Code for scRNA-seq analysis of ESCC with nICT
[bookmark: _GoBack]
# preprocessing.and.clustering

library(Seurat)
library(dplyr)
library(ggplot2)
install.packages("readr")
library(readr)
library(tidyr)
library(harmony)
library(ggrepel)
library(ggVennDiagram)
library(data.table)
library(openxlsx)
library(ggsci)
library(viridis)
library(RColorBrewer)

# data preparation

autoR<-function(object,nfeatures=2000,vars.to.regress="percent.mt",pc=20,resolution=c(0.5)){
  object %>% NormalizeData(normalization.method="LogNormalize",scale.factor=10000) %>% FindVariableFeatures(nfeatures=nfeatures) %>% ScaleData(vars.to.regress=vars.to.regress) ->object
  object<-RunPCA(object)
  object %>% FindNeighbors(reduction="pca",dims=1:pc) %>% FindClusters(resolution=resolution) %>% RunUMAP(dims=1:pc) -> object
  return(object)
}

data0 <- readRDS("../Phase2/Rdata/0-Data_RawObject.rds") 
data <- autoR(data0)
UMAPPlot(data,raster=FALSE,label=TRUE)+coord_fixed()
UMAPPlot(data,raster=FALSE,label=T,split.by="orig.ident",ncol=6)+coord_fixed()
FeaturePlot(data, features = c("PTPRC", "CD3D", "MS4A1","CD79A", "CD68", 
                               "COL1A1", "PECAM1","EPCAM","KRT7"), coord.fixed = T, cols = c("grey", "yellow", "red"), 
            order = T,ncol = 3,raster = FALSE,pt.size = 0.01)
DotPlot(data, features = c("PTPRC", "CD3D", "CD19","MS4A1","CD79A","JCHAIN","MZB1",
                           "CSF3R","CD68", "APOE","CD74",
                           "COL1A1", "PECAM1","EPCAM","KRT7"))+coord_flip()
VlnPlot(data, features = "nFeature_RNA",pt.size=0,raster = F)+geom_hline(yintercept = c(500,1000,5000), linetype = "dashed", color = "red")

# TCR clonal stats

meta <- data@meta.data
head(meta)
tcr_clonal_status <- function(meta){
  clonal_stat <- as.data.frame(table(meta$ClonoTypeTCR))
  clonal_stat$Var1 <- as.character(clonal_stat$Var1)
  colnames(clonal_stat) <- c("ClonoTypeTCR","TCR_Freq")
  clonal_stat$TCR_Clonal_status = ""
  clonal_stat[which(clonal_stat$TCR_Freq==1),]$TCR_Clonal_status="Non-Clonal"
  clonal_stat[which(clonal_stat$TCR_Freq>=2),]$TCR_Clonal_status="Clonal"
  clonal_stat[which(clonal_stat$ClonoTypeTCR==0),]$TCR_Clonal_status="Non-VDJ"
  meta.merged <- merge(meta[,c("cellID","ClonoTypeTCR")], clonal_stat, by ="ClonoTypeTCR",all.x = TRUE,sort = FALSE)
  rownames(meta.merged) <- meta.merged$cellID
  meta.merged <- meta.merged[meta$cellID,]
  meta.merged
  return(meta.merged)
}
data@meta.data <- cbind(data@meta.data,meta.merged[,c("TCR_Freq","TCR_Clonal_status")])
UMAPPlot(data,group.by="TCR_Clonal_status",raster=FALSE)+coord_fixed()

# genes co-expression

data[["cellID"]] <- data@assays$RNA@counts@Dimnames[[2]]
data[["clusterID"]] <- FetchData(data, c("ident"))$ident

doublet.cell.IDs <- union(
  
  WhichCells(data, expression = HBB>0),
  
  c(
    
    WhichCells(data, expression = CD79A>0 & CD3D>0), 
    WhichCells(data, expression = CD79A>0 & CD3E>0),
    WhichCells(data, expression = CD79A>0 & EPCAM>0), 
    WhichCells(data, expression = CD79A>0 & COL1A2>0), 
    WhichCells(data, expression = CD79A>0 & PECAM1>0), 
    
    
    WhichCells(data, expression = CD19>0 & CD3D>0),
    WhichCells(data, expression = CD19>0 & CD3E>0),
    WhichCells(data, expression = CD19>0 & EPCAM>0), 
    WhichCells(data, expression = CD19>0 & COL1A2>0), 
    WhichCells(data, expression = CD19>0 & PECAM1>0), 
    
    WhichCells(data, expression = CD68>0 & CD3D>0), 
    WhichCells(data, expression = CD68>0 & CD3E>0),
    WhichCells(data, expression = CD68>0 & EPCAM>0), 
    WhichCells(data, expression = CD68>0 & COL1A2>0), 
    WhichCells(data, expression = CD68>0 & PECAM1>0)
  ) 
  
)

DimPlot(data, cells.highlight = doublet.cell.IDs,raster = FALSE,pt.size=0.01,sizes.highlight = 0.01) + coord_fixed()

filtered.data <- data[,!data$cellID %in% doublet.cell.IDs]
FeaturePlot(filtered.data, features = c("PTPRC", "CD3D","CD4","CD8A",
                                        "CD19","CD79A","JCHAIN",
                                        "CD68", "CD14",
                                        "COL1A1","COL1A2", "PECAM1","CD34","EPCAM","KRT7"), coord.fixed = T, cols = c("grey", "yellow", "red"), order = T,
            ncol = 5,raster = FALSE,pt.size=0.001)

# 2_clustering

filtered.data1 <- autoR(filtered.data)
filtered.data1[["clusterID"]] <- FetchData(filtered.data1, c("ident"))$ident
DimPlot(filtered.data1, label = T,raster = FALSE) + coord_fixed()

