
Please	  sign	  up	  for	  presenta0ons	  and	  
debates	  

1.  Presenta0on	  to	  the	  class	  (>7	  presenta0ons	  needed)	  
Breast	  Cancer	  
Type	  2	  Diabetes	  
Alzheimer’s/Parkinson’s/ALS	  
other	  traits	  -‐	  	  	  

2.	  	  Debate	  (2	  debates	  with	  two	  people	  each)	  
a.	  	  "Should	  DTC	  gene0cs	  be	  prescrip0on	  only?".	  	  	  
b.	  	  "To	  know	  or	  not	  to	  know	  (Breast	  Cancer,	  Alzheimer’s,	  ALS,	  
Paternity).”	  



Readings	  for	  Wed.	  Mar.	  30	  
hTp://stanford.edu/class/gene210/web/html/schedule.html	  



Readings	  for	  Mon.	  Apr.	  4	  
hTp://stanford.edu/class/gene210/web/html/schedule.html	  



Reading	  for	  Wed.	  Apr.	  6	  
Euan	  Ashley	  

*Look	  up	  your	  genotype	  at	  13	  suscep0bility	  loci	  at	  
gene210.stanford.edu	  



Workshop	  2	  
Gene210	  Personalized	  Medicine	  and	  Genomics	  

March	  30,	  2011	  

• Tour	  of	  dbSNP	  and	  hapmap	  (Nick)	  
• SNP	  imputer	  (Konrad)	  
• Example	  of	  colon	  cancer	  GWAS	  (Stuart)	  
• Gene210-‐wide	  associa0on	  study	  (Konrad)	  



NHGRI GWA Catalog 
www.genome.gov/GWAStudies 

Published Genome-Wide Associations through 12/2010,  
1212 published GWA at p<5x10-8 for 210 traits 



Colorectal	  cancer	  

1057	  cases	  
960	  controls	  

550K	  SNPs	  



1027	  Colorectal	  cancer	  

960	  controls	  

Cancer:	  	  0.57G	  	  	  0.43T	  

controls:	  	  0.49G	  	  	  0.51T	  



Cancer:	  	  0.57G	  	  	  0.43T	  

controls:	  	  0.49G	  	  	  0.51T	  
Are	  these	  different?	  

Chi	  squared	  



Chi	  squared	  
hTp://www.graphpad.com/quickcalcs/chisquared1.cfm	  



Chi	  squared	  
hTp://www.graphpad.com/quickcalcs/chisquared1.cfm	  

Cancer:	  	  352GG	  	  +	  486GT	  =	  1190	  G	  alleles	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  486GT	  	  +	  189	  TT	  =	  864	  	  	  T	  alleles	  

Controls:	  	  0.49G	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.51T	  



Chi	  squared	  
hTp://www.graphpad.com/quickcalcs/chisquared1.cfm	  

Chi	  squared	  =	  31	  
P	  values	  =	  10-‐7	  



Stuart’s	  genotype	  

Homozygous	  bad	  allele	  L	  



Allelic	  odds	  ra0o	  

Cancer:	  	  0.57G	  	  	  0.43T	  

controls:	  	  0.49G	  	  	  0.51T	  

Cancer:	  	  G:T	  ra0o	  =	  0.57/.43	  =	  1.32	  	  

controls:	  	  G:T	  ra0o	  =	  .49/.51	  =	  .96	  	  

Allelic	  odds	  ra0o	  =	  1.32/.96	  =	  1.37	  



Tomlinson	  et	  al.,	  Nat.	  Genet.	  39,	  984,	  2007	  

“Of	  the	  547,647	  polymorphic	  tag	  SNPs,	  27,673	  showed	  an	  associa0on	  
with	  disease	  at	  P	  <	  .05.”	  	  



Mul0ple	  hypothesis	  tes0ng	  

•  P	  =	  .05	  means	  that	  there	  is	  a	  5%	  chance	  for	  
this	  to	  occur	  randomly.	  

•  If	  you	  try	  100	  0mes,	  you	  will	  get	  about	  5	  hits.	  
•  If	  you	  try	  547,647	  0mes,	  you	  should	  expect	  
547,647	  x	  .05	  =	  27,382	  hits.	  

•  So	  27,673	  (observed)	  is	  about	  the	  same	  as	  one	  
would	  randomly	  expect.	  	  	  

“Of	  the	  547,647	  polymorphic	  tag	  SNPs,	  27,673	  showed	  an	  associa0on	  
with	  disease	  at	  P	  <	  .05.”	  	  



Mul0ple	  hypothesis	  tes0ng	  

•  Here,	  have	  547,647	  SNPs	  =	  #	  hypotheses	  
•  False	  discover	  rate	  =	  q	  =	  p	  x	  #	  hypotheses.	  	  
This	  is	  called	  the	  Bonferroni	  correc0on.	  

•  Want	  q	  =	  .05.	  	  This	  means	  a	  posi0ve	  SNP	  has	  
a	  .05	  likelihood	  of	  rising	  by	  chance.	  	  	  

•  At	  q	  =	  .05,	  p	  =	  .05	  /	  547,647	  =	  .91	  x	  10-‐7	  
•  This	  is	  the	  p	  value	  cutoff	  used	  in	  the	  paper.	  

“Of	  the	  547,647	  polymorphic	  tag	  SNPs,	  27,673	  showed	  an	  associa0on	  
with	  disease	  at	  P	  <	  .05.”	  	  



Mul0ple	  hypothesis	  tes0ng	  

•  The	  Bonferroni	  correc0on	  is	  too	  conserva0ve.	  	  It	  
assumes	  that	  all	  of	  the	  tests	  are	  independent.	  	  	  

•  But	  the	  SNPs	  are	  linked	  in	  haplotype	  blocks,	  so	  
there	  really	  are	  less	  independent	  hypotheses	  
than	  SNPs.	  

•  Another	  way	  to	  correct	  is	  to	  permute	  the	  data	  
many	  0mes,	  and	  see	  how	  many	  0mes	  a	  SNP	  
comes	  up	  in	  the	  permuted	  data	  at	  a	  par0cular	  
threshold.	  

“Of	  the	  547,647	  polymorphic	  tag	  SNPs,	  27,673	  showed	  an	  associa0on	  
with	  disease	  at	  P	  <	  .05.”	  	  




