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Figure  S1.  Principal  components  analysis  of  the  HRC  data  using  unlinked,  common  SNPs,  showing  1000  
Genomes  populations  and  HRC  sequencing  cohorts  (A-C)  and  the  k-means  clustering  used  to  identify  
individuals  of  primarily  European  individuals.  The  European  individuals  were  chosen  from  K=8  clusters,  with  
EUR  individuals  identified  as  clusters  4,  5,  7,  &  8  to  exclude  the  majority  of  AFR,  EAS,  ADM,  and  SAS,  while  
retaining  a  core  set  of  EUR.  We  stress  that  this  was  not  meant  to  be  a  perfect  ancestry  assignment  procedure,  
only  to  identify  a  group  of  individuals  of  roughly  EUR  ancestry,  from  which  subsamples  of  varying  stratification  
could  be  identified.  
  
  
  



  
  



  



  
Figure  S4.  Narrow-sense  heritability  (h2)  estimates  using  Axiom  array  positions.  Each  horizontal  panel  indicates  the  minor  
allele  frequency  (MAF)  range  of  the  1,000  randomly  chosen  causal  variants  (CV),  with  the  range  specified  in  the  inset.  
Methods  are  listed  on  the  X-axis  as  follows:  Single  component  GREML  (GREML-SC),  MAF-stratified  GREML  (GREML-
MS),  LD-  &  MAF-stratified  GREML  (GREML-LDMS),  Single-component  Linkage  Disequilibrium-Adjusted  Kinships  (LDAK-
SC),  MAF-stratified  LDAK  (LDAK-MS),  Treelet  Covariance  Smoothing  (TCS),  Extended  Genealogy  with  Thresholded  
GRMs,  and  LD  Score  Regression  using  no  PCs  as  covariates  in  GWAS  or  using  PCs  as  covariates,  and  BOLT-REML.  
Symbols  represent  different  relatedness  cutoffs  (or  threshold,  t,  using  the  Threshold  GRMs  method).  Dotted  line  is  the  
simulated  (true)  h2  =  0.5.  Mean  (±SEM)  of  100  replicates  shown.  Colors  represent  the  4  subsamples  varying  in  genetic  
structure.  Estimates  >1  are  indicated  by  arrow.  



  
Figure  S5.  Narrow-sense  heritability  (h2)  estimates  using  whole  genome  sequence  data.  Each  horizontal  panel  indicates  
the  minor  allele  frequency  (MAF)  range  of  the  1,000  randomly  chosen  causal  variants  (CV),  with  the  range  specified  in  the  
inset.  Methods  are  listed  on  the  X-axis  as  follows:  Single  component  GREML  (GREML-SC),  MAF-stratified  GREML  
(GREML-MS),  LD-  &  MAF-stratified  GREML  (GREML-LDMS),  Single-component  Linkage  Disequilibrium-Adjusted  
Kinships  (LDAK-SC),  MAF-stratified  LDAK  (LDAK-MS),  Treelet  Covariance  Smoothing  (TCS),  Extended  Genealogy  with  
Thresholded  GRMs,  and  LD  Score  Regression  using  no  PCs  as  covariates  in  GWAS  or  using  PCs  as  covariates.  
Symbols  represent  different  relatedness  cutoffs  (or  threshold,  t,  using  the  Threshold  GRMs  method).  Dotted  line  is  the  
simulated  (true)  h2  =  0.5.  Mean  (±SEM)  of  100  replicates  shown.  Colors  represent  the  4  subsamples  varying  in  genetic  
structure.  Estimates  >1  are  indicated  by  arrow.  



  

  
Figure  S6.  Narrow-sense  heritability  (h2)  estimates  using  imputed  variants.  Each  horizontal  panel  indicates  the  minor  
allele  frequency  (MAF)  range  of  the  1,000  randomly  chosen  causal  variants  (CV),  with  the  range  specified  in  the  inset.  
Methods  are  listed  on  the  X-axis  as  follows:  Single  component  GREML  (GREML-SC),  MAF-stratified  GREML  (GREML-
MS),  LD-  &  MAF-stratified  GREML  (GREML-LDMS),  Single-component  Linkage  Disequilibrium-Adjusted  Kinships  (LDAK-
SC),  MAF-stratified  LDAK  (LDAK-MS),  Treelet  Covariance  Smoothing  (TCS),  Extended  Genealogy  with  Thresholded  
GRMs,  and  LD  Score  Regression  using  no  PCs  as  covariates  in  GWAS  or  using  PCs  as  covariates.  Symbols  represent  
different  relatedness  cutoffs  (or  threshold,  t,  using  the  Threshold  GRMs  method).  Dotted  line  is  the  simulated  (true)  h2  =  
0.5.  Mean  (±SEM)  of  100  replicates  shown.  Colors  represent  the  4  subsamples  varying  in  genetic  structure.  Estimates  >1  
are  indicated  by  arrow.  



  
  

  
Figure  S7.  Using  Axiom  array  positions,  the  estimates  of  the  empirical  standard  deviation  of  the  h2  estimates  (-)  from  100  
replicates  and  the  mean  of  the  estimated  standard  error  from  the  individual  replicates  (o).  Shown  are  results  using  
individuals  with  a  relatedness  cutoff  of  <0.05;;  results  for  relatedness  <0.1  nearly  identical  and  not  shown.  Most  TCS  and  
MAF-partitioned  LD  score  regression  estimates  >0.2.  Estimates  >0.2  are  indicated  by  arrow.    
  