FeaturePlot(filtered.data1, features = c("PTPRC", "CD3D", "MS4A1","CD79A", "CD68", 
                                         "COL1A1", "PECAM1","EPCAM","KRT7"), coord.fixed = T, cols = c("grey", "yellow", "red"), 
            order = T,ncol = 3,raster = FALSE,pt.size = 0.001)

VlnPlot(filtered.data1, features = c("nCount_RNA","nFeature_RNA"),pt.size=0,raster = F,ncol=1)+
  geom_hline(yintercept = c(1000), linetype = "dashed", color = "red")+NoLegend()

# degs

de <- FindAllMarkers(filtered.data1, "clusterID")
de <- setorderv(as.data.frame(de),c("cluster","avg_logFC","pct.1","pct.2"),c(1,-1,1,-1)) saveRDS(de,'../Phase2/Rdata/5-filtered.data.clusterDEGs.raw.rds')
de.sig <- de[de$avg_logFC>0.25 & de$p_val<0.05,]
de.sig %>% split(de.sig$cluster) %>% write.xlsx(file="../Phase2/Stat/filtered.seurat.clusterDEGs.xlsx")
top.15.de <- de %>% dplyr::filter(pct.1 > 0.3) %>% group_by(cluster) %>% top_n(15, avg_logFC)
top.15.de

top.15.de <- de %>% dplyr::filter(pct.1 > 0.3) %>% group_by(cluster) %>% top_n(5, avg_logFC)
DotPlot(filtered.data1, features = unique(top.15.de$gene))+
  theme(axis.text.x = element_text(angle=90))

filtered.data1 <- BuildClusterTree(filtered.data1)
Seurat::PlotClusterTree(filtered.data1)

## save figures

# cluster-marker dotplot
pdf(file = "../Phase2/Img/5-filtered.data.cluster-markers.dotplot.pdf",height = 6,width = 10)
DotPlot(filtered.data1,group.by="clusterID",
        features = c(t.mks,b.mks,"MKI67",mye.mks,mast.mks,
                     epi.mks,endo.mks,fib.mks,smc.mks,neuron.mks))+coord_flip()+
  geom_hline(yintercept = c(24.5),
             linetype = "dashed", color = "red")
dev.off()
# majortype-marker dotplot
pdf(file = "../Phase2/Img/5-filtered.data.Majortype-markers.dotplot.pdf",height = 6,width = 10)
DotPlot(filtered.data1,
        features = c(t.mks,b.mks,"MKI67",mye.mks,mast.mks,
                     epi.mks,endo.mks,fib.mks,smc.mks,neuron.mks))+coord_flip()+
  theme(axis.text.x = element_text(angle=30,vjust=0.8,hjust=0.8))
dev.off()
pdf(file = "../Phase2/Img/6-MajorType-markers.dotplot.pdf",height = 6,width = 10)
DotPlot(majortype.obj,
        features = c(t.mks,b.mks,"MKI67",mye.mks,mast.mks,
                     epi.mks,endo.mks,fib.mks,smc.mks,neuron.mks
        ))+coord_flip()+theme(axis.text.x = element_text(angle=30,vjust=0.8,hjust=0.8))
dev.off()
# majortype-marker featureplot
Cairo::CairoPNG(file = "../Phase2/Img/6-MajorType.data.markers.Featureplot.png",height = 9*300,width = 10*300,dpi=300)
FeaturePlot(majortype.obj, features = c("PTPRC", "CD3D", "MS4A1","CD79A", "CD68", 
                                        "COL1A1", "PECAM1","EPCAM","KRT7"), coord.fixed = T, cols = c("grey", "yellow", "red"), 
            order = T,ncol = 3,raster = F,pt.size = 0.001)
dev.off()
# Majortype
majortype.colors <- c("#00A087FF", "#4DBBD5FF", "#E64B35FF", 
                      "#3C5488FF", "#F38400", "#A1CAF1", "#BE0032", "#C2B280", 
                      "#848482", "#008856", "#E68FAC", "#0067A5", 
                      "#F6A600", "#B3446C", 
                      "#654522", "#E25822", "#2B3D26",
                      "#E68FAC", "#0067A5", "#604E97",
                      "#DCD300", "#882D17")
majortype.colors <- c("#00A087FF","#E68FAC","#4DBBD5FF","#8DB600",  "#DCD300","#604E97", 
                      "#F38400","#C2B280", "#882D17","#848482" )
pdf(file = "../Phase2/Img/5-filtered.data.UAMP-MajorType.pdf",height = 6,width = 5)
UMAPPlot(filtered.data1, group.by="MajorType", raster=TRUE)+coord_fixed()+scale_color_manual(values = majortype.colors)
dev.off()
pdf(file = "../Phase2/Img/6-MajorType.data.UAMP-MajorType.pdf",height = 6,width = 5)
UMAPPlot(majortype.obj, group.by="MajorType", raster=TRUE)+coord_fixed()+scale_color_manual(values = majortype.colors)
dev.off()
# patient
patient.colors <- randomcoloR::distinctColorPalette(k=18)
patient.colors <- c( "#7EE2DE", "#DA4DA1", "#73E19C", "#CBD3E3", "#79A2D6", "#D747DF", "#D9E046", "#6D908A", "#7E40E1", "#84E959", "#D1A55C", "#7671D7", "#DB6355", "#DBA8A0", "#D6E08A", "#D09ECD", "#D1E3C1", "#DD88E0")
pdf(file = "../Phase2/Img/5-filtered.data.UAMP-Patient.pdf",height = 6,width = 5)
UMAPPlot(filtered.data1, group.by="Patient.ID", raster=T)+coord_fixed()+scale_color_manual(values = patient.colors)
dev.off()
pdf(file = "../Phase2/Img/6-MajorType.data.UAMP-Patient.pdf",height = 6,width = 5)
UMAPPlot(majortype.obj, group.by="Patient.ID", raster=T)+coord_fixed()+scale_color_manual(values = patient.colors)
dev.off()

