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This Vignette includes R source codes to run the FAIME.5 algorithm using demo data.

We introduce the function rungeneZpathway which is an improved tool for the Functionally Analyzing
Individualized Microarray and next generation sequencing data (FAIME) by taking into account of previously
defined gene-sets. It compares the cumulative quantitative effects of genes inside an ontology (set of
functionally related genes) with those outside, thus overcoming a number of difficulties in prior gene-set
enrichment methods [1].

R source code

The input of the function rungene2pathway:

- dat: A data frame or matrix of gene expression measurements. The rows of dat correspond to genes, and
the columns correspond to samples. Note that official gene symbols must label the rows, and the values
contained in dat should be either finite or NA.

- gsmap: A list or an R GSA.gene-sets object to define gene-set. Users can call the GSA.read.gmt function
in the R package GSA to load customized gene-sets with a .gmt format.

- alpha: A positive integer, 5 by default. A higher value puts more weights on the most highly-valued ranks
than the lower-valued ranks.

- logCheck: A Boolean value, FALSE by default. When being TRUE, the function takes the log-transformed
values of all values in dat when any value is larger than 20.

- na.rm: A Boolean value indicates whether to keep missing values when the parameter method=“FAIME”.
By default, it is FALSE.

Below are the R scripts for the function rungene2pathway which calls the internal function FAIME:

rungene2pathway <- function(dat,gsmap,alpha=5,logCheck=FALSE,method=c("FAIME") ,na.rm=FALSE){
if (missing(method)){method="FAIME"}
if (missing(alpha)){alpha=53}
if (missing(na.rm)){na.rm=FALSE}
if (missing(logCheck)){logCheck=FALSE}
if (is.data.frame(dat)==FALSE & is.matrix(dat)==FALSE){
stop("Error: input should be a data frame or a matrix")}

if (class(gsmap)=="GSA.genesets"){
seeds <- gsmap$geneset.names
res <- matrix(nrow=length(seeds), ncol=ncol(dat))
for(i in 1:length(seeds)){
for(j in 1:ncol(dat)){
res[i,j] <- FAIME(sampleExp=datl[,j], GeneID=toupper (rownames(dat)),
Geneset=toupper (gsmap$genesets[[i]]),



alpha=alpha, logCheck=logCheck,na.rm=na.rm)
}#5 loop
i loop
}else if(class(gsmap)=="1ist"){
if (is.null(names(gsmap))){stop ("please give the names of gsmap as a list")}
seeds <- names(gsmap)
res <- matrix(nrow=length(seeds), ncol=ncol(dat))
for(i in 1:length(seeds)){
for(j in 1:ncol(dat)){
res([i,j] <- FAIME(sampleExp=datl[,j],GeneID=toupper (rownames(dat)),
Geneset= toupper(gsmap[[i]]), alpha=alpha,
logCheck=1logCheck,na.rm=na.rm)
}#5 loop
i loop
}Y#class loop

rownames (res) <- seeds

colnames(res) <- c(paste(colnames(dat),"2pathscore",sep=""))
print("gene2pathay calculates score....... done")
return(res)
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FAIME <- function(sampleExp, GenelID, Geneset, alpha, logCheck,na.rm){
if (class(sampleExp) !="numeric"){sampleExp <-as.numeric(levels(sampleExp)) [sampleExp]?}
if (logCheck) {if (max (sampleExp, na.rm=TRUE) > 20) {sampleExp <- log2(sampleExp)}}
if (length(sampleExp) !=length(GeneID)){
stop("Error: GeneID information is missing or not correct!")}

N <- length(GeneID)
GeneID_NalInSet <- GenelID[which(!GeneID %inj, Geneset)]

#Step 1: Calculation of weighted rank of gene expression
rankedExp <- rank(sampleExp, na.last="keep")

rankscore <- rankedExp*exp((rankedExp/N*alpha)-alpha)
#Step 2:

x1 <- which(GeneID %in% Geneset)

x2 <- which(GeneID %in% GeneID_NaInSet)

ST <- sum(rankscore[x1], na.rm=TRUE)/length(x1)

SN <- sum(rankscore[x2], na.rm=TRUE)/length(x2)

y <- sum(ST, -SN, na.rm=na.rm)

return(y)

Example

Step 1. Get gene expression data “leukemia” from the R package GSVA.

A filtering of probesets with the lowest IQR is performed in the demo to save running time but not necessary.



library (GSEABase)

library(GSVAdata)

library(genefilter)

library (GSVA)

data(leukemia)

dim(leukemia_eset)

## Features Samples

## 12626 37

filtered_eset <- nsFilter(leukemia_eset, require.entrez=TRUE, remove.dupEntrez=TRUE,
var.func=IQR, var.filter=TRUE, var.cutoff=0.5, filterByQuantile=TRUE,

dim(dat_exp)

## [1] 4318

head(dat_exp)
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feature.exclude=""AFFX")
leukemia_filtered_eset <- filtered_eset$eset
dat_exp<-as.data.frame(exprs(leukemia_filtered_eset))
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## 191_at 9.682976

Step 2. Replace Affymetrix probeset ID with gene hgnc_symbols as the row-
names of the R data object “leukemia”.

