  and	
  paqerns	
  
of	
  associaBon	
  between	
  common	
  SNPs	
  

# of SNPs 
Genotyped 

Targeted SNPs Populations Studied 

Phase I 1 million  Prioritized coding SNPs to attain 
1 SNP for each 5-kb region 

CEU,YRI,CHB,JPT 

Phase II 3 million Prioritized non-synonymous 
SNPs in coding regions 

CEU,YRI,CHB,JPT 

Phase III 1.4 million Prioritized rare variants CEU,YRI ,CHB,JPT, 
ASW,CHB,GIH,LWK, 
MXL,MKK,TSI 

HapMap	
  details	
  





Want	
  to	
  learn	
  more	
  about	
  GWAS?	
  



The	
  1000	
  Genomes	
  Project	
  

“Provide	
  deep	
  characteriza1on	
  of	
  human	
  genome	
  sequence”	
  
• Expand	
  the	
  invesBgaBon	
  of	
  causal	
  variants	
  to	
  include	
  rare	
  variants	
  
• Project	
  started	
  in	
  2008	
  
• Genotype	
  95%	
  of	
  1+%	
  variaBon	
  

	
  

Pilot Data sets Populations Samples Coverage 
Trio 2 6 20-40x 
Low coverage 4 179 2-4x 
Exon (8,140 exons ~5% of exome) 7 697 20-50x 

Details	
  for	
  1000	
  Genomes	
  three	
  pilot	
  projects	
  



The	
  1,000	
  Genomes	
  Project	
  
Sequence	
  1,000	
  genomes	
  to	
  complete	
  the	
  picture	
  of	
  gene1c	
  varia1on	
  

Project	
  Goals	
  
	
  

1.  Accelerate	
  fine-­‐mapping	
  efforts	
  in	
  gene	
  regions	
  
indenBfied	
  through	
  genome-­‐wide	
  associaBon	
  studies	
  or	
  
candidate	
  gene	
  studies	
  

2.   Improve	
  the	
  power	
  of	
  future	
  gene*c	
  associa*on	
  studies	
  
by	
  enabling	
  design	
  of	
  next-­‐genera*on	
  genotyping	
  
microarrays	
  that	
  more	
  fully	
  represent	
  human	
  gene*c	
  
varia*on	
  

3.  Enhance	
  the	
  analysis	
  of	
  ongoing	
  and	
  already	
  completed	
  
associaBon	
  studies	
  by	
  improving	
  our	
  ability	
  to	
  “impute”	
  
or	
  “predict”	
  untyped	
  geneBc	
  variants	
  

Achieve	
  a	
  nearly	
  complete	
  catalog	
  of	
  common	
  human	
  gene*c	
  variants	
  with	
  
frequency	
  1%	
  or	
  higher.	
  



Proper*es	
  of	
  Variants	
  Found	
  

Known	
  =	
  	
  present	
  in	
  dbSNP129	
  
91%	
  SNPs	
  found	
  in	
  coding	
  regions	
  were	
  already	
  present	
  in	
  dbSNP	
  

The	
  1000	
  Genomes	
  Project	
  ConsorBum.	
  “A	
  map	
  of	
  human	
  genome	
  variaBon	
  from	
  
populaBon-­‐scale	
  sequencing.”	
  Nature	
  2010	
  



www.1000genomes.org	
  



Beger	
  Reference	
  Catalog?	
  
Which	
  database	
  should	
  be	
  used	
  as	
  a	
  reference?	
  
– Which	
  database	
  was	
  most	
  recently	
  released?	
  
– Which	
  contains	
  the	
  most	
  variants?	
  
– Which	
  ethniciBes	
  were	
  included?	
  
– What	
  is	
  the	
  allele	
  frequency	
  distribuBon	
  captured?	
  



New	
  Content	
  for	
  Next-­‐gen	
  GWAS	
  Arrays	
  
Rich	
  content	
  to	
  explore	
  new	
  hypotheses	
  and	
  enable	
  new	
  discoveries	
  

Project Year 

Approx.	
  