# Efficacy
# efficacy.colors <- randomcoloR::distinctColorPalette(k=5)
efficacy.colors <- c("#DA9676", "#B3A4D2", "#A5DBCC")
pdf(file = "../Phase2/Img/5-filtered.data.UAMP-Efficacy.pdf",height = 6,width = 5)
UMAPPlot(filtered.data1, group.by="Efficacy", raster=T)+coord_fixed()+scale_color_manual(values = efficacy.colors)
dev.off()
pdf(file = "../Phase2/Img/6-MajorType.data.UAMP-Efficacy.pdf",height = 6,width = 5)
UMAPPlot(majortype.obj, group.by="Efficacy", raster=T)+coord_fixed()+scale_color_manual(values = efficacy.colors)
dev.off()
# Efficacy.group
efficacy.group.colors <- c("grey","darkred")
pdf(file = "../Phase2/Img/5-filtered.data.UAMP-Efficacy.group.pdf",height = 6,width = 6)
UMAPPlot(filtered.data1, group.by="Efficacy.group", raster=T)+coord_fixed()+scale_color_manual(values = efficacy.group.colors)
dev.off()
pdf(file = "../Phase2/Img/6-MajorType.data.UAMP-Efficacy.group.pdf",height = 6,width = 6)
UMAPPlot(majortype.obj, group.by="Efficacy.group", raster=T)+coord_fixed()+scale_color_manual(values = efficacy.group.colors)
dev.off()
# treatment
treatment.colors <- c("#A6CEE3","#1F78B4")
brewer.pal(10,"Paired")
pdf(file = "../Phase2/Img/5-filtered.data.UAMP-Treatment.pdf",height = 6,width = 5)
UMAPPlot(filtered.data1, group.by="Treatment", raster=T)+coord_fixed()+scale_color_manual(values = treatment.colors)
dev.off()
pdf(file = "../Phase2/Img/6-MajorType.data.UAMP-Treatment.pdf",height = 6,width = 5)
UMAPPlot(majortype.obj, group.by="Treatment", raster=T)+coord_fixed()+scale_color_manual(values = treatment.colors)
dev.off()
######## fraction stat
colnames(majortype.obj@meta.data)
pdf(file = "../Phase2/Img/7-Fraction_MajorType-Efficacy.pdf",height = 4,width = 5)
plot_fraction1(majortype.obj@meta.data, x="MajorType",fill.bar = "Efficacy",savedata = "../Phase2/Stat/7-Fraction_MajorType-Efficacy.csv",color.use = efficacy.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_MajorType-Patient.pdf",height = 4,width = 5)
plot_fraction1(majortype.obj@meta.data, x="MajorType",fill.bar = "Patient.ID",savedata = "../Phase2/Stat/7-Fraction_MajorType-Patient.csv",color.use = patient.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_MajorType-Treatment.pdf",height = 4,width = 5)
plot_fraction1(majortype.obj@meta.data, x="MajorType",fill.bar = "Treatment",savedata = "../Phase2/Stat/7-Fraction_MajorType-Treatment.csv",color.use = treatment.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_MajorType-Efficacy.group.pdf",height = 4,width = 5)
plot_fraction1(majortype.obj@meta.data, x="MajorType",fill.bar = "Efficacy.group",savedata = "../Phase2/Stat/7-Fraction_MajorType-Efficacy.group.csv",color.use = efficacy.group.colors)
dev.off()

######## fraction stat
pdf(file = "../Phase2/Img/7-Fraction_Efficacy-MajorType.pdf",height = 4,width = 7)
plot_fraction1(majortype.obj@meta.data, x="Efficacy",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Efficacy-MajorType.csv",color.use = majortype.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_Patient-MajorType.pdf",height = 4,width = 7)
plot_fraction1(majortype.obj@meta.data, x="Patient.ID",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Patient-MajorType.csv",color.use = majortype.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_Treatment-MajorType.pdf",height = 4,width = 7)
plot_fraction1(majortype.obj@meta.data, x="Treatment",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Treatment-MajorType.csv",color.use = majortype.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_Efficacy.group-MajorType.pdf",height = 4,width = 7)
plot_fraction1(majortype.obj@meta.data, x="Efficacy.group",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Efficacy.group-MajorType.csv",color.use = majortype.colors)
dev.off()

######## fraction stat, pre and post
pre.meta <- majortype.obj@meta.data[majortype.obj@meta.data$Treatment=="pre",]
post.meta <- majortype.obj@meta.data[majortype.obj@meta.data$Treatment=="post",]
pdf(file = "../Phase2/Img/7-Fraction_Pre_Efficacy.group-MajorType.pdf",height = 4,width = 7)
plot_fraction1(pre.meta, x="Efficacy.group",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Pre_Efficacy.group-MajorType.csv",color.use = majortype.colors)
dev.off()
pdf(file = "../Phase2/Img/7-Fraction_Post_Efficacy.group-MajorType.pdf",height = 4,width = 7)
plot_fraction1(post.meta, x="Efficacy.group",fill.bar = "MajorType",savedata = "../Phase2/Stat/7-Fraction_Post_Efficacy.group-MajorType.csv",color.use = majortype.colors)
dev.off()
## change groups
saveRDS(majortype.obj,"../Phase2/Rdata/5-MajorType.data.128600cells.rds")
head(majortype.obj@meta.data)
majortype.obj@meta.data$Patient.ID <- gsub("a","",majortype.obj@meta.data$Patient.ID)
library(stringr)
str_to_title(majortype.obj@meta.data$Treatment)[1:3]
majortype.obj@meta.data$TimePoint <- str_to_title(majortype.obj@meta.data$Treatment)
majortype.obj@meta.data$Treatment <- paste0(majortype.obj@meta.data$Patient.ID,"-",majortype.obj@meta.data$Treatment)
table(majortype.obj@meta.data$Treatment)
table(majortype.obj@meta.data$Efficacy)
majortype.obj@meta.data[,"Efficacy-1"] <- gsub("R0","Non-MPR",majortype.obj@meta.data$Efficacy)
table(majortype.obj@meta.data$`Efficacy-1`)
majortype.obj@meta.data[,"Efficacy-2"] <- gsub("MPR","Non-pCR",majortype.obj@meta.data$Efficacy)
majortype.obj@meta.data[,"Efficacy-2"] <- gsub("R0","Non-pCR",majortype.obj@meta.data$`Efficacy-2`)
table(majortype.obj@meta.data$`Efficacy-2`)
table(majortype.obj@meta.data$Efficacy.group)
majortype.obj@meta.data$sample.ID <- gsub("^B","",majortype.obj$Sample)
unique(majortype.obj@meta.data[,c("sample.ID","Patient.ID","Treatment","TimePoint","Efficacy-1","Efficacy-2","Efficacy.group")])
saveRDS(majortype.obj,"../Phase2/Rdata/6-MajorType.data.128600cells.adjustedGroups.rds")

