##### Load Libraries #####

library(Seurat)

library(ggplot2)

library(msigdbr)

library(fgsea)

library(ggplot2)

library(patchwork)

library(tidyverse)

library(clustree)

library(plyr)

library(dplyr)

library(cowplot)

library(readr)

library(Matrix)

library(sctransform)

library(glmGamPoi)

library(ROCR)

library(parallel)

library(fields)

library(DoubletFinder)

library(Nebulosa)

library(scales)

library(clusterProfiler)

library(CellChat)

library(patchwork)

library(circlize)

library(NMF)

library(ggalluvial)

library(dittoSeq)

options(stringsAsFactors = FALSE)

obj <- readRDS("MCAPobj.rds")

#RDS file (seurat object) is available at NCBI Gene Expression Omnibus Series Record: GSE253153 

# Add PacBio reads

# snp_data.txt is available at NCBI Gene Expression Omnibus Series Record: GSE253153 

snp_data <- read_tsv("snp_data.txt")

snp_data <-

    left_join(tibble(cell = colnames(obj)), read_tsv("snps_per_cell_barcode.txt",col_names = c("cell","base","ref","alt","depth"))) %>%

    select(-base) %>%

    mutate(ref = replace_na(ref,"Not Genotyped")) %>%

    mutate(ref = str_replace(ref,"C","Genotyped")) %>%

    mutate(alt = str_replace(alt,"T,A","T")) %>%

    mutate(alt = str_replace(alt,"T","C>T")) %>%

    mutate(alt = replace_na(alt,"Not Genotyped")) %>%

    mutate(alt = str_replace(alt,"\\.","No SNP")) %>%

    mutate(depth = replace_na(depth, 0))

summary(snp_data$cell == colnames(obj))

obj$genotyped <- snp_data$ref

obj$snp <- snp_data$alt

obj$depth <- snp_data$depth

# Plot genotypes

DimPlot(obj, reduction = 'umap', group.by = 'snp',cols=c("lightgray","blue","red"),pt.size = 1,order = c("C>T","No SNP","Not Genotyped"))

# look at proportion of cells with snp

# snp = PIK3CA chr3:179234296 C>T

table(obj$snp)

#C>T        No SNP Not Genotyped 

# 354          1540         10484 

# Run SCT with higher feature count to facilitate GESECA

# https://bioconductor.org/packages/release/bioc/vignettes/fgsea/inst/doc/geseca-tutorial.html

# view cell cycle scores and phase assignments

# A list of cell cycle markers, from Tirosh et al, 2015, is loaded with Seurat.  We can

# segregate this list into markers of G2/M phase and markers of S phase

s.genes <- cc.genes$s.genes

g2m.genes <- cc.genes$g2m.genes

obj@reductions[["pca"]] <- NULL

obj@reductions[["umap"]] <- NULL

obj@reductions[["tsne"]] <- NULL

dim(obj)

obj <- CellCycleScoring(obj, s.features = s.genes, g2m.features = g2m.genes, set.ident = TRUE)

obj$CC.Difference <- obj$S.Score - obj$G2M.Score

obj <-SCTransform(obj, verbose = FALSE, variable.features.n = 10000, vars.to.regress = c("CC.Difference","percent.mt")) #"percent.mt

length(VariableFeatures(obj)) # make sure it's a full gene universe of 10000 genes

# Calculate the reverse PCA (genes x cell) for geseca analysis

obj <- RunPCA(obj, assay = "SCT", verbose = FALSE,

              rev.pca = TRUE, reduction.name = "pca.rev",

              reduction.key="PCR_", npcs = 50)

E <- obj@reductions$pca.rev@feature.loadings

# Calculate the forward PCA (cell x genes) 

obj <- RunPCA(obj, assay = "SCT", verbose = FALSE, npcs = 50)

# Perform dimensionality reduction and generate clusters

obj  <- RunUMAP(obj, dims = 1:30, verbose = FALSE)

obj <- FindNeighbors(obj, dims = 1:30, verbose = FALSE)

obj <- FindClusters(obj, verbose = FALSE,resolution = 0.4)