As a demo, we run FAIME only with the first 4 samples.

If there are more than one rows of expression for the same gene, we recommend collapsing this gene into one
row with the highest value (maximum) within the column for that gene. The Bioconductor package WGCNA
provides several methods to select the row. In this demo, we use the first row for simplicity.

library(biomaRt)
ensembl = useMart("ensembl")
ensembl = useDataset("hsapiens_gene_ensembl",mart=ensembl)
ID_symbol <- getBM(attributes=c("affy_hg u95a","hgnc_symbol"), filters = "affy_hg u95a",
values = rownames(dat_exp), mart = ensembl)
ID_symbol<-ID_symbol [ID_symbol$hgnc_symbol!="",]
mdat <- as.data.frame(matrix(, nrow = 0, ncol = 2, byrow = TRUE,
dimnames = 1list(NULL,c("affy_hg u95a", "hgnc_symbol"))))
for(i in 1:length(unique(ID_symbol$hgnc_symbol))){
sub<-ID_symbol [ID_symbol$hgnc_symbol==unique (ID_symbol$hgnc_symbol) [i],]
mdat<-rbind(mdat,subl[1,])
}
dat_exp$affy_hg u95a<-rownames(dat_exp)
dat_exp_fil<-merge(dat_exp,mdat,by="affy_hg u95a",all=F)
rownames (dat_exp_fil)<-dat_exp_fil$hgnc_symbol
dat_exp_fil<-dat_exp_fil[,2:5]
dim(dat_exp_£fil)
## [1] 4449 4
head(dat_exp_£fil)

#i# CL2001011101AA.CEL CL2001011102AA.CEL CL2001011104AA.CEL
## MAPK3 11.354426 10.932543 11.185906
## TIE1 9.185470 8.823661 8.687186
## DUSP1 13.717107 14.469777 13.713944
## HINT1 12.683549 13.818987 13.233068
## DYRK4 9.205476 10.190301 9.117263
## YWHAE 10.323587 9.434503 11.261651
#i# CL2001011105AA.CEL
## MAPK3 11.251631
## TIE1 8.958305
## DUSP1 13.415991
## HINT1 12.915500
## DYRK4 9.688376
## YWHAE 9.609229

Step 3. Download the genesets data (Msigdb version 4, collection c2.cgp) from
the website to local directory.

The users can find the MSigdb collection at: http://www.broadinstitute.org/gsea/msigdb/collections.jsp
Please assign the parameter mygmt to your local directory before running the demo.


http://www.broadinstitute.org/gsea/msigdb/collections.jsp

library (GSA)
mygmt<-"G:/projects/Share/MsigDB/c2.cgp.v4.0.symbols.gmt"
Msig<-GSA.read.gmt (mygmt)

Step 4. Run the function with the default parameter set.

res<-rungene2pathway(dat=dat_exp_£fil,gsmap=Msig)

## [1] "gene2pathay calculates score....... done"

head(res)

## CL2001011101AA.CEL2pathscore
## NAKAMURA_CANCER_MICROENVIRONMENT_UP -578.18675
## NAKAMURA_CANCER_MICROENVIRONMENT_DN -408.05464
## WEST_ADRENOCORTICAL_TUMOR_MARKERS UP -91.37237
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_DN 139.48609
## WINTER_HYPOXIA_UP 380.22178
## WINTER_HYPOXIA_DN 66.89387
## CL2001011102AA.CEL2pathscore
## NAKAMURA_CANCER_MICROENVIRONMENT_UP -469.66161
## NAKAMURA_CANCER_MICROENVIRONMENT_DN -384.09149
## WEST ADRENOCORTICAL_TUMOR_MARKERS UP -32.41900
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_DN 182.15191
## WINTER_HYPOXIA_UP 529.62249
## WINTER_HYPOXIA_DN -24.69069
## CL2001011104AA.CEL2pathscore
## NAKAMURA_CANCER_MICROENVIRONMENT_UP -643.64627
## NAKAMURA_CANCER_MICROENVIRONMENT_DN -295.01335
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_UP -132.99217
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_DN 223.50142
## WINTER_HYPOXIA_UP 538.36660
## WINTER_HYPOXIA_DN 21.03335
## CL2001011105AA.CEL2pathscore
## NAKAMURA_CANCER_MICROENVIRONMENT_UP -450.80775
## NAKAMURA_CANCER_MICROENVIRONMENT_DN -427.75050
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_UP 35.13746
## WEST_ADRENOCORTICAL_TUMOR_MARKERS_DN 349.43553
## WINTER_HYPOXIA_UP 322.19420
## WINTER_HYPOXIA_DN 18.64051
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