# 4_subtype clustering

t.cell.clusterIDs <- c("0","1","12","16")
b.cell.cluserIDs <- c("9","17")
myeloid.cell.clusterIDs <- c("3","27","24","22") #myeloid and mast
epithelial.cell.clusterIDs <- c("4","7","8","10","14","20","21","28")
endothelial.cell.clusterIDs <- c("6")
fibroblast.cell.clusterIDs <- c("5","15","11")
smc.cell.clusterIDs <- c("30")
neuron.cell.clusterIDs <- c("26")
t.cell.seurat <- majortype.obj[,majortype.obj$clusterID %in% t.cell.clusterIDs]
t.cell.seurat <- autoR(t.cell.seurat)
saveRDS(t.cell.seurat, "../Phase3/Tcells/01_t.cell.seurat.rds")

b.cell.seurat <- majortype.obj[, majortype.obj$clusterID %in% b.cell.cluserIDs]
DimPlot(b.cell.seurat, label = T) + coord_fixed()
b.cell.seurat <- autoR(b.cell.seurat)
saveRDS(b.cell.seurat, "../Phase3/Bcells/01_b.cell.seurat.rds")

myeloid.cell.seurat <- majortype.obj[,majortype.obj$clusterID %in% myeloid.cell.clusterIDs]
DimPlot(myeloid.cell.seurat, label = T) + coord_fixed()
myeloid.cell.seurat <- autoR(myeloid.cell.seurat)
saveRDS(myeloid.cell.seurat, "../Phase3/Myeloid/01_myeloid.cell.seurat.rds")

fibroblast.cell.seurat <- majortype.obj[,majortype.obj$clusterID %in% fibroblast.cell.clusterIDs]
fibroblast.cell.seurat <- autoR(fibroblast.cell.seurat)
saveRDS(fibroblast.cell.seurat, "../Phase3/Fibroblast/01_fibroblast.cell.seurat.rds")

epithelial.cell.seurat <- majortype.obj[, majortype.obj$clusterID %in% epithelial.cell.clusterIDs]
epithelial.cell.seurat <- autoR(epithelial.cell.seurat)
saveRDS(epithelial.cell.seurat, "../Phase3/Epithelial/01_epithelial.cell.seurat.rds")

endothelial.cell.seurat <- majortype.obj[,majortype.obj$clusterID %in% endothelial.cell.clusterIDs]
endothelial.cell.seurat <- autoR(endothelial.cell.seurat)
saveRDS(endothelial.cell.seurat, "../Phase3/Endothelial/01_endothelial.cell.seurat.rds")

# cell.chat.analysis

library(CellChat)
library(Seurat)
library(ggplot2)
library(patchwork)
options(stringsAsFactors = FALSE)
library(Cairo)

############ Wrapper ###########

run_cellchat <- function(path="./",cellchat){
  setwd(path)
  # subset the expression data of signaling genes for saving computation cost
  cellchat <- subsetData(cellchat) # This step is necessary even if using the whole database
  # future::plan("multiprocess", workers = 4) # do parallel
  cellchat <- identifyOverExpressedGenes(cellchat)
  cellchat <- identifyOverExpressedInteractions(cellchat)
  # project gene expression data onto PPI network (optional)
  cellchat <- projectData(cellchat, PPI.human)
  
  cellchat <- computeCommunProb(cellchat)
  # Filter out the cell-cell communication if there are only few number of cells in certain cell groups
  cellchat <- filterCommunication(cellchat, min.cells = 10)
  cellchat <- computeCommunProbPathway(cellchat)
  cellchat <- aggregateNet(cellchat)
  saveRDS(cellchat,"cellchat.rds")
  # 3. plots
  groupSize <- as.numeric(table(cellchat@idents))
  pdf("1.Number_of_interactions.addweight.pdf",width=8,height=8)
  print(netVisual_circle(cellchat@net$count, vertex.weight = groupSize, weight.scale = T, label.edge= F))
  dev.off()
  pdf("1.Number_of_interactions.pdf",width=8,height=8)
  print(netVisual_circle(cellchat@net$count,  weight.scale = T, label.edge= F))
  dev.off()
  
  pdf(file = "2.Interaction_number.splitted_by_celltype.addweight.pdf",width=25,height=20)
  mat <- cellchat@net$count
  par(mfrow = c(4,4), xpd=TRUE,mar=c(1,1,5,1))
  for (i in 1:nrow(mat)) {
    mat2 <- matrix(0, nrow = nrow(mat), ncol = ncol(mat), dimnames = dimnames(mat))
    mat2[i, ] <- mat[i, ]
    title <- rownames(mat)[i]
    rownames(mat2) <- paste0(rownames(mat2)," (",mat2[title,],")")
    colnames(mat2) <- rownames(mat2)
    netVisual_circle(mat2, margin=0.1,vertex.weight = groupSize,
                     weight.scale = T, edge.weight.max = max(mat2), title.name = title)
  }
  dev.off()
  
