Dear Editor of Discover Oncology journal
[bookmark: _GoBack]This study provides relevant codes for bioinformatics analysis and the original results of Western blotting.

1.Western blotting

[image: 全膜4]



2. About R software analysis related code

(1)Transcriptome data analysis and organization

###
library(limma)
library(impute)

setwd("")
data0=read.table("ann.txt",header = T,sep = "\t")
data1=read.table("",header = T,sep = "\t")
data2=merge(data0,data1,by="ID")
data2=data2[-1]
write.table(data2,"data.txt",sep = "\t",quote = F,row.names = F)

mydata<-read.table("data.txt",header = T,sep="\t")
mydata<-as.matrix(mydata)
rownames(mydata)=mydata[,1]
geneExp=mydata[,2:ncol(mydata)]
matrixName=list(rownames(geneExp),colnames(geneExp))
geneExp=matrix(as.numeric(as.matrix(geneExp)),nrow=nrow(geneExp),dimnames=matrixName)

geneExp1=impute.knn(geneExp)
geneExp=geneExp1$data
geneExp=avereps(geneExp)
geneExp=normalizeBetweenArrays(as.matrix(geneExp))
#log2
#geneExp=log2(geneExp)

geneExp=rbind(symbol=colnames(geneExp),geneExp)
write.table(geneExp,"",sep="\t",quote = F,col.names = F)

data0=read.table("",header = T,sep = "\t")
data1=read.table("",header = T,sep = "\t")
data2=merge(data0,data1,by="symbol")

data2=as.matrix(data2)
rownames(data2)=data2[,1]
geneE=data2[,2:ncol(data2)]
newgene=matrix(as.numeric(as.matrix(geneE)),nrow=nrow(geneE),
               dimnames=list(rownames(geneE),colnames(geneE)))
newgene=avereps(newgene)
newgene=rbind(id=colnames(newgene),newgene)
write.table(newgene,"merge.txt",sep = "\t",quote = F,col.names = F)


library(sva)
dta=read.table("merge.txt",sep="\t",header=T)
dta=as.matrix(dta)
rownames(dta)=dta[,1]
geneexp=dta[,2:ncol(dta)]
dta2=matrix(as.numeric(as.matrix(geneexp)),nrow=nrow(geneexp),dimnames=list(rownames(geneexp),colnames(geneexp)))
group1=c(rep(,),rep(,))##
group2=c(rep("t1",),rep("t2",),rep("t1",),rep("t2",))##
md = model.matrix(~as.factor(group2))
cmb=ComBat(dta2,group1, md, par.prior=T)
cmb=rbind(id=colnames(cmb),cmb)
write.table(cmb,"input.txt",sep="\t",quote=F,col.names=F)


(2) Extraction of genes correlated with STAT3
setwd("")
library(limma)
cur<-read.table("input.txt",header = T,sep = "\t",check.names = F)
cur=as.matrix(cur)
rownames(cur)=cur[,1]
q=grep("///",cur[,1])
cur=cur[-q,]
curExp=cur[,2:ncol(cur)]
curExp1=matrix(as.numeric(as.matrix(curExp)),nrow=nrow(curExp),dimnames=list(rownames(curExp),colnames(curExp)))
curExp1=avereps(curExp1)
curtumor=curExp1
b="STAT3"
ndf=data.frame()
for(a in row.names(curtumor)){
        v1=as.numeric(curtumor[a,])
        v2=as.numeric(curtumor[b,])
        mycor=cor.test(v1,v2)
        cor=mycor$estimate
        p=mycor$p.value
        if((cor>0.3)& (cor<1)& (p<0.05)){
          ndf=rbind(ndf,cbind(STAT3=b,gene=a,cor,p,Regulation="postive"))
        }
        if((cor< -0.3) & (p<0.05)){
          ndf=rbind(ndf,cbind(STAT3=b,gene=a,cor,p,Regulation="negative"))
        }
      }
write.table(ndf,"STAT3_gene_network.txt",sep="\t",quote=F,row.names=F)
ICGid=unique(as.vector(ndf[,"gene"]))
ICGEXP=curtumor[ICGid,]
ICGEXP2=rbind(id=colnames(ICGEXP), ICGEXP)
write.table(ICGEXP2,"STAT3_geneEXP.txt",sep="\t",quote=F,col.names=F)


