### Meta-analysis of two prostate cancer data sets; the result is not very good but just for demonstration purpose ###

directory<-"C:\\courses\\2012 genomic data analysis I\\120302 lab4\\"

Yu<-read.table(paste(directory, "Yu.txt", sep=""), sep="\t")   ##HGU95Av2
Yu<-na.omit(Yu)

Magee<-read.table(paste(directory, "Magee.txt", sep=""), sep="\t")  ##HG6800

Magee[Magee<10]<-10  

Magee<-log2(Magee)

######  Gene matching across two studies #######
source("http://bioconductor.org/biocLite.R")

biocLite("hu6800.db")

biocLite("hgu95av2.db")
library("hu6800.db")

library ("hgu95av2.db")

x <- hu6800SYMBOL

Magee.symbol<-mget(row.names(Magee), x)

x <- hgu95av2SYMBOL

Yu.symbol<-mget(row.names(Yu), x)

length(unlist(Magee.symbol))

length(unlist(Yu.symbol))

all.symbols<-intersect(unlist(Magee.symbol), unlist(Yu.symbol))

all.symbols<-all.symbols[!is.na(all.symbols)]

length(all.symbols)

new.Magee<-data.frame(matrix(NA, length(all.symbols), ncol(Magee)), row.names=all.symbols)
names(new.Magee)<-names(Magee)

new.Yu<-data.frame(matrix(NA, length(all.symbols), ncol(Yu)) , row.names=all.symbols)

names(new.Yu)<-names(Yu)

for(i in 1:length(all.symbols))

{


index<-as.numeric(which(all.symbols[i] == unlist(Magee.symbol)))


if(length(index)==1) new.Magee[i,]<-Magee[index,]


else 
{



IQRs<-apply(Magee[index,], 1, IQR, na.rm=T)

new.Magee[i,]<-Magee[index[order(IQRs, decreasing=T)[1]],]  ## “which.max” function should be faster
}
}

for(i in 1:length(all.symbols))

{


index<-as.numeric(which(all.symbols[i] == unlist(Yu.symbol)))


if(length(index)==1) new.Yu[i,]<-Yu[index,]


else 
{



IQRs<-apply(Yu[index,], 1, IQR, na.rm=T)

new.Yu[i,]<-Yu[index[order(IQRs, decreasing=T)[1]],]  ## “which.max” function should be faster
}

}

######## Perform t-test and get p-values ########

t.test.pvalue<-function(x, index)  ## “rowFtests” in “genefilter” package is a faster routine than this function ##
{ 

x<-as.numeric(x)


if(var(x)>0 & length(x[index==0])>0 & length(x[index==1])>0) return(t.test(x[index==0], x[index==1])$p.value)


else return(NA)

}

new.Magee.ttest.pvalue<-unlist(apply(new.Magee, 1, t.test.pvalue, index=c(rep(0, 4), rep(1, 8))))
new.Yu.ttest.pvalue<-unlist(apply(new.Yu, 1, t.test.pvalue, index=c(rep(0, 23), rep(1, 66))))
######## Individual study analysis in Magee and Yu ##############
Magee.qvalue<-p.adjust(new.Magee.ttest.pvalue, method = "BH")

length(which(Magee.qvalue<0.05))  ## only 2 biomarker found at FDR=5%

Yu.qvalue<-p.adjust(new.Yu.ttest.pvalue, method = "BH")

length(which(Yu.qvalue<0.05))  ## 1035 biomarkers found at FDR=5%

######## meta-analysis ############
data<-cbind(new.Magee.ttest.pvalue, new.Yu.ttest.pvalue)

## use Fisher’s method to combine Magee and Yu

Fisher<- -2*log(new.Magee.ttest.pvalue)-2*log(new.Yu.ttest.pvalue)

Fisher.pvalue<-1-pchisq(Fisher, 2*2)

Fisher.qvalue<-p.adjust(Fisher.pvalue, method = "BH")

length(which(!is.na(Fisher.qvalue) & Fisher.qvalue<0.05))   ##948 biomarkers found at FDR=5%

## use maxP statistics to combine Magee and Yu

maxP<-apply(data, 1, max)

maxP.pvalue<-pbeta(maxP, 2,1)
maxP.qvalue<-p.adjust(maxP.pvalue, method = "BH")

length(which(!is.na(maxP.qvalue) & maxP.qvalue<0.05))   ## 220 biomarkers found at FDR=5%
## heatmap of detected genes by Fisher’s method and maxP ##

temp <-new.Magee.Fisher.scaled<- new.Magee[which(Fisher.qvalue<0.05),]

temp2 <-new.Yu.Fisher.scaled<- new.Yu[which(Fisher.qvalue<0.05),]

for(i in 1:nrow(temp))