DimPlot(obj, label = TRUE, pt.size=1) + 

  DimPlot(obj, reduction = 'umap', group.by = 'snp',cols=c("lightgray","blue","red"),pt.size = 1,order = c("C>T","No SNP","Not Geontyped")) +

  DimPlot(obj, reduction ='umap', group.by = 'Phase') +

  plot_density(obj, features = "VWF")

VizDimLoadings(obj, dims = 1:2, reduction = "pca")

DimHeatmap(obj, dims=1:2)

# plot variable features 

LabelPoints(plot = VariableFeaturePlot(obj), points = head(VariableFeatures(obj), 10), repel = TRUE)

obj.markers <- FindAllMarkers(obj, only.pos = TRUE, min.pct = 0.25, logfc.threshold = 0.25)

obj.markers %>%

  group_by(cluster) %>%

  top_n(n = 5, wt = avg_log2FC) -> top5

# Plot heatmap of top5

DoHeatmap(obj, features = top5$gene) + NoLegend()

# Map to skin.ref

# dataset available at http://www.skinnygenes.org/epi/

# Adult hip, sole, palm skin GSE202352

skin.ref <- readRDS("skin.ref.RDS")

skin.ref$celltype <- skin.ref@active.ident

# Map obj to skin.ref

skin.anchors <- FindTransferAnchors(reference = skin.ref, query = obj,

                                    dims = 1:30, reference.reduction = "pca")

predicted <- TransferData(anchorset = skin.anchors, refdata = skin.ref$celltype,

                          dims = 1:30, k.weight = 25)

obj <- AddMetaData(obj, metadata = predicted)

# Plot clusters and cell-type assignments

cols.celltypes <- hue_pal()(18)

cols.celltypes

names(cols.celltypes) <- levels(skin.ref$celltype)

# Plot clusters and predicted labels

DimPlot(obj, group.by="seurat_clusters",label=TRUE, pt.size=1) +

  DimPlot(obj, reduction = 'umap', group.by = 'snp',cols=c("lightgray","blue","red"),pt.size = 1,order = c("C>T","No SNP","Not Genotyped")) +

  DimPlot(obj, group.by="predicted.id", pt.size=1,cols=cols.celltypes)

# Plot reference and cultured cells in reverse pca space

DimPlot(obj, reduction="pca.rev", group.by="predicted.id", pt.size=1,cols=cols.celltypes) + NoLegend() +

  DimPlot(skin.ref, reduction="pca.rev", pt.size=1, cols=cols.celltypes)

DimPlot(obj, reduction="umap", group.by="predicted.id", pt.size=1,cols=cols.celltypes) + NoLegend() +

  DimPlot(skin.ref, reduction="umap", pt.size=1, cols=cols.celltypes)

celltypeCounts <- data.frame(table(obj$predicted.id))

colnames(celltypeCounts) <- c("Celltype","Count")

celltypeCounts$Celltype <- factor(celltypeCounts$Celltype, levels=c("Hip Fibroblasts","Undiff-Keratinocytes","Palm/Sole Fibroblasts 1","Pericytes"))

celltypeCounts$pct <- 100*celltypeCounts$Count/nrow(obj@meta.data)

ggplot(celltypeCounts, aes(fill=Celltype, y=Count, x=Celltype)) + 

  geom_bar(position="dodge", stat="identity") +

  scale_fill_manual(values = cols.celltypes) +

  theme_minimal()

# Plot MCAP sample cell types

Idents(obj) <- "predicted.id"

pdf("obj_types.pdf", heigh=5, width=7)

DimPlot(obj, label = F) +

  plot_annotation(title = 'MCAP Sample Cell Types')

dev.off()

# Plot highlighted normal skin reference umap

# skin.ref.RDS is

skin <- readRDS("skin.ref.RDS")