(3) Differential expression analysis



library(limma)
library(pheatmap)
library(ggplot2)
setwd("")
mydata<-read.table("chromatin_gene.txt",header = T,sep="\t")
mydata<-as.matrix(mydata)
rownames(mydata)=mydata[,1]
geneExp=mydata[,2:ncol(mydata)]
matrixNa=list(rownames(geneExp),colnames(geneExp))
geneExp=matrix(as.numeric(as.matrix(geneExp)),nrow=nrow(geneExp),dimnames=matrixNa)
wgcna=rbind(id=colnames(geneExp),geneExp)
write.table(wgcna,"wgcna.txt",sep = "\t",quote = F,col.names = F)
group2=c(rep("t1",8),rep("t2",9),rep("t1",8),rep("t2",16))
design <- model.matrix(~ 0+factor(group2))
colnames(design) <- c("t1", "t2")
fit <- lmFit(geneExp, design)
con_matrix<-contrast.matrix <- makeContrasts(t2-t1, levels=design)
myfit <- contrasts.fit(fit, con_matrix)
myfit <- eBayes(myfit)
allgene<-topTable(myfit, coef=1, adjust="fdr",number = "all")
allgene=allgene[,-7]
allgene=cbind(id=rownames(allgene),allgene)
write.table(allgene,"allgene.txt",sep = "\t",quote = F,row.names = F)
diffgene<-allgene[abs(allgene$logFC)>=0.2 & allgene$adj.P.Val<0.05,]
write.table(diffgene,"diffgene.txt",sep = "\t",quote = F,row.names = F)
upgene<-allgene[allgene$logFC>=0.2 & allgene$adj.P.Val<0.05,]
write.table(upgene,"upgene.txt",sep = "\t",quote = F,row.names = F)
downgene<-allgene[allgene$logFC<= (-0.2) & allgene$adj.P.Val<0.05,]
write.table(downgene,"downgene.txt",sep = "\t",quote = F,row.names = F)

###Volcano
xmax<-max(allgene$logFC)
ymax<-max(-log10(allgene$adj.P.Val))

allgene$sig = as.factor(ifelse(allgene$adj.P.Val < 0.05 & abs(allgene$logFC) > 0.2, 
                               ifelse(allgene$logFC > 0.2,"Up", "Down"), "Not"))

vol1=ggplot(allgene,aes(logFC,-log10(adj.P.Val))) 
vol2=vol1+ geom_point(aes(color =sig))+xlim(-xmax,xmax) + ylim(0,ymax)+ 
  labs(title="Volcano plot",x="log2FC", y="-log10(adj.P.Val)")+theme(plot.title=element_text(hjust=0.5))+scale_color_manual(values =c("cyan","black", "magenta"))

pdf("Volcano.pdf")
vol2
dev.off()

#heatmap
heatmapexp<-geneExp[row.names(diffgene),]
Geo=c(rep("GSE5550",17),rep("GSE24739",24))
Type=c(rep("normal",8),rep("CML",7),rep("normal",8),rep("CML",16))
names(Geo)=colnames(heatmapexp)
annotation=cbind(Geo,Type)
annotation=as.data.frame(annotation)

pdf("pheatmap.pdf",10,8)
par(mar=c(5,4,10,15)+1)
pheatmap(heatmapexp, annotation=annotation, color = colorRampPalette(c("cyan", "black", "magenta"))(50),
         cluster_cols =F,fontsize_row=4,fontsize_col=6,show_rownames = F)
dev.off()


###Volcano
xmax<-max(allgene$logFC)
ymax<-max(-log10(allgene$P.Value))

allgene$sig = as.factor(ifelse(allgene$P.Value < 0.05 & abs(allgene$logFC) > 0.5, 
                               ifelse(allgene$logFC > 0.5,"Up", "Down"), "Not"))

vol1=ggplot(allgene,aes(logFC,-log10(P.Value))) 
vol2=vol1+ geom_point(aes(color =sig))+xlim(-xmax,xmax) + ylim(0,ymax)+ 
  labs(title="Volcano plot",x="log2FC", y="-log10(P.Value)")+theme(plot.title=element_text(hjust=0.5))+scale_color_manual(values =c("cyan","black", "magenta"))

pdf("Volcano.pdf")
vol2
dev.off()

#heatmap
ht<-geneExp[row.names(diffgene),]
DEGexp=cbind(id=row.names(diffgene),ht)
write.table(DEGexp,"DEGexp.txt",row.names = F,sep = "\t",quote = F)
ht=ht[1:50,]
ht=t(scale(t(ht)))