  pdf(file = "2.Interaction_number.splitted_by_celltype.pdf",width=25,height=20)
  mat <- cellchat@net$count
  par(mfrow = c(4,4), xpd=TRUE,mar=c(1,1,5,1))
  for (i in 1:nrow(mat)) {
    mat2 <- matrix(0, nrow = nrow(mat), ncol = ncol(mat), dimnames = dimnames(mat))
    mat2[i, ] <- mat[i, ]
    title <- rownames(mat)[i]
    rownames(mat2) <- paste0(rownames(mat2)," (",mat2[title,],")")
    colnames(mat2) <- rownames(mat2)
    netVisual_circle(mat2, margin=0.1,weight.scale = T, 
                     edge.weight.max = max(mat2), title.name = title)
  }
  dev.off()
}


############ 1.Post.Responder ############
print(paste0(date()," - Run Post.Responder started!"))
dat <- readRDS("/cellchat_2/1.Post.Responder/input.rds")
# 1. create a cellchat object
data.input = dat[["RNA"]]@data
meta = dat@meta.data
meta$Subtype <- factor(meta$Subtype, levels = c("tCAF", "iCAF", 
                                                "Precursor CD8 Tex","Terminal CD8 Tex","Proliferative CD8 Tex",  "CD4 Treg","CD4 Tfh/Th1",
                                                "Macro", "cDC3","Malignant epithelial cells"))
cellchat <- CellChat::createCellChat(object = data.input, meta = meta,group.by = "Subtype")
cellchat <- addMeta(cellchat, meta = meta)
cellchat <- setIdent(cellchat, ident.use = "Subtype") # set "labels" as default cell identity
levels(cellchat@idents) # show factor levels of the cell labels
cellchat@DB <- CellChatDB.human

run_cellchat(path="/cellchat_2/1.Post.Responder/",
             cellchat)

############ 2.Post.Non-Responder ############
print(paste0(date()," - Run Post.Non-Responder started!"))
dat <- readRDS("/cellchat_2/2.Post.Non-Responder/input.rds")
# 1. create a cellchat object
data.input = dat[["RNA"]]@data
meta = dat@meta.data
meta$Subtype <- factor(meta$Subtype, levels = c("tCAF", "iCAF", 
                                                "Precursor CD8 Tex","Terminal CD8 Tex","Proliferative CD8 Tex",  "CD4 Treg","CD4 Tfh/Th1",
                                                "Macro", "cDC3","Malignant epithelial cells"))
cellchat <- CellChat::createCellChat(object = data.input, meta = meta,group.by = "Subtype")
cellchat <- addMeta(cellchat, meta = meta)
cellchat <- setIdent(cellchat, ident.use = "Subtype") # set "labels" as default cell identity
levels(cellchat@idents) # show factor levels of the cell labels
cellchat@DB <- CellChatDB.human

run_cellchat(path="/cellchat_2/2.Post.Non-Responder/",
             cellchat)


############ 3.Pre ############
print(paste0(date()," - Run Pre started!"))
dat <- readRDS("/cellchat_2/3.Pre/input.rds")
# 1. create a cellchat object
data.input = dat[["RNA"]]@data
meta = dat@meta.data
meta$Subtype <- factor(meta$Subtype, levels = c("tCAF", "iCAF", 
                                                "Precursor CD8 Tex","Terminal CD8 Tex","Proliferative CD8 Tex",  "CD4 Treg","CD4 Tfh/Th1",
                                                "Macro", "cDC3","Malignant epithelial cells"))
cellchat <- CellChat::createCellChat(object = data.input, meta = meta,group.by = "Subtype")
cellchat <- addMeta(cellchat, meta = meta)
cellchat <- setIdent(cellchat, ident.use = "Subtype") # set "labels" as default cell identity
levels(cellchat@idents) # show factor levels of the cell labels
cellchat@DB <- CellChatDB.human

run_cellchat(path="/cellchat_2/3.Pre/",
             cellchat)

# epithelial.copy.number.analysis

library(Seurat)
library(devtools)
install_github("navinlabcode/copykat")
library(dplyr)
library(ggplot2)
library(data.table)
library(ggpubr)
library(tidyverse)
library(openxlsx)
# function
autoR.resolution.default<-function(object,nfeatures=2000,vars.to.regress="percent.mt",pc=20){
  object %>% NormalizeData(normalization.method="LogNormalize",scale.factor=10000) %>% FindVariableFeatures(nfeatures=nfeatures) %>% ScaleData(vars.to.regress=vars.to.regress) ->object
  object<-RunPCA(object)
  object %>% FindNeighbors(reduction="pca",dims=1:pc) %>% FindClusters() %>% RunUMAP(dims=1:pc) -> object
  return(object)
}
# readin
dt <- readRDS("01_epithelial.cell.seurat.rds")
head(dt@meta.data)
dt <- autoR.resolution.default(dt)
dt$clusterID <- dt$seurat_clusters
DimPlot(dt, group.by = "clusterID", label = T) + coord_fixed()
DimPlot(dt, group.by = "Sample", label = T) + coord_fixed()
DimPlot(dt, group.by = "clusterID", split.by = "Efficacy.group") + coord_fixed()
DimPlot(dt, group.by = "TimePoint") + coord_fixed()
UMAPPlot(dt,label=F,split.by="Treatment",ncol=6)+coord_fixed()
# remove doublets
FeaturePlot(dt, features = c("PTPRC","IGKV3-20", "CD3E", "IGLV2-14", "IGHG1","MS4A1"), order = T,ncol = 3, cols = c("grey", "yellow", "red"),coord.fixed = T)