CumulaBve	
  SNPs	
  

found 

Tag	
  SNPs	
  
needed	
  for	
  

max	
  
coverage 

Lower	
  limit	
  of	
  
allele	
  frequency	
  

targeted 
%	
  variaBon	
  tagged	
  

(r2>0.8)	
   

HapMap 2003-­‐2007 3M 0.6M 5% >90% 

1kG	
  Pilot	
  Project 2008-­‐2009 17M 2.5M 2.5% ~80% 

1kG	
  Full	
  Project 2010 38M 5.0M 1% >90% 

Sequence	
  to	
  discover	
  SNPs	
  >1%	
  MAF	
  (1000-­‐Genomes	
  project)	
  

Leverage	
  the	
  power	
  of	
  LD	
  to	
  select	
  tagSNPs	
  and	
  remove	
  redundancy	
  

Include	
  progressively	
  more	
  SNPs	
  at	
  lower	
  allele	
  frequencies	
  (5%,	
  2.5%,	
  1%)	
  



The	
  spectrum	
  of	
  known	
  varia*on	
  is	
  
expanding	
  at	
  an	
  unprecedented	
  
rate…	
  

HAPMAP	
  

1kGP	
  Pilot	
  Phase	
  –	
  17	
  Million	
  SNPs	
  

1kGP	
  Main	
  Project	
  –	
  38	
  Million	
  SNPs	
  

HapMap	
  –	
  3.5	
  Million	
  
SNPs	
  



…and	
  resehng	
  the	
  reference	
  point	
  
for	
  GWAS.	
  



So	
  maybe	
  it’s	
  in	
  the	
  rare(r)	
  variants	
  



Other	
  reference	
  panels	
  

hqp://www.nlgenome.nl/	
  



Other	
  reference	
  panels	
  



Other	
  reference	
  panels	
  

hqp://www.uk10k.org/	
  



I’m	
  interested	
  in	
  other	
  varia*on	
  
besides	
  SNPs…	
  

Perhaps	
  we	
  should	
  look	
  at	
  CNVs	
  



CNVs	
  are	
  Associated	
  with	
  Various	
  Phenotypes	
  





“Take-­‐Home”	
  Quotes	
  from	
  CNV	
  Paper	
  

•  “We	
  have	
  demonstrated	
  that	
  high-­‐confidence	
  CNV	
  calls	
  can	
  
be	
  assigned	
  in	
  large,	
  real-­‐world	
  case-­‐control	
  samples	
  for	
  a	
  
substanBal	
  proporBon	
  of	
  the	
  common	
  CNVs	
  esBmated	
  to	
  
be	
  present	
  in	
  the	
  human	
  genome.	
  	
  

•  We	
  have	
  idenBfied	
  directly	
  several	
  CNV	
  loci	
  that	
  are	
  
associated	
  with	
  common	
  disease.	
  Such	
  loci	
  could	
  
contribute	
  to	
  disease	
  pathogenesis.	
  	
  

•  However,	
  the	
  loci	
  idenBfied	
  are	
  well	
  tagged	
  by	
  SNPs	
  and,	
  
hence,	
  the	
  associa*ons	
  can	
  be,	
  and	
  were,	
  detected	
  
indirectly	
  via	
  SNP	
  associa*on	
  studies.	
  

•  Among	
  the	
  CNVs	
  that	
  we	
  could	
  type	
  well,	
  those	
  not	
  well	
  
tagged	
  by	
  SNPs	
  have	
  the	
  same	
  overall	
  associaBon	
  
properBes	
  as	
  those	
  which	
  are	
  well	
  tagged.”	
  

Vol	
  464|	
  1	
  April	
  2010|doi:10.1038/nature08979	
  



GWAS	
  is	
  fine,	
  and	
  CNVs	
  are	
  cool,	
  
but	
  I	
  want	
  to	
  detect	
  ALL	
  varia*on	
  
in	
  my	
  samples!	
  

•  SEQUENCE	
  is	
  the	
  SOLUTION	
  



Ques*ons???	
  


