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The	  allele	  specific	  expression	  (ASE)	  approach	  

• 	  Read	  counts	  over	  all	  heterozygous	  sites	  of	  an	  individual	  parGGoned	  by	  the	  allele	  
• 	  Binomial	  test	  to	  detect	  deviaGon	  from	  the	  expected	  ~50/50	  raGo	  

• 	  the	  expected	  is	  calculated	  from	  the	  overall	  reference/total	  raGo	  across	  the	  genome,	  
parGGoned	  by	  mapping	  quality	  and	  SNP	  alleles	  
• 	  filtering	  of	  sites	  with	  poor	  mapability	  and	  simulated	  evidence	  of	  allele-‐specific	  mapping	  
bias	  
• 	  robust	  to	  confounding	  factors	  between	  individuals	  

• Regulatory	  variaGon	  in	  cis	  (or	  an	  epigeneGc	  effect	  shared	  by	  all	  the	  cells)	  

A C	  
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cis	  eQTL*	   coding	  SNP	   mRNA-‐sequencing	  



ASE	  pipeline	  @	  UNIGE	  

•  Get	  the	  posiGons	  of	  all	  the	  variant	  sites	  in	  the	  enGre	  study	  sample	  	  

–  Filter	  sites	  that	  are	  likely	  to	  have	  mapping	  error	  based	  on	  general	  mapability	  
(UCSC	  track)	  and	  allelic	  mapping	  bias	  simulaGons	  	  

•  For	  each	  individual,	  build	  pileups	  over	  these	  sites	  

•  Parse	  the	  pileups	  to	  include	  only	  sites	  that	  are	  heterozygous	  in	  each	  individual	  and	  
covered	  by	  >=16	  reads,	  and	  count	  the	  alleles.	  	  

•  Calculate	  a	  factor	  to	  correct	  for	  systemaGc	  bias	  in	  allelic	  raGos	  
–  calculate	  overall	  reference/total	  allele	  raGo	  for	  each	  individual	  for	  each	  SNP	  

base	  combinaGon	  

–  these	  raGos	  (generally	  only	  max	  3%	  away	  from	  0.5)	  are	  then	  used	  as	  the	  
expected	  raGos.	  	  

•  Calculate	  binomial	  probability	  for	  each	  covered	  site	  in	  each	  individual	  separately	  
•  Build	  a	  results	  master	  file	  with	  annotaGons	  of	  the	  variants.	  	  



Caveats	  and	  concerns	  

•  Mapping	  bias	  =	  if	  your	  reference	  and	  alternaGve	  alleles	  don't	  map	  equally	  well	  
(due	  to	  the	  variant	  itself	  or	  other	  flanking,	  linked	  variants)	  
–  I	  have	  developed	  our	  mapability	  filtering	  to	  relaGvely	  high	  sophisGcaGon	  
–  there	  isn't	  a	  filter	  that	  would	  get	  rid	  of	  all	  the	  bias	  

•  Genotyping	  error	  
–  If	  you	  think	  that	  you're	  calculaGng	  ASE	  over	  a	  heterozygous	  site	  but	  the	  individual	  is	  actually	  

homozygous,	  you'll	  have	  an	  extreme	  ASE	  signal	  that	  is	  completely	  false	  
–  We	  filter	  this	  by	  requiring	  to	  observe	  both	  alleles	  in	  RNAseq	  data	  (minor	  allele	  raGo	  >2%)	  by	  

default.	  In	  some	  analysis	  this	  can	  be	  relaxed,	  but	  only	  with	  a	  lot	  of	  cau+on.	  	  
•  P-‐value	  limit	  

–  <0.01	  nominal	  p-‐value	  limit	  seems	  to	  work	  quite	  well,	  but	  it's	  not	  very	  stringent.	  	  
–  highly	  dependant	  on	  covegare	  and	  thus	  not	  really	  comparable	  between	  individuals	  or	  between	  

sites	  
–  in	  many	  analyses	  I	  try	  to	  use	  conGnuous	  data	  of	  allelic	  raGos	  rather	  than	  the	  p-‐value.	  	  