doublet.cell.IDs <- union(
  
  WhichCells(dt, expression = PTPRC>0),
  
  c(
    WhichCells(dt, expression = CD3E>0),
    WhichCells(dt, expression = MS4A1>0),
    WhichCells(dt, expression = JCHAIN>0),
    WhichCells(dt, expression = IGHG1>0)
  )
)
length(doublet.cell.IDs) #10807
DimPlot(dt, cells.highlight = doublet.cell.IDs, sizes.highlight = 0.05) + coord_fixed()
dt$cellID <- rownames(dt@meta.data)
filtered.dt <- dt[,!dt$cellID %in% doublet.cell.IDs] #35417 to 24610
filtered.dt <- autoR.resolution.default(filtered.dt)
filtered.dt %>% NormalizeData(normalization.method="LogNormalize",scale.factor=10000)  -> filtered.dt
filtered.dt %>% FindVariableFeatures(selection.method = "mvp") %>% ScaleData(vars.to.regress="percent.mt") ->filtered.dt
length(VariableFeatures(filtered.dt))
vf <- VariableFeatures(filtered.dt)
vf <- vf[grep("^IG",vf,invert = T)]
vf <- vf[grep("^HLA",vf,invert = T)]
VariableFeatures(filtered.dt) <- vf
filtered.dt<-RunPCA(filtered.dt)
x <- filtered.dt
pct<-x[["pca"]]@stdev/sum(x[["pca"]]@stdev)*100
cumu<-cumsum(pct)
co1<-which(cumu >80 & pct<5)[1]
co2 <- sort(which((pct[1:length(pct) - 1] - pct[2:length(pct)]) > 0.1), decreasing = T)[1] + 1
pc <- min(co1,co2) #18
pc
# Examine and visualize PCA results a few different ways
print(filtered.dt[["pca"]], dims = 1:20, nfeatures = 10)
pcs <- c(1:18)
filtered.dt %>% FindNeighbors(reduction="pca",dims=pcs) %>% FindClusters() %>% RunUMAP(dims=pcs) -> filtered.dt
filtered.dt <- FindClusters(filtered.dt, resolution = c(0.2,0.4,0.6))
filtered.dt <- RunUMAP(filtered.dt,min.dist = 0.7,dims =1:18)
DimPlot(filtered.dt, group.by = c("RNA_snn_res.0.2"), label = T) + coord_fixed()
DimPlot(filtered.dt, group.by = c("RNA_snn_res.0.4"), label = T) + coord_fixed()
DimPlot(filtered.dt, group.by = c("RNA_snn_res.0.6"), label = T) + coord_fixed()
DimPlot(filtered.dt, group.by = c("RNA_snn_res.0.8"), label = T) + coord_fixed()
filtered.dt$clusterID <- filtered.dt$RNA_snn_res.0.4
DimPlot(filtered.dt, group.by = "clusterID", label = T) + coord_fixed()
DimPlot(filtered.dt, group.by = "Sample", label = T) + coord_fixed()
DimPlot(filtered.dt, group.by = "clusterID", split.by = "Efficacy.group") + coord_fixed()
DimPlot(filtered.dt, group.by = "TimePoint") + coord_fixed()

filtered.dt$clusterID <- filtered.dt$RNA_snn_res.0.4
filtered.dt$seurat_clusters <- filtered.dt$RNA_snn_res.0.4
Idents(filtered.dt) <- filtered.dt$RNA_snn_res.0.4
DimPlot(filtered.dt, split.by = "TimePoint",label=TRUE) + coord_fixed()
UMAPPlot(filtered.dt,label=F,split.by="Treatment",ncol=6)+coord_fixed()
# degs

filtered.dt$clusterID <- filtered.dt$RNA_snn_res.0.4
de <- FindAllMarkers(filtered.dt@assays$RNA@data, as.character(filtered.dt$clusterID))
de <- setorderv(as.data.frame(de),c("cluster","avg_logFC","pct.1","pct.2"),c(1,-1,1,-1)) #1是升 ?,-1是降 ?
de <- de[de$avg_logFC>0.25 & de$p_val<0.05 & de$pct.1>0.1,]
de %>% split(de$cluster) %>% write.xlsx(file="../Phase3/Epithelial/02_filtered.epi.clusterDEGs.xlsx")
saveRDS(de, "../Phase3/Epithelial/02_filtered.epi.clusterDEGs.rds")
top.15.de <- de %>% dplyr::filter(pct.1 > 0.3) %>% group_by(cluster) %>% top_n(15, avg_logFC)
top.15.de

clusters <- unique(filtered.dt$clusterID)
top15.df <- data.frame(row.names = 1:15)
for (i in clusters){
  genes <- top.15.de[top.15.de$cluster==i,]$gene
  length(genes)
  if (length(genes)==15){
    top15.df[,as.character(i)] <- genes
  }else{
    top15.df[,as.character(i)] <- c(genes,rep("NA",15-length(genes)))
  }
}
top15.df
top.5.de <- de %>% dplyr::filter(pct.1 > 0.3) %>% group_by(cluster) %>% top_n(5, avg_logFC)
DotPlot(filtered.dt, features = unique(top.5.de$gene),cols = c("RdYlBu"),group.by="clusterID")+coord_flip()
degs <- unique(de$gene[grep("^KRT",de$gene)])
degs
DotPlot(filtered.dt, features = c("EPCAM",degs,"CD69","PECAM1"),cols = c("RdYlBu"),group.by="clusterID")+coord_flip()
VlnPlot(filtered.dt, features = c("nCount_RNA","nFeature_RNA"),pt.size = 0,group.by = "clusterID")

