
Nice	
  R	
  package	
  for	
  making	
  heatmaps	
  
pheatmap	
  

h3p://cran.r-­‐project.org/
web/packages/pheatmap/

index.html	
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>library(pheatmap)	
  

>pheatmap(cor(exp),cluster_rows=F,cluster_cols=F)	
  

>pheatmap(cor(exp))	
  



>means=apply(exp,1,mean)	
  	
  
#	
  means	
  of	
  rows	
  

>explc=exp-­‐means	
  	
  
#	
  subtracIng	
  them	
  

>pdf
(”file_name",height=35,width=9)	
  

>pheatmap(as.matrix(explc),color	
  
=	
  colorRampPale3e(rev(c
("#D73027","#D73027","#D73027
","#FEE090","#FFFFBF",	
  
"#91BFDB","#4575B4","#4575B4")
))
(100),cex=0.9,border_color=NA,cl
ustering_distance_rows="correlaI
on",clustering_distance_cols="cor
relaIon")	
  

>dev.off()	
  



WGCNA	
  

Special	
  thanks	
  to	
  Rachel	
  Wright	
  for	
  slides	
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Extensive	
  Tutorials	
  Online	
  

•  h3p://labs.geneIcs.ucla.edu/horvath/
CoexpressionNetwork/Rpackages/WGCNA/
Tutorials/	
  

•  h3p://labs.geneIcs.ucla.edu/horvath/
CoexpressionNetwork/Rpackages/WGCNA/	
  

•  R	
  package	
  
>source("h3p://bioconductor.org/biocLite.R")	
  

>biocLite("impute")	
  

>install.packages("WGCNA")	
  



WGCNA:	
  weighted	
  gene	
  coexpression	
  
network	
  analysis	
  

•  IdenIfy	
  groups	
  (modules)	
  of	
  co-­‐regulated	
  genes	
  	
  
•  Correlate	
  module	
  expression	
  values	
  to	
  trait	
  data	
  



Benefits	
  of	
  WGCNA	
  

•  Unsupervised	
  and	
  unbiased	
  
– Bypasses	
  mulIple	
  tesIng	
  correcIon	
  

•  Finds	
  unique	
  co-­‐expression	
  modules	
  that	
  
correspond	
  to	
  clusters	
  of	
  correlated	
  
transcripts	
  



What	
  kind	
  of	
  data	
  do	
  you	
  need?	
  

•  Normalized	
  counts	
  data	
  files	
  (.csv)	
  
– VSD	
  file:	
  variance	
  transformed	
  counts	
  data	
  

•  Generated	
  from	
  DESeq	
  

– The	
  tutorial	
  you	
  use	
  depends	
  on	
  how	
  large	
  your	
  
dataset	
  is	
  (18000	
  genes?	
  Or	
  2000	
  genes?)	
  

•  Trait	
  Data	
  
– Made	
  in	
  excel,	
  saved	
  as	
  .csv	
  



VSD	
  file	
  
•  >	
  cdsBlind	
  =	
  esImateDispersions(	
  cds,	
  
method="blind”	
  )	
  

•  >	
  vsd	
  =	
  varianceStabilizingTransformaIon
(	
  cdsBlind	
  )	
  



Trait	
  Data	
  file	
  (upload	
  in	
  R	
  as	
  .csv)	
  

•  Categorical	
  or	
  quanItaIve	
  traits	
  
•  Examples:	
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Overview	
  of	
  WGCNA	
  methodology.	
  This	
  flowchart	
  presents	
  a	
  brief	
  overview	
  of	
  the	
  main	
  steps	
  
of	
  Weighted	
  Gene	
  Co-­‐expression	
  Network	
  Analysis.	
  
Langfelder	
  and	
  Horvath	
  BMC	
  BioinformaIcs	
  2008	
  9:559	
  	
  	
  doi:10.1186/1471-­‐2105-­‐9-­‐559	
  



Clustering	
  dendrogram	
  of	
  top	
  host	
  DEGs,	
  with	
  dissimilariIes	
  based	
  on	
  
topological	
  overlap	
  shown	
  with	
  assigned	
  module	
  colors	
  (Dynamic	
  tree	
  cut)	
  
and	
  upon	
  merging	
  modules	
  whose	
  expression	
  profiles	
  were	
  75%	
  similar	
  

(Merged	
  dynamic).	
  	
  

Step	
  2:	
  IdenIfying	
  modules	
  
Dendrogram	
  and	
  gene	
  modules	
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Step	
  3:	
  Relate	
  Modules	
  to	
  external	
  informaIon	
  	
  

Module-trait relationships
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How	
  well	
  do	
  your	
  modules	
  represent	
  your	
  traits?	
  	