ASE	  as	  a	  QC	  tool	  

Cross-‐contaminaGon	  in	  5	  samples	  

Differences	  in	  genotyping	  quality	  between	  individuals	  
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NA20512.6.M_120119_6NA20796.1.M_120209_2HG00338.2.M_111215_8NA19114.2.M_111215_7HG00160.3.M_120202_1NA12400.2.M_111216_2NA20797.2.M_111215_6NA20757.1.M_111124_1HG00367.2.M_120131_1NA11894.2.M_111215_4NA11843.4.M_120208_6HG00242.3.M_120202_7NA07037.1.M_120209_3NA18502.1.M_120209_6NA19095.6.M_120119_4HG00119.1.M_120209_3NA07051.1.M_120209_6HG00146.2.M_111216_1HG00120.3.M_120202_2HG00183.1.M_120209_4HG00364.2.M_111215_8NA19189.1.M_120209_8NA12778.1.M_111124_4HG00255.2.M_111216_1NA20502.3.M_120202_4HG00148.3.M_120202_6HG00373.2.M_111215_6NA18867.1.M_111124_2HG00112.6.M_120119_2NA07357.1.M_120209_8HG00353.1.M_111124_6NA12763.1.M_120209_5NA20786.2.M_111215_8NA20760.3.M_120202_5

NA19225.6.M_120119_5

NA12144.4.M_120208_1
NA18498.1.M_120209_2HG00360.3.M_120202_8HG00150.4.M_120208_7HG00123.4.M_120208_7HG00362.3.M_120202_2HG00151.3.M_120202_4NA20539.4.M_120208_5
NA11893.1.M_120209_4HG00315.2.M_111215_5NA20799.1.M_111124_3NA11894.1.M_120209_4
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NA18498.2.M_120131_1NA20759.4.M_120208_3NA11930.1.M_120209_8HG00355.7.M_120219_6NA19102.1.M_111124_1NA18923.2.M_111216_5HG00378.1.M_120209_5NA12761.6.M_120119_2NA19093.1.M_120209_7HG00332.6.M_120217_1NA12749.1.M_111124_2NA20586.2.M_111215_7HG00355.3.M_120202_6NA18908.7.M_120219_7HG00126.1.M_111124_8HG00355.4.M_120208_3NA20543.1.M_120209_8NA19152.1.M_120209_3HG00134.1.M_120209_3NA20521.7.M_120219_7NA06994.1.M_120209_4NA12272.3.M_120202_5HG00244.5.M_120131_7HG00117.2.M_111216_4
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NA20769.6.M_120119_5NA06984.1.M_111124_4HG00251.2.M_111216_8NA12045.1.M_120209_3NA19171.1.M_111124_7HG00124.3.M_120223_7NA20525.1.M_111124_1HG00117.1.M_111124_2HG00346.2.M_120131_1NA19190.1.M_120209_8HG00131.1.M_120209_8HG00117.3.M_120202_6NA12283.1.M_120209_4NA20527.2.M_111215_7HG00134.6.M_120119_6NA19130.5.M_120131_7NA18511.7.M_120219_2HG00136.4.M_120208_7NA12155.4.M_120208_8NA20541.1.M_111124_4
NA20778.4.M_120208_1NA19150.5.M_120131_7NA20761.1.M_111124_7NA06986.1.M_111124_7NA12282.1.M_120209_6NA20805.4.M_120208_7HG00325.5.M_120131_1