Idents(skin) <- "celltype"

current.cluster.ids <- c("Hip Diff-Keratinocytes 1",

                         "Palm/Sole Fibroblasts 1",

                         "Sole Undiff-Keratinocytes 1",

                         "Sole Undiff-Keratinocytes 2",

                         "Sole Diff-Keratinocytes",

                         "Palm Diff-Keratinocytes",

                         "Hip Diff-Keratinocytes 2",

                         "Hip Undiff-Keratinocytes",

                         "Pericytes",

                         "Undiff-Keratinocytes",

                         "Palm/Sole Fibroblasts 2",

                         "Hip TermDiff-Keratinocytes",

                         "Endothelial",

                         "Schwann Cells",

                         "Lymphocytes",

                         "Hip Fibroblasts",

                         "Melanocytes",

                         "Macrophages")

new.cluster.ids <- c("other cell types","other cell types","other cell types","other cell types","other cell types","other cell types",

                     "other cell types","other cell types","other cell types","other cell types","other cell types","other cell types","other cell types","Schwann Cells",

                     "other cell types","other cell types","Melanocytes","other cell types") 

skin@active.ident <- plyr::mapvalues(x = skin@active.ident, from = current.cluster.ids, to = new.cluster.ids)

skin$new.cluster.ids <- Idents(skin)

skin_2 <- skin

pdf("skin_2_types.pdf", heigh=5, width=7)

DimPlot(object = skin_2, reduction = 'umap', label = F, 

        cols = c('Schwann Cells' = 'purple',

                 'Melanocytes' = 'magenta',

                 'other cell types' = 'grey')) +

  plot_annotation(title = 'Skin Reference Cell Types')

dev.off()

#Barplot of percent of genotyped cells per cell cluster

dittoBarPlot(object = obj, "snp", group.by = "predicted.id", scale = "percent",

             color.panel = c("red", "blue", "lightgrey"), main=NULL)

# Use R package fgsea to identify top biological processes contributing to clustering

# GO:BP

pathwaysGOBP <- msigdbr("human", category="C5", subcategory = "GO:BP")

pathwaysGO <- split(pathwaysGOBP$gene_symbol, pathwaysGOBP$gs_name)

set.seed(1)

gesecaResGO <- geseca(pathwaysGO, E, minSize = 5, maxSize = 500, center = FALSE, eps=0)

head(gesecaResGO, 10)

#topPathways <- gesecaRes[, pathway] |> head(4)

DimPlot(obj, group.by="seurat_clusters", label = TRUE, pt.size=1) + 

  DimPlot(obj, reduction = 'umap', group.by = 'snp',cols=c("lightgray","blue","red"),pt.size = 1,order = c("C>T","No SNP","Not Geontyped")) +

  DimPlot(obj, reduction ='umap', group.by = 'Phase',pt.size = 1) +

  plotCoregulationProfileReduction(pathwaysGO[topPathwaysGO[1]], obj,

                                   title="GOBP_CELL_CYCLE_PROCESS",

                                   reduction="umap")

DimPlot(obj, group.by="seurat_clusters", label = TRUE, pt.size=1) + 

  DimPlot(obj, reduction ='umap', group.by = 'Phase',pt.size = 1) +

  plotCoregulationProfileReduction(pathwaysGO[topPathwaysGO[1]], obj,

                                   title="GOBP_CELL_CYCLE_PROCESS",

                                   reduction="umap")

###

# Identify features associated with clusters enriched for mutation compared to those without mutation

PIK3CAmut.markers <- FindMarkers(obj, group.by="snp", ident.1="C>T",ident.2="No SNP",only.pos = T)

PIK3CAwt.markers <- FindMarkers(obj, group.by="snp", ident.1="No SNP",ident.2="C>T",only.pos = T)

DimPlot(obj, group.by = "snp", reduction="umap", cols=c("red","blue","lightgray"),pt.size=1.3) +

  FeaturePlot(obj, features=c("PAX3","SOX11","NCAM1","MCAM","HES1","NOTCH3"),pt.size=0.8)