  
•  Module	
  Eigengene	
  concept	
  

–  Baseline	
  expression	
  in	
  the	
  module	
  
–  “The	
  module	
  eigengene	
  E	
  is	
  defined	
  as	
  the	
  first	
  principal	
  component	
  of	
  a	
  given	
  

module.	
  It	
  can	
  be	
  considered	
  a	
  representaIve	
  of	
  the	
  gene	
  expression	
  profiles	
  
in	
  a	
  module.”	
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kME	
  concept	
  
•  High	
  kME	
  (MM)	
  values	
  =	
  high	
  correlaIon	
  to	
  the	
  eigengene	
  
•  “Highly	
  connected	
  intramodular	
  hub	
  genes	
  tend	
  to	
  have	
  high	
  module	
  

membership	
  values	
  to	
  the	
  respecIve	
  module.”	
  
•  kME	
  values	
  are	
  useful	
  for	
  selecIng	
  the	
  “most	
  important”	
  genes	
  within	
  a	
  

module	
  	
  	
  
•  “Gene	
  significance	
  of	
  0	
  indicates	
  that	
  the	
  gene	
  is	
  not	
  significant	
  with	
  

regard	
  to	
  the	
  biological	
  quesIon	
  of	
  interest”	
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An	
  Example:	
  
•  Gene$c	
  programs	
  in	
  human	
  and	
  mouse	
  early	
  embryos	
  

revealed	
  by	
  single-­‐cell	
  RNA	
  sequencing	
  	
  

–  Zhigang	
  Xue1*,	
  Kevin	
  Huang2*	
  et	
  al	
  	
  
•  Analysis	
  of	
  transcriptome	
  dynamics	
  from	
  oocyte	
  to	
  morula	
  in	
  

both	
  human	
  and	
  mouse	
  embryos	
  

–  Single-­‐cell	
  RNAseq	
  
•  They	
  found	
  that	
  each	
  developmental	
  stage	
  is	
  represented	
  by	
  a	
  

small	
  number	
  of	
  funcIonal	
  modules	
  of	
  co-­‐expressed	
  genes	
  

•  They	
  also	
  idenIfied	
  conserved	
  key	
  members	
  (or	
  ‘hub’	
  genes)	
  of	
  
human	
  and	
  mouse	
  networks	
  that	
  likely	
  drive	
  mammalian	
  pre-­‐
implantaIon	
  development	
  



Z	
  Xue	
  et	
  al.	
  Nature	
  000,	
  
1-­‐5	
  (2013)	
  doi:10.1038/
nature12364	
  

Network	
  analysis	
  of	
  human	
  pre-­‐
implantaIon	
  development.	
  



Comparing	
  data	
  sets	
  with	
  module	
  
conservaIon	
  analysis	
  

Experiment	
  
A	
  

Experiment	
  
B	
  

?	
  



A:	
  Gene	
  expression	
  analysis	
  of	
  Acropora	
  millepora	
  
larvae	
  challenged	
  with	
  viruses	
  and	
  heat	
  



B:	
  Gene	
  expression	
  analysis	
  of	
  adult	
  Acropora	
  
hyacinthus	
  affected	
  by	
  White	
  Syndrome	
  

Diseased	
   Healthy	
  

RNA-­‐Seq	
  



The	
  two	
  experiments	
  are	
  common	
  in	
  
genus	
  and	
  type	
  of	
  stress…	
  

but	
  differ	
  in	
  species,	
  life-­‐stage,	
  and	
  
pathogen	
  

Virus	
  (A)	
   Disease	
  (B)	
  



Hypothesis	
  

Common	
  networks	
  may	
  represent	
  vital	
  evoluIonarily	
  
conserved	
  components	
  of	
  the	
  coral	
  stress	
  response	
  



IdenIfy	
  gene	
  networks	
  in	
  both	
  data	
  sets	
  



Assign	
  modules	
  to	
  the	
  virus	
  data	
  set	
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Impose	
  the	
  virus	
  modules	
  on	
  the	
  
disease	
  data	
  set	
  

0.
65

0.
75

0.
85

0.
95

Gene dendrogram and module colors (D)

d

H
ei
gh
t

Modules



Three	
  modules	
  were	
  significantly	
  
preserved	
  between	
  the	
  data	
  sets	
  



The	
  green	
  module	
  correlates	
  with	
  heat	
  stress	
  



	
  FuncIons	
  include	
  regulaIon	
  of	
  cell	
  
division,	
  transcripIon,	
  and	
  protein	
  

modificaIon	
  



The	
  salmon	
  module	
  correlates	
  with	
  viral	
  challenge	
  



FuncIons	
  include	
  members	
  of	
  the	
  
innate	
  immune	
  response	
  