NA07000.1.M_120209_2

NA20527.7.M_120219_8NA18909.1.M_120209_8NA20756.1.M_120209_4HG00383.1.M_111124_1
NA20532.3.M_120202_7

HG00376.2.M_111216_1HG00239.7.M_120219_4NA18916.2.M_111215_6NA11995.7.M_120219_5HG00356.2.M_111215_6NA19223.7.M_120219_6NA19116.2.M_111215_7HG00278.1.M_111124_5NA12873.1.M_120209_7NA20770.3.M_120202_1NA19213.1.M_120209_1HG00381.3.M_120202_7NA12827.1.M_120209_8
NA12775.7.M_120219_5HG00099.1.M_120209_6NA06986.4.M_120208_1NA20816.3.M_120202_7NA20503.1.M_111124_5NA07048.1.M_120209_8NA19200.1.M_120209_6NA18868.1.M_120209_7
NA12777.4.M_120208_6NA18909.4.M_120208_8NA19131.1.M_120209_3HG00358.5.M_120131_5NA20828.2.M_111216_8NA06994.2.M_111215_7
HG00250.1.M_111124_4

NA20513.4.M_120208_1HG00275.4.M_120208_8NA20520.3.M_120202_2NA12829.1.M_120209_4NA18908.1.M_120209_8NA18511.1.M_120209_1HG00137.1.M_120209_6HG00323.1.M_111124_4HG00108.7.M_120219_2NA18487.6.M_120119_5HG00335.2.M_111216_5NA20518.4.M_120208_3HG00141.5.M_120131_3NA19146.1.M_120209_8HG00309.7.M_120219_7NA20819.3.M_120202_2NA18517.3.M_120202_1NA19256.1.M_120209_3NA19160.3.M_120202_3HG00344.4.M_120208_2HG00345.1.M_120209_1NA12843.6.M_120119_4NA20790.2.M_111215_6NA12273.1.M_111124_4HG00178.4.M_120208_8HG00382.4.M_120208_4NA11992.6.M_120119_5HG00232.7.M_120219_3NA06986.5.M_120131_5NA20771.2.M_111215_7NA06986.6.M_120119_4HG00350.3.M_120202_3NA12872.1.M_120209_3NA20535.3.M_120202_2HG00111.2.M_111215_4HG00101.1.M_111124_4HG00138.5.M_120131_5HG00143.7.M_120219_2NA19209.6.M_120217_1NA18510.3.M_120202_7NA11893.7.M_120219_3NA12413.2.M_111215_6NA12717.1.M_111124_3HG00142.4.M_120208_6NA11994.1.M_120209_3NA11994.2.M_111216_7HG00341.2.M_111216_7NA20813.5.M_120131_1HG00129.4.M_120208_8HG00099.5.M_120131_3NA19095.3.M_120202_1NA20798.6.M_120119_6NA12272.1.M_120209_5NA20527.1.M_120209_1NA19095.1.M_111124_8HG00321.2.M_111216_2NA06986.3.M_120202_1NA20795.5.M_120131_1NA12413.1.M_120209_6
NA19095.4.M_120208_2HG00262.2.M_111215_8NA19207.1.M_120209_8NA20812.2.M_111216_6NA07048.6.M_120119_6NA12275.1.M_120209_4NA12043.2.M_120127_7NA12814.7.M_120219_3NA20524.2.M_111215_8NA20771.1.M_120209_4NA20804.4.M_120208_1NA20754.4.M_120208_1NA10851.1.M_120209_1NA20513.1.M_120209_6HG00233.2.M_111215_8HG00117.6.M_120217_1NA19149.1.M_111124_2NA12750.2.M_111216_2NA19095.7.M_120219_8HG00117.1.M_120209_1NA19121.1.M_120209_6NA12348.1.M_120209_3HG00372.4.M_120208_3NA20801.7.M_120219_5NA19099.1.M_120209_4HG00355.5.M_120131_3NA20589.1.M_111124_3HG00116.2.M_120131_1