FeaturePlot(obj, features=c("PAX3","SOX11","NCAM1","MCAM","HES1","NOTCH3"))

DimPlot(skin.ref) +

  FeaturePlot(skin.ref, features=c("PAX3"),pt.size=1) +

  FeaturePlot(skin.ref, features=c("HES1"),pt.size=1)

table(obj@meta.data$genotyped)

# Genotyped Not Genotyped 

# 1894         10484 

# total cells = 12378FeaFeaturePlot(skin.ref, featuturePlot(skin.ref, featu

# fraction genotyped = 1894/12378 = 15.3%

genotyped <- subset(x = obj, subset = genotyped == "Genotyped")

table(genotyped$snp)

# C>T No SNP 

# 354   1540 

Idents(genotyped) <- genotyped$snp

DotPlot(genotyped,group.by="snp",features=c(rownames(PIK3CAmut.markers[1:10,]),rownames(PIK3CAwt.markers[1:10,])))

VlnPlot(genotyped, features="PAX3", cols=c("No SNP"="blue","C>T"="red"))

VlnPlot(genotyped, features="HES1", cols=c("No SNP"="blue","C>T"="red"))

# Phase of cells by snp

snpPhaseCounts <- as.data.frame(rbind(cbind(rep("wt",times=3),

                              unique(genotyped$Phase),

                              table(genotyped[which(genotyped$snp=="No SNP"),"Phase"])),

                        cbind(rep("mut",times=3),

                              unique(genotyped$Phase),

                              table(genotyped[which(genotyped$snp=="C>T"),"Phase"]))))

colnames(snpPhaseCounts) <- c("PIK3CA","Phase","Count")

snpPhaseCounts$Percent <- 100*snpPhaseCounts[,"Count"]/sum(snpPhaseCounts$Count)

rownames(snpPhaseCounts) <- 1:nrow(snpPhaseCounts)

snpPhaseCounts$Count <- as.numeric(snpPhaseCounts$Count)

snpPhaseCounts$Phase <- factor(snpPhaseCounts$Phase, levels=c("G2M","S","G1"))

ggplot(snpPhaseCounts, aes(fill=Phase, y=Count, x=PIK3CA)) + 

  geom_bar(position="stack", stat="identity") +

  scale_fill_manual(values = c("G1"="#F8766D","S"="#00BA38","G2M"="#619CFF")) +

  theme_minimal()

ggplot(snpPhaseCounts, aes(fill=Phase, y=Count, x=PIK3CA)) + 

  geom_bar(position="fill", stat="identity") +

  scale_fill_manual(values = c("G1"="#F8766D","S"="#00BA38","G2M"="#619CFF")) +

  ylab("Fraction of Cells") +

  theme_minimal()

# Chi-squared analysis of distribution of phase 

table(genotyped$snp,genotyped$Phase)

#G1 G2M   S

#C>T    166  88 100

#No SNP 633 602 305

chisqSNPphase <- chisq.test(table(genotyped$snp,genotyped$Phase))

chisqSNPphase

#Pearson's Chi-squared test

#data:  table(genotyped$snp, genotyped$Phase)

#X-squared = 27.886, df = 2, p-value = 8.802e-07

# Fraction of Cells with SNPs by cluster

seurat_clusters <- levels(genotyped$seurat_clusters)

snpByCluster <- lapply(seurat_clusters, function(cluster) {

  df <- as.data.frame(rbind(cbind(rep(cluster,times=2),

                                  c("C>T","No SNP"),

                            table(genotyped[which(genotyped$seurat_clusters==cluster),"snp"]))))

  colnames(df) <- c("cluster","PIK3CA","Count")

  return(df)

})

snpByCluster <- do.call("rbind",snpByCluster)

rownames(snpByCluster) <- 1:nrow(snpByCluster)

snpByCluster$PIK3CA <- factor(snpByCluster$PIK3CA, levels=c(c("C>T","No SNP")))

snpByCluster$Count <- as.numeric(snpByCluster$Count)

