
Data	  normalization:
Affymetrix :	  RMA	  normalization
Agilent:	  quantile	  normalization	  and	  log2	  transformed
RNAseq:	  normalized	  read	  count	  and	  log2	  transformed

RAW	  Data:
1.	  From	  GEO	  or
2.	  From	  study	  investigator

Probe	  expression	  matrix

Probe	  to	  gene	  mapping:
1. Using	  GEO	  annotation	  if	  available
2. Otherwise	  using	  biomart annotation	  

Gene	  expression	  matrix

1.	  DE	  genes	  and
2.	  Effect	  sizes	  and	  
variances	  of	  all	  genes

Probe	  expression	  matrix	  
(	  without	  outliers)

Remove	  outliers	  using	  Bolstad’s RLE	  method	  

Identify	  DE	  genes	  using	  LIMMA	  in	  R,	  
adjusting	  for:	  age,	  sex,	  race	  and	  smoking	  
status	  (if	  available)	  and	  batch	  (if	  needed)

Gene	  level:
Pooled	  effect	  size
Meta	  p	  value
Study	  heterogeneity

Meta	  analysis	  using	  inverse	  variance	  model	  
with	  a	  random	  effects using	  R	  package	  meta	  

Identify	  DE	  gene	  sets	  using	  GSVA,	  
adjusting	  for:	  age,	  sex,	  race	  and	  smoking	  
status	  (if	  available)	  and	  batch	  (if	  needed)

1.	  DE	  gene	  sets	  and
2.	  Effect	  sizes	  and	  
variances	  of	  all	  gene	  sets

Gene	  set	  level:
Pooled	  effect	  size
Meta	  p	  value
Study	  heterogeneity

Meta	  analysis	  using	  inverse	  variance	  model	  
with	  a	  random	  effects	  using	  R	  package	  meta	  

Enriched	  Gene	  sets:
Up	  (25)	  and	  Down	  (16)-‐
regulated	  gene	  sets

Up	  (810)	  and	  Down	  (463)-‐
regulated	  genes

Genes	  passing	  the	  threshold
(FDR	  <	  0.05	  &	  K>1	  )

Gene	  sets	  passing	  the	  threshold
(FDR	  <	  0.05	  &	  |Effect	  size|	  >	  0.5	  &	  K>1	  )

Gene	  sets	  from	  
Enrichr

Gene	  level	  analysis

Gene	  set	  analysis

Single	  study	  analysis

Meta-‐analysis
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Supplementary Figure 1. Flowchart of workflow from data acquisition through meta-analysis.