NA12716.7.M_120219_6
NA11995.1.M_120209_5HG00122.6.M_120119_1NA18858.2.M_111216_8
NA12489.1.M_111124_2NA19096.4.M_120208_4NA19107.2.M_111216_5NA18916.1.M_120209_7NA20527.5.M_120131_1NA20807.5.M_120131_1HG00187.1.M_120209_2NA20542.7.M_120219_2NA20785.4.M_120208_1HG00102.3.M_120202_8NA11829.6.M_120217_1NA20758.2.M_111215_8
HG00127.1.M_111124_2NA20532.1.M_120209_5NA12045.3.M_120202_3NA19200.2.M_111216_1NA20509.7.M_120219_7HG00236.5.M_120131_5HG00114.6.M_120217_1HG00315.1.M_120209_5HG00264.6.M_120119_5HG00310.4.M_120208_3NA18873.1.M_120209_6
NA20534.2.M_111215_8NA19222.2.M_111216_7HG01334.7.M_120219_8HG00243.4.M_120208_2NA20538.1.M_120209_5NA12842.1.M_120209_5NA19209.1.M_120209_2NA18868.5.M_120131_3NA11831.1.M_120209_5HG00142.1.M_120209_7NA06989.3.M_120202_7NA19247.1.M_120209_2NA20527.3.M_120202_3NA19248.1.M_120209_2NA12004.1.M_120209_8NA20527.6.M_120119_5NA12044.4.M_120208_8NA10851.4.M_120208_1NA07347.7.M_120219_3NA18907.1.M_120209_1NA19121.3.M_120202_6
NA11931.1.M_111124_8
NA19223.1.M_120209_1HG00327.3.M_120202_4HG00375.4.M_120208_4NA19113.3.M_120202_1HG00137.6.M_120217_1HG00337.5.M_120131_5HG00117.4.M_120208_4NA18505.3.M_120202_1HG00130.5.M_120131_7HG00231.2.M_111216_2HG00186.3.M_120202_5HG00249.3.M_120202_4

NA18861.4.M_120208_5

NA20527.1.M_111124_6HG00111.1.M_120209_8NA18519.1.M_111124_3NA12287.1.M_120209_6HG00265.2.M_111215_4NA20538.3.M_120202_6NA12546.1.M_120209_6NA19130.1.M_120209_1NA12283.2.M_111216_5NA18912.1.M_120209_5NA18923.1.M_120209_6HG00325.1.M_120209_3NA12340.1.M_120209_3NA19131.2.M_111215_8
NA19147.2.M_120131_2
NA20531.4.M_120208_1NA19197.1.M_120209_3HG00355.1.M_111124_8HG00324.1.M_111124_2HG00110.2.M_120131_2NA12814.1.M_120209_3HG00366.4.M_120208_1NA11829.1.M_120209_7NA12716.1.M_120209_5HG00282.2.M_111216_6NA12282.3.M_120202_7NA18873.4.M_120208_7NA12340.5.M_120131_7NA19225.1.M_120209_2NA20582.4.M_120208_2HG00238.5.M_120131_5NA20802.1.M_111124_7NA20581.1.M_111124_4HG00271.2.M_111215_7NA12751.1.M_120209_6HG00154.5.M_120131_7
NA12761.1.M_120209_3
NA12341.1.M_111124_5HG00361.7.M_120219_5NA20516.5.M_120131_3HG00234.7.M_120219_4NA19129.1.M_120209_6HG00312.7.M_120219_6NA20774.7.M_120219_1HG00189.1.M_111124_5HG00281.1.M_111124_3HG00273.3.M_120202_7NA20517.3.M_120202_8HG00313.1.M_120209_2NA12751.2.M_111215_8NA18910.1.M_120209_5NA19138.1.M_120209_7HG00138.1.M_120209_2NA12058.5.M_120131_7NA19222.1.M_120209_1NA12775.1.M_120209_4NA19118.7.M_120219_8NA19117.1.M_111124_4NA20810.2.M_111215_7HG00149.1.M_111124_6NA20773.6.M_120119_4NA07056.1.M_111124_3NA18489.2.M_111216_1NA19098.5.M_120131_1
NA20754.1.M_120209_8