Geo=c(rep("GSE5550",17),rep("GSE24739",24))
Type=c(rep("normal",8),rep("CML",7),rep("normal",8),rep("CML",16))
names(Geo)=colnames(heatmapexp)
annotation=cbind(Geo,Type)
annotation=as.data.frame(annotation)

pdf("pheatmap.pdf",10,8)
pheatmap(heatmapexp, annotation=annotation, color = colorRampPalette(c("cyan", "black", "magenta"))(50),
         cluster_cols =F,fontsize_row=4,fontsize_col=6,show_rownames = F)
dev.off()



(4) LASSO 

library(glmnet)
set.seed(88888)
setwd("")

mydata1<-read.table("clinical.txt",header=T,sep="\t",check.names = F) 
mydata2=read.table("DEGexp.txt",header=T,sep="\t",check.names=F)          
mydata=merge(mydata1,mydata2,by="id")
write.table(mydata,"mydata.txt",sep="\t",quote = F,row.names = F)

v1<-as.matrix(mydata[,c(3:ncol(mydata))])
v2 <- mydata[,2]

myfit <- glmnet(v1, v2, family = "binomial")
pdf("lambda.pdf")
plot(myfit, xvar = "lambda", label = TRUE)
dev.off()

myfit2 <- cv.glmnet(v1, v2, family="binomial",nfolds = 10)
pdf("min.pdf")
plot(myfit2)
abline(v=log(c(myfit2$lambda.min,myfit2$lambda.1se)),lty="dashed")
dev.off()

coe <- coef(myfit, s = myfit2$lambda.min)
act_index <- which(coe != 0)
act_coe <- coe[act_index]
lassogene=row.names(coe)[act_index]
gene_coef=cbind(id=lassogene,coef=act_coe)
gene_coef=gene_coef[-1,]
write.table(gene_coef,"gene_coef.txt",sep="\t",quote=F,row.names=F)

(5) SVM-RFE


	

#install.packages("e1071")
setwd("")
library(e1071)
source("msvmRFE.R")
set.seed(888888)
mydata=read.table("mydata.txt",header = T,sep = "\t",row.names = 1)
#k-fold cross validation 10折交叉验证

k=10
halve.above=20
svmRFE(mydata, k=k, halve.above=halve.above)
nfold = k
nrows = nrow(mydata)
folds = rep(1:nfold, len=nrows)[sample(nrows)]
folds = lapply(1:nfold, function(x) which(folds == x))

results = lapply(folds, svmRFE.wrap, mydata, k=k, halve.above=halve.above)
length(results)
top.features = WriteFeatures(results, mydata, save=F)
write.table(top.features,"top.features.txt",row.names = F,sep = "\t",quote = F)

featsweep = lapply(1:20, FeatSweep.wrap, results, mydata)
no.info = min(prop.table(table(mydata[,1])))
errors = sapply(featsweep, function(x) ifelse(is.null(x), NA, x$error))

pdf("svm.pdf",8,6)
PlotErrors(errors, no.info=no.info)
dev.off()

which.min(errors) 

(6) Venn


#install.packages("VennDiagram")
library(VennDiagram)
setwd("")
mylist=list()

mydata=read.table("LASSO.txt",sep="\t",
                  header=F,check.names=F)
filename=as.vector(mydata[,1])              
filename=gsub("^ | $","",filename)       
onel=unique(filename)             
mylist[["LASSO"]]=onel

mydata=read.table("SVM-RFE.txt",sep="\t",
              header=F,check.names=F)
filename=as.vector(mydata[,1])              
filename=gsub("^ | $","",filename)       
onel=unique(filename)             
mylist[["SVM-RFE"]]=onel

vedata=Reduce(intersect,mylist)
write.table(file="Venn.txt",vedata,sep="\t",quote=F,col.names=F,row.names=F)
venn.plot <-venn.diagram(mylist,fill=c("red","blue"), filename=NULL, cat.pos = c(360, 400))
pdf("venn.pdf");
grid.draw(venn.plot);
dev.off()