# Plots

DimPlot(obj, label=T) +

  DimPlot(obj, group.by="predicted.id", label=T) +

  FeaturePlot(obj, features=c("PAX3","SOX11","NCAM1","MCAM","HES1","NOTCH3")) +

  FeaturePlot(obj, features=c("PAX3","SOX11","HES1","NOTCH3")) +

  ggplot(snpByCluster, aes(fill=PIK3CA, y=Count, x=cluster)) + 

  geom_bar(position="stack", stat="identity") +

  scale_fill_manual(values = c("No SNP"="blue","C>T"="red")) +

  theme_minimal()

DimPlot(obj, label=T) +

ggplot(snpByCluster, aes(fill=PIK3CA, y=Count, x=cluster)) + 

  geom_bar(position="fill", stat="identity") +

  scale_fill_manual(values = c("No SNP"="blue","C>T"="red")) +

  ylab("Fraction of Cells") +

  theme_minimal()

table(genotyped$snp,genotyped$seurat_clusters)

#0   1   2   3   4   5   6   7   8   9

#C>T      9 183  90   5   3  43  10   3   6   2

#No SNP 483 223 309 162 137  72  77  11  56  1

chisqSNPcluster <- chisq.test(table(genotyped$snp,genotyped$seurat_clusters))

chisqSNPcluster

#Pearson's Chi-squared test

#data:  table(genotyped$snp, genotyped$seurat_clusters)

#X-squared = 367.07, df = 9, p-value < 2.2e-16

# Look at markers between clusters with and without mutations

mutClust.markers <- FindMarkers(obj, ident.1=c(1,2,5), ident.2=c(0,3,4),only.pos = T,min.pct = 0.25)

wtClust.markers <- FindMarkers(obj, ident.1=c(0,3,4), ident.2=c(1,2,5),only.pos = T,min.pct = 0.25)

C5genesets <- msigdbr(species = "Homo sapiens", category = "C5")

GOgenesets <- subset(C5genesets, subset=C5genesets[,"gs_subcat"]=="GO:BP")

GOtogene <- GOgenesets[,c("gs_exact_source","gene_symbol")]

GOtoname <- GOgenesets[,c("gs_exact_source","gs_name")]

y <- enricher(gene = rownames(mutClust.markers), 

                pvalueCutoff = 0.05, 

                pAdjustMethod = "BH",

                minGSSize = 15, 

                maxGSSize = 1000, 

                qvalueCutoff = 0.2, 

                TERM2GENE = GOtogene,

                TERM2NAME = GOtoname)

print(y)

write.table(y@result,file=paste0("PIK3CAmut_GO_BP.txt"), row.names=FALSE, sep="\t")

print(dotplot(y, showCategory=10))

#print(cnetplot(y, foldChange=rownames(mutClust.markers), circular = TRUE, colorEdge = TRUE))

y <- enricher(gene = rownames(wtClust.markers), 

              pvalueCutoff = 0.05, 

              pAdjustMethod = "BH",

              minGSSize = 15, 

              maxGSSize = 1000, 

              qvalueCutoff = 0.2, 

              TERM2GENE = GOtogene,

              TERM2NAME = GOtoname)

print(y)

write.table(y@result,file=paste0("PIK3CAwt_GO_BP.txt"), row.names=FALSE, sep="\t")

print(dotplot(y, showCategory=10))

#print(cnetplot(y, foldChange=rownames(wtClust.markers), circular = TRUE, colorEdge = TRUE))

DimPlot(obj, label=T) +

  DimPlot(obj, group.by = "snp", reduction="umap", cols=c("red","blue","lightgray"),pt.size=1) +

  DimPlot(obj, label=T, group.by="predicted.id")

#new.cluster.ids <- c("PIK3CAwt Hip Fibs", #0

#                     "PIK3CAmut Hip Fibs", #1

#                     "Undiff Keratinocytes", #2

#                     "PIK3CAwt Hip Fibs", #3

#                     "PIK3CAwt Hip Fibs", #4

#                     "PIK3CAmut Hip Fibs", #5

#                     "Pericytes", #6

#                     "Pericytes", #7

#                     "PIK3CAmut Hip Fibs", #8

#                     "Palm/Sole Fibroblasts" #9

#)