{


new.Magee.Fisher.scaled[i,]<-(temp[i,]-mean(as.numeric(temp[i,])))/sd(as.numeric(temp[i,]))

new.Yu.Fisher.scaled[i,]<-(temp2[i,]-mean(as.numeric(temp2[i,]),))/sd(as.numeric(temp2[i,]))

}

Fisher.data<-cbind(new.Magee.Fisher.scaled, matrix(NA, nrow(new.Yu.Fisher.scaled ), 1), new.Yu.Fisher.scaled)

heatmap(as.matrix(Fisher.data) , Colv=NA, scale="none", col=rgb(c(rep(0, 16), 0, 1:16)/16, c(16:1, 0, rep(0, 16))/16, rep(0, 33)))
temp <-new.Magee.maxP.scaled<- new.Magee[which(maxP.qvalue<0.05),]

temp2 <-new.Yu.maxP.scaled<- new.Yu[which(maxP.qvalue<0.05),]

for(i in 1:nrow(temp))

{


new.Magee.maxP.scaled[i,]<-(temp[i,]-mean(as.numeric(temp[i,])))/sd(as.numeric(temp[i,]))

new.Yu.maxP.scaled[i,]<-(temp2[i,]-mean(as.numeric(temp2[i,]),))/sd(as.numeric(temp2[i,]))

}

maxP.data<-cbind(new.Magee.maxP.scaled, matrix(NA, nrow(new.Yu.maxP.scaled ), 1), new.Yu.maxP.scaled)
heatmap(as.matrix(maxP.data) , Colv=NA, scale="none", col=rgb(c(rep(0, 16), 0, 1:16)/16, c(16:1, 0, rep(0, 16))/16, rep(0, 33)))
######################### Gene set enrichment (pathway) analysis ##########################
####### GSA package ##########

## Input contains the row data matrix and clinical variable, cannot work for a given biomarker list ##

biocLite("GSA")

library(GSA)

go.gmt<-GSA.read.gmt(paste(directory, "c5.all.v2.5.symbols.gmt", sep=""))  ## GO terms database from Broad Institute database
new.Magee.GSA<-GSA(new.Magee, c(rep(1, 4), rep(2, 8)), go.gmt[[1]], row.names(new.Magee), method="maxmean", resp.type="Two class unpaired")
go.gmt[[2]][which(new.Magee.GSA$pvalues.hi<=0.05)]

new.Yu.GSA<-GSA(new.Yu, c(rep(1, 4), rep(2, 8)), go.gmt[[1]], row.names(new.Yu), method="maxmean", resp.type="Two class unpaired")

go.gmt[[2]][which(new.Yu.GSA$pvalues.hi<=0.05)]

########## GOstats #########

##### GSA and GSEA only allow inputs of original data matrix and clinical variable. It does not analyze an input of biomarker list (e.g. a biomarker list from meta-analysis. The “GOstats” package has a function “hyperGTest” that works for this purpose. 
biocLite("annotate")

biocLite("GO.db")

biocLite("KEGG.db")

biocLite("Rgraphviz")

biocLite("GOstats")
biocLite("org.Hs.eg.db")
library(annotate)

library(KEGG.db)

library(GO.db)

library(GOstats)
library("org.Hs.eg.db")
x <- org.Hs.egSYMBOL2EG

all.EG<-unlist(mget(all.symbols, x))

maxP.biomarkers<-row.names(maxP.data)

maxP.EG<-unlist(mget(maxP.biomarkers, x))

GOParams<-new("GOHyperGParams", ontology="BP", conditional=T, geneIds= unique(maxP.EG), universeGeneIds= all.EG, annotation="hgu95av2")
maxP.hyp<-hyperGTest(GOParams)
cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10))

getGOTerm(names(pvalues(maxP.hyp)[1:10]))

cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10), unlist(getGOTerm(names(pvalues(maxP.hyp)[1:10]))))
GOParams<-new("GOHyperGParams", ontology="MF", conditional=T, geneIds= unique(maxP.EG), universeGeneIds= all.EG, annotation="hgu95av2")

maxP.hyp<-hyperGTest(GOParams)
cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10))

getGOTerm(names(pvalues(maxP.hyp)[1:10]))

cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10), unlist(getGOTerm(names(pvalues(maxP.hyp)[1:10]))))

GOParams<-new("GOHyperGParams", ontology="CC", conditional=T, geneIds= unique(maxP.EG), universeGeneIds= all.EG, annotation="hgu95av2")

maxP.hyp<-hyperGTest(GOParams)
cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10))

getGOTerm(names(pvalues(maxP.hyp)[1:10]))

cbind(pvalue=pvalues(maxP.hyp)[1:10], maxP.EG.count=geneCounts(maxP.hyp)[1:10], GO.count=universeCounts(maxP.hyp)[1:10], maxP= rep(geneMappedCount(maxP.hyp), 10), all= rep(universeMappedCount(maxP.hyp), 10), unlist(getGOTerm(names(pvalues(maxP.hyp)[1:10]))))