(7) ROC analysis


library(ggplot2)
library(ggpubr)

setwd("")
data1=read.table("mydata.txt",header = T,sep = "\t",check.names = F,row.names = 1)
data2<-read.table("Venn.txt",header=F,sep="\t",check.names = F)
data3=data1[,c("status",as.vector(data2[,1]))]

for (a in colnames(data3[,2:ncol(data3)])){
  data3$status=factor(data3$status, levels=c("Normal", "CML"))
  mygroup=levels(factor(data3[,"status"]))
  mycom=combn(mygroup, 2)
  mylist=list()
  for(b in 1:ncol(mycom)){mylist[[b]]<-mycom[,b]}
  p1=ggboxplot(data3,
               x = "status", y = a,color="status"
               , palette = c("cyan", "magenta"),
               add = "jitter", size = 0.5,
               xlab = "",
               ylab =paste0(a," " ,"expression")) +
    stat_compare_means(comparisons = mylist,aes(label ="p.format")) + theme(legend.position = "none")
  
  pdf(file=paste0(a, ".pdf"),3,4.5)
  print(p1)
  dev.off()
}

library(pROC)

data1=read.table("mydata.txt",header = T,sep = "\t",check.names = F,row.names = 1)
data2<-read.table("Venn.txt",header=F,sep="\t",check.names = F)
data3=data1[,c("status",as.vector(data2[,1]))]



for(mygene in colnames(data3[,2:ncol(data3)])){
  myroc=roc(data3$status, data3[,mygene])
  myci=ci.auc(myroc, method="bootstrap")
  mycinum=as.numeric( myci)
  pdf(file=paste0(mygene,"_","ROC.",".pdf"))
  plot(myroc, print.auc=T, col="cyan", legacy.axes=T, main=mygene)
  text(0.40, 0.45, paste0("95% CI: ",sprintf("%.03f",mycinum[1]),"-",sprintf("%.03f",mycinum[3])), col="cyan")
  dev.off()
}

(8)correlation analysis

#install.packages("corrplot")
library(corrplot)  
inputFile="diffGeneExp.txt"   setwd("")     
data=read.table(inputFile, header=T, sep="\t", check.names=F, row.names=1)

group=gsub("(.*)\\_(.*)", "\\2", colnames(data))
rt=data[,group=="Treat",drop=F]

rt=t(rt)
M=cor(rt)
res1=cor.mtest(rt, conf.level = .95)
pdf(file="corpot.pdf", width=12, height=12)
corrplot(M,
         type = "upper",       
         method = "circle",   
         col=colorRampPalette(c('blue', 'white', 'red'),alpha = TRUE)(100), tl.pos="lt",   
         p.mat=res1$p, insig="label_sig", sig.level = c(.001, .01, .05), pch.cex = 0.85)   
corrplot(M, type="lower", add=TRUE, method="number",col=colorRampPalette(c('blue', 'white', 'red'), alpha = TRUE)(100), tl.pos = "n", cl.pos="n", diag=FALSE, number.cex = 0.6) 
dev.off()


(9)Nomogram.

#install.packages("rms")
#install.packages("rmda")

library(rms)
library(rmda)

inputFile="rfGeneExp.txt"    
setwd("")    
data=read.table(inputFile, header=T, sep="\t", check.names=F, row.names=1)
data=t(data)
group=gsub("(.*)\\_(.*)", "\\2", row.names(data))
rt=cbind(as.data.frame(data), Type=group)
paste(colnames(data), collapse="+")

ddist=datadist(rt)
options(datadist="ddist")

lrmModel=lrm(Type~NCF4+PIAS1, data=rt, x=T, y=T)
nomo=nomogram(lrmModel, fun=plogis,
	fun.at=c(0.0001,0.1,0.3,0.5,0.7,0.9,0.99),
	lp=F, funlabel="Risk of Disease")
pdf("Nom.pdf", width=8, height=6)
plot(nomo)
dev.off()
cali=calibrate(lrmModel, method="boot", B=1000)
pdf("Calibration.pdf", width=6, height=6)
plot(cali,
	xlab="Predicted probability",
	ylab="Actual probability", sub=F)
dev.off()

rt$Type=ifelse(rt$Type=="con", 0, 1)
dc=decision_curve(Type ~NCF4+PIAS1, data=rt, 
	family = binomial(link ='logit'),
	thresholds= seq(0,1,by = 0.01),
	confidence.intervals = 0.95)
pdf(file="DCA.pdf", width=6, height=6)
plot_decision_curve(dc,
	curve.names="genes",
	xlab="Threshold probability",
	cost.benefit.axis=T,
	col="cyan",
	confidence.intervals=FALSE,
	standardize=FALSE)
dev.off()
pdf(file="clinical_impact.pdf", width=6, height=6)
plot_clinical_impact(dc,
	confidence.intervals=T,
	col = c("cyan", "magenta"))
dev.off()