HG00237.4.M_120208_1

HG00384.2.M_111216_4
NA20529.2.M_111215_6HG00259.5.M_120131_3NA12155.1.M_120209_5HG00257.4.M_120208_5HG00313.2.M_111216_6NA20783.4.M_120208_6HG00321.1.M_120209_6NA19172.6.M_120119_1NA12348.3.M_120202_6HG00247.3.M_120202_1HG00280.1.M_111124_6NA12058.1.M_120209_7HG00261.6.M_120119_2NA20506.1.M_120209_2NA20505.1.M_111124_6NA12287.3.M_120202_3NA20518.1.M_120209_6NA06986.1.M_120209_1NA19235.1.M_111124_6NA12750.1.M_120209_7HG00176.4.M_120208_2NA12830.1.M_111124_2NA19185.6.M_120119_4NA19108.5.M_120131_7
NA18505.1.M_120209_4NA20792.6.M_120119_6NA20530.2.M_111215_6HG00349.4.M_120208_4NA12546.3.M_120202_4NA20811.1.M_111124_5NA12815.1.M_111124_3
HG00182.1.M_111124_4NA18487.1.M_120209_7
NA11930.3.M_120202_8

HG00277.1.M_120209_5
NA11831.7.M_120219_2HG00143.1.M_120209_7NA20536.1.M_111124_1NA19114.1.M_120209_8

NA19113.1.M_120209_1HG00274.6.M_120119_1NA20798.1.M_120209_7HG00336.1.M_120209_2NA20806.3.M_120202_5NA18499.1.M_111124_2NA19116.1.M_120209_3HG00276.2.M_111215_8HG00378.5.M_120131_5NA12154.5.M_120131_3NA12718.1.M_111124_7NA19108.1.M_120209_4NA20803.7.M_120219_1NA12872.2.M_111216_2HG00133.2.M_111216_2HG00185.1.M_111124_5HG00256.2.M_111215_7HG00125.1.M_111124_6HG00375.1.M_120209_2HG00114.1.M_120209_3NA12777.1.M_120209_4HG00156.4.M_120208_1NA11843.1.M_120209_5HG00349.1.M_120209_4NA11892.1.M_111124_2HG00263.6.M_120119_3NA19129.6.M_120217_1
NA19175.4.M_120208_8

HG00131.2.M_111215_5NA20787.6.M_120119_3NA11920.2.M_120131_1NA07051.5.M_120131_1
HG00135.3.M_120202_8HG00159.7.M_120219_6NA19197.3.M_120202_2NA12400.1.M_120209_7HG00272.7.M_120219_7HG00338.1.M_120209_3HG00311.4.M_120208_6NA19107.1.M_120209_4HG00334.2.M_111216_5NA12383.1.M_111124_3NA18517.1.M_120209_7NA20800.1.M_111124_5NA12827.3.M_120202_2NA19248.5.M_120131_1NA12763.2.M_111216_8NA19160.1.M_120209_5NA20814.2.M_111215_6NA19095.5.M_120131_5
HG00320.1.M_111124_1
HG00253.5.M_120131_7NA19150.1.M_120209_7NA20773.1.M_120209_7HG00188.1.M_111124_3HG00100.2.M_111215_8HG00117.5.M_120131_3HG00359.1.M_111124_6NA11992.1.M_120209_6HG00260.5.M_120131_7HG00284.1.M_111124_6NA19257.1.M_120209_1NA19172.1.M_120209_8NA18486.1.M_120209_6
NA18520.1.M_111124_1HG00106.4.M_120208_5HG00377.2.M_120131_2HG00328.2.M_111215_4HG00158.1.M_111124_8HG00285.3.M_120202_5NA19257.6.M_120119_2HG00117.7.M_120219_4NA18861.1.M_120209_2HG00096.1.M_111124_6HG00319.4.M_120208_7NA19198.2.M_111215_6NA12286.2.M_111216_1NA19152.4.M_120208_4NA19189.5.M_120131_7NA06986.7.M_120219_6NA19175.1.M_120209_2
HG00155.1.M_111124_2HG00235.1.M_111124_1NA12890.1.M_111124_3HG00326.1.M_111124_7NA19236.1.M_120209_5NA07037.6.M_120119_4NA12889.1.M_120209_4HG00355.6.M_120119_1NA20507.1.M_111124_7NA20508.1.M_111124_2NA11830.1.M_120209_6NA12275.7.M_120219_5NA19213.2.M_111215_6NA12842.6.M_120119_4NA07347.1.M_120209_7NA20543.2.M_111215_5NA19146.5.M_120131_5
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Geuvadis	  data:	  462	  full-‐coverage	  individuals	  