DotPlot(filtered.dt, features = c("KRT4","KRT7","KRT8","KRT17","KRT19","EPCAM",
                                  "COL1A2","COL8A1","LUM","DCN","PDPN","VCAN","MYLK","MYH11","VWF","PECAM1","STMN1",
                                  "PTPRC","IGLV2-14","IGHM","CXCL14","CXCL1","CCL5","IGKV3-20","JCHAIN","HLA-A","CD69"),cols = c("RdYlBu"),group.by="RNA_snn_res.0.4")+coord_flip()
# GO
source("~/scripts/GO/Hs.clusterFunction.R")
de <- readRDS("../Phase3/Epithelial/02_filtered.epi.clusterDEGs.rds")
top100de <-  de %>% group_by(cluster) %>% top_n(100, avg_logFC)
dir.create("../Phase3/Epithelial/top100DEGs.GO/")
RunHsGO(mks=top100de,outdir="../Phase3/Epithelial/top100DEGs.GO/")


saveRDS(filtered.dt,"../Phase3/Epithelial/02_filtered.epi.rds")


# after copykat
library(copykat)
library(readr)
library(dplyr)
library(tidyverse)

patients <- unique(filtered.dt$Patient.ID)
for (i in patients){
  print(i)
  CNA.test <- read_tsv(paste0("../Phase3/Epithelial/b.cell.as.diploid.", i, "_copykat_CNA_results.txt"))
  #head(CNA.test)
  pred.test <- read_tsv(paste0("../Phase3/Epithelial/b.cell.as.diploid.", i, "_copykat_prediction.txt"))
  #head(pred.test)
  print("finished reading files")
  
  
  my_palette <- colorRampPalette(rev(RColorBrewer::brewer.pal(n = 3, name = "RdBu")))(n = 999)
  
  chr <- as.numeric(CNA.test$chrom) %% 2+1
  rbPal1 <- colorRampPalette(c('black','grey'))
  CHR <- rbPal1(2)[as.numeric(chr)]
  chr1 <- cbind(CHR,CHR)
  
  rbPal5 <- colorRampPalette(RColorBrewer::brewer.pal(n = 8, name = "Dark2")[2:1])
  
  com.preN <- pred.test$copykat.pred
  pred <- rbPal5(2)[as.numeric(factor(com.preN))]
  
  cells <- rbind(pred,pred)
  col_breaks = c(seq(-1,-0.4,length=50),seq(-0.4,-0.2,length=150),seq(-0.2,0.2,length=600),seq(0.2,0.4,length=150),seq(0.4, 1,length=50))
  
  Cairo::CairoJPEG(paste0("../Phase3/Epithelial/copykat/",i, "adjuasted.resolution.jpeg"), quality = 100, width =2000, height = 1500)
  print("configured Cario output")
  heatmap.3(t(CNA.test[,4:ncol(CNA.test)]),dendrogram="r", distfun = function(x) parallelDist::parDist(x,threads =50, method = "euclidean"), hclustfun = function(x) hclust(x, method="ward.D2"),
            ColSideColors=chr1,RowSideColors=cells,Colv=NA, Rowv=TRUE,
            notecol="black",col=my_palette,breaks=col_breaks, key=TRUE,
            keysize=1, density.info="none", trace="none",
            cexRow=0.1,cexCol=0.1,cex.main=1,cex.lab=0.1,
            symm=F,symkey=F,symbreaks=T,cex=1, cex.main=4, margins=c(10,10))
  
  print("finished plotting")
  legend("topright", paste("pred.",names(table(com.preN)),sep=""), pch=15,col=RColorBrewer::brewer.pal(n = 8, name = "Dark2")[2:1], cex=0.6, bty="n")
  dev.off()
  
}
aneuploid.cellIDs <- c()
for (i in patients){
  #print(i)
  patient.CNV.df <- read_tsv(paste0("../Phase3/Epithelial/b.cell.as.diploid.", i, "_copykat_prediction.txt"))
  #print(table(patient.CNV.df$copykat.pred))
  patient.CNV.df.cellID <- patient.CNV.df$cell.names
  patient.CNV.df.aneuploid <- patient.CNV.df %>% filter(copykat.pred=="aneuploid")
  patient.CNV.df.aneuploid.cellID <- as.vector(patient.CNV.df.aneuploid$cell.names)
  aneuploid.cellIDs <- c(aneuploid.cellIDs, patient.CNV.df.aneuploid.cellID)
}

test.seurat <- filtered.dt
copykat.predictions <- c()
for (i in as.vector(test.seurat$cellID)){
  if (i %in% aneuploid.cellIDs){
    copykat.predictions <- c(copykat.predictions, "aneuploid")
  }
  else{copykat.predictions <- c(copykat.predictions, "diploid")}
}
copykat.predictions

test.seurat[["copykatPrediction"]] <- copykat.predictions

DimPlot(test.seurat, group.by = "copykatPrediction",split.by="TimePoint") 
DimPlot(test.seurat, group.by = "copykatPrediction")+coord_fixed() +labs(title="")
# Plots
dir.create("../Phase3/Epithelial/figures")