# Assign labels

new.cluster.ids <- c("PIK3CAwt Hip Fibs 1", #0 pattern 2 "royalblue"

                     "PIK3CAmut Hip Fibs 1", #1 pattern 3 "orangered1"

                     "Undiff Keratinocytes 1", #2 pattern 1 "peachpuff"

                     "PIK3CAwt Hip Fibs 2", #3 pattern 2 "navy"

                     "PIK3CAwt Hip Fibs 3", #4 pattern 2 "steelblue"

                     "PIK3CAmut Hip Fibs 2", #5 pattern 3 "brown"

                     "Undiff Keratinocytes 2", #6 pattern 1 "yellow"

                     "Pericytes", #7 pattern 2 "skyblue"

                     "PIK3CAmut Hip Fibs 3", #8 pattern 3 "indianred2"

                     "Palm/Sole Fibroblasts" #9 pattern 3 "red"

                     )

names(new.cluster.ids) <- levels(obj)

obj <- RenameIdents(obj, new.cluster.ids)

obj$celltype <- obj@active.ident

# Reorder

obj$celltype <- factor(obj$celltype, levels = c("Undiff Keratinocytes 1", #2 pattern 1 "peachpuff"

                                                "Undiff Keratinocytes 2", #6 pattern 1 "yellow"

                                                "PIK3CAmut Hip Fibs 3", #8 pattern 3 "indianred2"

                                                "Palm/Sole Fibroblasts", #9 pattern 3 "red"

                                                "PIK3CAmut Hip Fibs 2", #5 pattern 3 "brown"

                                                "PIK3CAmut Hip Fibs 1", #1 pattern 3 "orangered1"

                                                "PIK3CAwt Hip Fibs 3", #4 pattern 2 "steelblue"

                                                "Pericytes", #7 pattern 2 "skyblue"

                                                "PIK3CAwt Hip Fibs 1", #0 pattern 2 "royalblue"

                                                "PIK3CAwt Hip Fibs 2" #3 pattern 2 "navy"

))

obj@active.ident <- factor(obj@active.ident, levels = c("Undiff Keratinocytes 1", #2 pattern 1 "peachpuff"

                                                        "Undiff Keratinocytes 2", #6 pattern 1 "yellow"

                                                        "PIK3CAmut Hip Fibs 3", #8 pattern 3 "indianred2"

                                                        "Palm/Sole Fibroblasts", #9 pattern 3 "red"

                                                        "PIK3CAmut Hip Fibs 2", #5 pattern 3 "brown"

                                                        "PIK3CAmut Hip Fibs 1", #1 pattern 3 "orangered1"

                                                        "PIK3CAwt Hip Fibs 3", #4 pattern 2 "steelblue"

                                                        "Pericytes", #7 pattern 2 "skyblue"

                                                        "PIK3CAwt Hip Fibs 1", #0 pattern 2 "royalblue"

                                                        "PIK3CAwt Hip Fibs 2" #3 pattern 2 "navy"

))

cols.mutcelltypes <- c("grey60",

                       "grey30",

                       "indianred2",

                       "red",

                       "brown",

                       "orangered1",

                       "steelblue",

                       "skyblue",

                       "royalblue",

                       "navy")

names(cols.mutcelltypes) <- levels(obj)

DimPlot(obj, cols=cols.mutcelltypes)

#Idents(obj) <- obj$seurat_clusters

DimPlot(obj, group.by="seurat_clusters", label=T) +

  DimPlot(obj, group.by = "snp", reduction="umap", cols=c("red","blue","lightgray"),pt.size=1) +

  DimPlot(obj, label=T, group.by="predicted.id")