•  Total	  number	  of	  heterozygous	  sites	  with	  enough	  coverage	  across	  individuals:	  4,523,183	  
–  Unique	  SNPs:	  200,133	  

–  Median	  per	  sample:	  7,435	  	  

•  Total	  number	  sites	  with	  ASE	  p	  <	  0.01	  across	  individuals	  372,710	  

–  Unique	  SNPs:	  59,022	  

–  Median	  per	  sample:	  600	  (7.79%)	  



Allelic	  expression	  distance	  between	  individuals	  

Individual	  1	  

Individual	  2	  
A	  	  	  	  	  	  	  	  	  	  	  	  T	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G	  	  	  	  	  	  	  	  	  	  	  	  	  C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

A	  	  	  	  	  	  	  	  	  	  	  	  C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A	  	  	  	  	  	  	  	  	  	  	  	  	  T	  

	  	  	  	  	  	  	  	  	  	  	  	  T/total	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G/total	  	  	  	  C/total	  	  	  	  	  	  	  	  	  	  
	  	  NA	  	  	  	  	  	  	  0.8	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  NA	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.7	  	  	  	  	  	  	  	  	  0.5	  

A	  	  	  	  	  	  	  	  	  	  	  	  T	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G	  	  	  	  	  	  	  	  	  	  	  	  	  C	  

G	  	  	  	  	  	  	  	  	  	  	  	  C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A	  	  	  	  	  	  	  	  	  	  	  	  	  	  T	  

0.5	  	  	  	  	  	  	  0.55	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.8	  	  	  	  	  	  	  	  	  	  	  	  no	  coverage	  	  0.4	  
A/total	  	  T/total	  	  	  	  	  	  	  	  	  	  	  	  	  	  A/total	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  C/total	  

dist	  =	  median(	  c(abs(0.55-‐0.8),	  abs(0.4-‐0.5),	  …)	  
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Effect	  sites	  of	  regulatory	  events	  
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-‐ 	  for	  each	  SNP,	  what’s	  the	  proporGon	  of	  individuals	  having	  significant	  ASE	  in	  this	  SNP?	  -‐>	  
x-‐axis	  
-‐ 	  for	  each	  individual	  with	  ASE,	  calculate	  how	  far	  the	  allelic	  raGo	  is	  it	  from	  0.5	  =	  magnitude	  
of	  the	  cis	  regulatory	  effect	  -‐>	  y-‐axis	  
-‐ 	  rare	  effects	  have	  bigger	  effect	  sizes	  



What	  is	  the	  contribuGon	  of	  rare	  and	  common	  variants	  to	  
phenotypic	  (allelic	  raGo)	  difference	  between	  two	  individuals?	  	  
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For	  geneGc	  variants,	  when	  looking	  at	  the	  allele	  frequency	  of	  sites	  that	  are	  geneGcally	  discordant	  
between	  two	  individuals,	  much	  more	  are	  common	  (Fig	  1).	  When	  two	  individuals	  are	  ASE-‐discordant,	  in	  
the	  vast	  majority	  of	  cases	  the	  ASE	  effect	  is	  rare	  in	  the	  populaGon	  (Fig	  2).	  	  

Fig	  3	  is	  cumulaGve	  distance	  between	  individual	  pairs	  as	  a	  funcGon	  of	  ASE	  frequency.	  Rare	  ASE	  effects	  contribute	  
more	  mostly	  because	  there	  are	  so	  many	  of	  them,	  but	  their	  higher	  effect	  size	  (difference	  from	  the	  null)	  adds	  extra	  
couple	  of	  percent.	  The	  difference	  is	  very	  significant	  for	  the	  rare	  ASE	  effects.	  	  