(10) GSEA


library(limma)
library(org.Hs.eg.db)
library(clusterProfiler)
library(enrichplot)
expFile=".txt"    
gene="STAT3"                 
gmtFile="c5.go.symbols.gmt"     
rt=read.table(expFile, header=T, sep="\t", check.names=F)
rt=as.matrix(rt)
rownames(rt)=rt[,1]
exp=rt[,2:ncol(rt)]
dimnames=list(rownames(exp),colnames(exp))
data=matrix(as.numeric(as.matrix(exp)),nrow=nrow(exp),dimnames=dimnames)
data=avereps(data)
data=data[rowMeans(data)>0,]
group=gsub("(.*)\\_(.*)", "\\2", colnames(data))
data=data[,group=="Treat",drop=F]
dataL=data[,data[gene,]<median(data[gene,]),drop=F]    
dataH=data[,data[gene,]>=median(data[gene,]),drop=F] 
meanL=rowMeans(dataL)
meanH=rowMeans(dataH)
meanL[meanL<0.00001]=0.00001
meanH[meanH<0.00001]=0.00001
logFC=log2(meanH)-log2(meanL)
logFC=sort(logFC, decreasing=T)
genes=names(logFC)
gmt=read.gmt(gmtFile)
kk=GSEA(logFC, TERM2GENE=gmt, pvalueCutoff = 1)
kkTab=as.data.frame(kk)
kkTab=kkTab[kkTab$pvalue<0.05,]
#kkTab=kkTab[kkTab$p.adjust<0.05,]
write.table(kkTab,file="GSEA.result.txt",sep="\t",quote=F,row.names = F)
termNum=5     if(nrow(kkTab)>=termNum){
	showTerm=row.names(kkTab)[1:termNum]
	gseaplot=gseaplot2(kk, showTerm, base_size=8, title=gene)
	pdf(file="GSEA.pdf", width=9, height=5.5)
	print(gseaplot)
	dev.off()
}



(11) GSVA

library(reshape2)
library(ggpubr)
library(limma)
library(GSEABase)
library(GSVA)

gene="STAT3"     
expFile="normalize.txt"            
gmtFile="c2.cp.kegg.symbols.gmt"     
setwd("")     
rt=read.table(expFile, header=T, sep="\t", check.names=F)
rt=as.matrix(rt)
rownames(rt)=rt[,1]
exp=rt[,2:ncol(rt)]
dimnames=list(rownames(exp),colnames(exp))
data=matrix(as.numeric(as.matrix(exp)),nrow=nrow(exp),dimnames=dimnames)
data=avereps(data)

group=gsub("(.*)\\_(.*)", "\\2", colnames(data))
data=data[,group=="Treat",drop=F]

geneSets=getGmt(gmtFile, geneIdType=SymbolIdentifier())

ssgseaScore=gsva(data, geneSets, method='ssgsea', kcdf='Gaussian', abs.ranking=TRUE)
normalize=function(x){
  return((x-min(x))/(max(x)-min(x)))}
ssgseaScore=normalize(ssgseaScore)
ssgseaScore=ssgseaScore[order(apply(ssgseaScore,1,sd),decreasing=T),]
ssgseaScore=ssgseaScore[1:50,]

lowName=colnames(data)[data[gene,]<median(data[gene,])]       highName=colnames(data)[data[gene,]>=median(data[gene,])]   lowScore=ssgseaScore[,lowName]
highScore=ssgseaScore[,highName]
data=cbind(lowScore, highScore)
conNum=ncol(lowScore)
treatNum=ncol(highScore)
Type=c(rep("Control",conNum), rep("Treat",treatNum))

outTab=data.frame()
for(i in row.names(data)){
	test=t.test(data[i,] ~ Type)
	pvalue=test$p.value
	t=test$statistic
	Sig=ifelse(pvalue>0.05, "Not", ifelse(t>0,"Up","Down"))
	outTab=rbind(outTab, cbind(Pathway=i, t, pvalue, Sig))
}

pdf(file="barplot.pdf", width=12, height=9)
outTab$t=as.numeric(outTab$t)
outTab$Sig=factor(outTab$Sig, levels=c("Down", "Not", "Up"))
gg1=ggbarplot(outTab, x="Pathway", y="t", fill = "Sig", color = "white",
		palette=c("cyan","grey","magenta"), sort.val = "asc", sort.by.groups = T,
		rotate=TRUE, legend="right", title=gene,
		xlab="Term", ylab="t value of GSVA score",  legend.title="Group", x.text.angle=60)
print(gg1)
dev.off()
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