# Use CellChat

data.input <- GetAssayData(obj, assay = "RNA", slot = "data") # normalized data matrix

labels <- Idents(obj)

meta <- data.frame(group = labels, row.names = names(labels)) # create a dataframe of the cell labels

cellchat <- createCellChat(object = data.input, meta = meta, group.by = "group")

cellchat <- addMeta(cellchat, meta = meta, meta.name = "labels")

cellchat <- setIdent(cellchat, ident.use = "labels") # set "labels" as default cell identity

levels(cellchat@idents) # show factor levels of the cell label

groupSize <- as.numeric(table(cellchat@idents)) # number of cells in each cell group

CellChatDB <- CellChatDB.human # use CellChatDB.mouse if running on mouse data

showDatabaseCategory(CellChatDB)

# use all CellChatDB for cell-cell communication analysis

CellChatDB.use <- CellChatDB # simply use the default CellChatDB

# set the used database in the object

cellchat@DB <- CellChatDB.use

# 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("multisession", workers = 4) # do parallel

cellchat <- identifyOverExpressedGenes(cellchat)

cellchat <- identifyOverExpressedInteractions(cellchat)

# project gene expression data onto PPI (Optional: when running it, USER should set `raw.use = FALSE` in the function `computeCommunProb()` in order to use the projected data)

cellchat <- projectData(cellchat, PPI.human)

cellchat <- computeCommunProb(cellchat, population.size = TRUE)

cellchat <- filterCommunication(cellchat, min.cells = 10)

cellchat <- computeCommunProbPathway(cellchat)

cellchat <- aggregateNet(cellchat)

cellchat <- netAnalysis_computeCentrality(cellchat, slot.name = "netP")

groupSize <- as.numeric(table(cellchat@idents))

par(mfrow = c(1,2), xpd=TRUE)

netVisual_circle(cellchat@net$count, vertex.weight = groupSize, weight.scale = T, label.edge= F, title.name = "Number of interactions")

netVisual_circle(cellchat@net$weight, vertex.weight = groupSize, weight.scale = T, label.edge= F, title.name = "Interaction weights/strength")

# Signaling role analysis on the aggregated cell-cell communication network from all signaling pathways

netAnalysis_signalingRole_scatter(cellchat, color.use=cols.mutcelltypes)

ht1 <- netAnalysis_signalingRole_heatmap(cellchat, pattern = "outgoing", width=8, height=14)

ht2 <- netAnalysis_signalingRole_heatmap(cellchat, pattern = "incoming", width=8, height=14)

ht1 + ht2

par(mfrow=c(1,1))

netVisual_aggregate(cellchat, signaling = "NOTCH", layout = "chord", color.use=cols.mutcelltypes)

netAnalysis_contribution(cellchat, signaling = "NOTCH")

netAnalysis_contribution(cellchat, signaling = "CADM")

# outgoing

selectK(cellchat, pattern = "outgoing")

nPatterns = 3

cellchat <- identifyCommunicationPatterns(cellchat, pattern = "outgoing", k = nPatterns, height=12)

netAnalysis_river(cellchat, pattern = "outgoing")

# incoming

selectK(cellchat, pattern = "incoming")

nPatterns = 3

cellchat <- identifyCommunicationPatterns(cellchat, pattern = "incoming", k = nPatterns, height=12)

netAnalysis_river(cellchat, pattern = "incoming")

cellchat <- identifyCommunicationPatterns(cellchat, pattern = "outgoing", k = nPatterns, height=12, title.legend="Outgoing Contributions", color.use=cols.mutcelltypes)

cellchat <- identifyCommunicationPatterns(cellchat, pattern = "incoming", k = nPatterns, height=12, title.legend="Incoming Contributions", color.use=cols.mutcelltypes)

# Load data from 

lncRNA_t4 <- read_excel("aah7111-tables4.xlsx")

# PAX8-AS1

#LH08860

#LH08861

#LH08862

# SNAP25-AS1

#LH09981

#LH09982

# HOX10-AS

#LH14265

#LH14266

#LH14267

######

# END

######