## fraction
library(SCP)
pa <- unique(test.seurat$Treatment)
pa[order(pa)]
pa.level <- c("P1-pre","P1-post","P2-pre","P2-post","P3-pre","P3-post","P4-pre", "P4-post", "P5-pre", "P6-pre", "P7-pre", "P7-post", "P8-post","P9-post",
              "P10-post", "P11-post", "P12-post", "P13-post" ,"P14-post", "P15-post", "P16-post", "P17-post", "P18-post")
test.seurat$Treatment <- factor(test.seurat$Treatment, levels = pa.level)
CellStatPlot(test.seurat, stat.by = "copykatPrediction", group.by = "Treatment", palette = "Set1", stat_type = "count", position = "dodge")
ggsave("../Phase3/Epithelial/figures/fraction_Treatment-copykatPrediction.pdf",width=10,height = 5)
CellStatPlot(test.seurat[,test.seurat$TimePoint=="Post"], stat.by = "copykatPrediction", group.by = "Efficacy.group", palette = "Set1", stat_type = "count", position = "dodge")
ggsave("../Phase3/Epithelial/figures/fraction_Efficacy.group-copykatPrediction-Post.pdf",width=6,height = 5)
test.seurat$Efficacy.2 <- test.seurat$`Efficacy-2`
CellStatPlot(test.seurat[,test.seurat$TimePoint=="Pre"], stat.by = "copykatPrediction", group.by = "Efficacy.2", palette = "Set1", stat_type = "count", position = "dodge")
ggsave("../Phase3/Epithelial/figures/fraction_Efficacy.2-copykatPrediction-Pre.pdf",width=6,height = 5)
## UMAP
CellDimPlot(
  srt = test.seurat, group.by = "clusterID", pt.size = 0.01,
  reduction = "UMAP", theme_use = "theme_blank"
)
ggsave("../Phase3/Epithelial/figures/UMAP_cluster.pdf",width = 6,height = 5)
CellDimPlot(
  srt = test.seurat, group.by = "Treatment", pt.size = 0.01,
  reduction = "UMAP", theme_use = "theme_blank"
)
ggsave("../Phase3/Epithelial/figures/UMAP_Treatment.pdf",width = 6,height = 5)
CellDimPlot(
  srt = test.seurat, group.by = "copykatPrediction", pt.size = 0.01,
  reduction = "UMAP", theme_use = "theme_blank",palcolor = c("darkred","lightgray")
)
ggsave("../Phase3/Epithelial/figures/UMAP_copykatPrediction.pdf",width = 6,height = 5)
CellDimPlot(
  srt = test.seurat, group.by = "copykatPrediction",split.by = "TimePoint", pt.size = 0.01,
  reduction = "UMAP", theme_use = "theme_blank",palcolor = c("darkred","lightgray")
)
ggsave("../Phase3/Epithelial/figures/UMAP_copykatPrediction-TimePoint.pdf",width = 10,height = 5)
## FeaturePlot
Cairo::CairoPNG("../Phase3/Epithelial/figures/FeaturePlot.Epithelial.png",width=11*300,height=9*300,dpi=300)
FeaturePlot(filtered.dt, 
            features =  c("EPCAM","KRT8","KRT18",
                          "KRT7","KRT19","KRT14",
                          "KRT16","KRT17", "KRT15"
            ),
            cols = c("lightgray","yellow","red"),order=TRUE,ncol=3,pt.size=0.1)
dev.off()
library(scRNAtoolVis)
Cairo::CairoPNG("../Phase3/Epithelial/figures/FeaturePlot.Epithelial1.png",width=11*300,height=9*300,dpi=300)
featurePlot(object = filtered.dt,
            genes = c("EPCAM","KRT8","KRT18",
                      "KRT7","KRT19","KRT14",
                      "KRT16","KRT17", "KRT15"
            ),
            ncol = 3,color = c("lightgray","yellow","red"),#keep.oneCor = T,
            add.corArrow = T)
dev.off()
saveRDS(test.seurat,"../Phase3/Epithelial/02_filtered.epi.anno.rds")

dir.create("../Phase3/Epithelial/20230904_group.DE")
malignant.dt <- test.seurat[,test.seurat$copykatPrediction=="aneuploid"]
malignant.pre <- malignant.dt[,malignant.dt$TimePoint=="Pre"] #974
malignant.post <- malignant.dt[,malignant.dt$TimePoint=="Post"] #11376
paried.sample.dt <- malignant.dt[,malignant.dt$Patient.ID %in% c("P1","P2","P3","P4","P7")] #2686

library(Seurat)
Idents(malignant.pre) <- malignant.pre$Efficacy.2
# pre.de <- FindMarkers(malignant.pre,ident.1 = "pCR",ident.2 = "Non-pCR",only.pos = T,test.use = "t",logfc.threshold = 0)
pre.de <- FindAllMarkers(malignant.pre@assays$RNA@data, as.character(malignant.pre$Efficacy.2))
pre.de <- setorderv(pre.de,c("cluster","avg_logFC","pct.1","pct.2"),c(1,-1,1,-1)) 
pre.de <- pre.de[pre.de$cluster=="pCR",]
dim(pre.de)
openxlsx::write.xlsx(pre.de,"../Phase3/Epithelial/20230904_group.DE/2_Pre_pCR.vs.Non-pCR.allgenes.xlsx")

Idents(malignant.post) <- malignant.post$Efficacy.group
# post.de <- FindMarkers(malignant.post,ident.1 = "Responder",ident.2 = "Non-Responder",only.pos = T,test.use = "t",logfc.threshold = 0)
post.de <- FindAllMarkers(malignant.post@assays$RNA@data, as.character(malignant.post$Efficacy.group))
post.de <- setorderv(post.de,c("cluster","avg_logFC","pct.1","pct.2"),c(1,-1,1,-1)) 
post.de <- post.de[post.de$cluster=="Responder",]
dim(post.de)
openxlsx::write.xlsx(post.de,"../Phase3/Epithelial/20230904_group.DE/1_Post_Responder.vs.Non-Responder.allgenes.xlsx")
Idents(paried.sample.dt) <- paried.sample.dt$TimePoint
# paried.sample.de <- FindMarkers(paried.sample.dt,ident.1 = "Post",ident.2 = "Pre",only.pos = T,test.use = "t",logfc.threshold = 0)
paried.sample.de <- FindAllMarkers(paried.sample.dt@assays$RNA@data, as.character(paried.sample.dt$TimePoint))
paried.sample.de <- setorderv(paried.sample.de,c("cluster","avg_logFC","pct.1","pct.2"),c(1,-1,1,-1)) 
paried.sample.de <- paried.sample.de[paried.sample.de$cluster=="Post",]
dim(paried.sample.de)
openxlsx::write.xlsx(paried.sample.de,"../Phase3/Epithelial/20230904_group.DE/3_paired_Post.vs.Pre.allgenes.xlsx")