  



Figure  S8.  Using  whole  genome  sequence  data,  the  estimates  of  the  empirical  standard  deviation  of  the  h2  estimates  (-)  
from  100  replicates  and  the  mean  of  the  estimated  standard  error  from  the  individual  replicates  (o).  Shown  are  results  
using  individuals  with  a  relatedness  cutoff  of  <0.05;;  results  for  relatedness  <0.1  nearly  identical  and  not  shown.  Most  TCS  
and  MAF-partitioned  LD  score  regression  estimates  >0.2.  Estimates  >0.2  are  indicated  by  arrow.    
  



  
Figure  S9.  Using  imputed  variants,  the  estimates  of  the  empirical  standard  deviation  of  the  h2  estimates  (-)  from  100  
replicates  and  the  mean  of  the  estimated  standard  error  from  the  individual  replicates  (o).  Shown  are  results  using  
individuals  with  a  relatedness  cutoff  of  <0.05;;  results  for  relatedness  <0.1  nearly  identical  and  not  shown.  Most  TCS  and  
MAF-partitioned  LD  score  regression  estimates  >0.2.  Estimates  >0.2  are  indicated  by  arrow.    
  
  
  



Figure  S10.  Narrow-sense  heritability  (h2SNP)  estimates  using  commercial  array  positions  from  either  the  Affymetrix  Axiom  
or  the  Illumina  Omni2.5.  Each  horizontal  panel  indicates  the  minor  allele  frequency  (MAF)  range  of  the  1,000  randomly  
chosen  causal  variants  (CV),  with  the  range  specified  in  the  inset.  Methods  are  listed  on  the  X-axis  as  follows:  Single  
component  GREML  (GREML-SC)  with  either  only  common  SNPs  (MAF>0.01)  or  all  used  to  estimate  the  GRM,  MAF-
stratified  GREML  (GREML-MS).  Symbols  represent  different  relatedness  cutoffs  (or  threshold,  t,  using  the  Threshold  
GRMs  method).  Dotted  line  is  the  simulated  (true)  h2  =  0.5.  Mean  (±SEM)  of  100  replicates  shown.  Colors  represent  the  4  
subsamples  varying  in  genetic  structure.  



  



  
  



  

  



  
  
  
  
  
  



  
  
  
  



  



  



  

  



  

  



  

  
  
  



  
  
Figure  S21.  Genomic  control  inflation  factor,  lGC  as  a  function  of  FST  and  the  number  of  causal  variants  M  (A,  B),  and  the  
mean  difference  in  liability  between  two  populations    (∆y1,2)  (C,  D).  To  confirm  that  the  inflation  of  lGC  was  due  to  structure  
rather  than  spurious  results,  we  simulated  a  simple  case/control  GWAS  dataset,  testing  common  simulated  SNPs  from  
two  populations  with  varying  degrees  of  structure  (FST)  and  polygenicity.  We  simulated  genotypes  as  in  Zaitlen  et  al.  
(2014)  from  two  populations  (N=2,000  individuals  in  each)  using  h2  =  0.5.  We  created  phenotypes  for  M  =  10,  50,100,  
500,  1000,  5000,  10000,  25000,  50000,  75000,  and  100000  causal  variants.  We  repeated  this  process  for  FST  between  
0.001  and  0.101,  in  increments  of  0.001.  We  created  independent  sets  of  10,000  unassociated  markers  for  each  of  the  
phenotypic  datasets  created  under  different  levels  of  polygenicity  and  differentiation  (FST),  creating  null  sets  of  markers  to  
determine  if  lGC  was  inflated  under  the  true  null  hypothesis  of  no  association.  We  tested  each  of  the  10,000  unassociated  
markers  for  association  using  an  Armitage  Trend  test.  The  figure  demonstrates  that  when  there  is  no  true  association,  
increasing  levels  of  FST  lead  to  inflation  of  lGC  (A,  B).  This  is  due  to  the  larger  variability  in  the  mean  difference  in  liability  
between  the  populations  (C,  D).  It  should  be  noted  that  the  expected  mean  liability  difference  between  populations  is  still  
zero,  and  that  is  the  observed  mean  across  the  range  of  values  we  simulated.  However,  the  variance  increases  with  
larger  FST,  leading  to  chance,  stronger  associations  when  the  allele  frequencies  of  unassociated  test  markers  differ  
between  the  two  populations.  Increasing  polygenicity  mitigates  this  effect  to  some  extent,  particularly  at  FST  levels  
observed  commonly  within  GWAS  datasets.  However,  the  impact  of  higher  FST  appears  to  outweigh  the  impact  of  more  
causal  markers.  Inflation  of  lGC  is  eliminated  when  the  phenotypes  are  drawn  from  distributions  with  the  same  mean  (e.g.,  
normally-distributed  liability  scores  with  mean  0,  unit  variance,  or  an  equal  number  of  cases/controls  in  each  population).  
Thus,  when  no  chance  phenotypic  difference  exists  between  population  means,  the  inflation  vanishes.  Importantly,  
environmental  factors  that  vary  among  populations  will  also  lead  to  spurious  associations,  a  point  well  established  that  we  
did  not  simulate  here.  Thus,  confounding  effects  of  population  stratification  require  careful  control  when  estimating  h2  from  
GWAS  statistics,  or  evaluating  the  GWAS  statistics  themselves.  



  
  

  


