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1 Packages and data sets

1.1 Loading the required packages

pacman::p_load(spatstat,igraph,combinat,parallel,org.Hs.eg.db,ggplot2)
source("functions_srt.R")
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1.2 Creating the point pattern

1.2.1 Reading transcription event coordinates

The first step is to convert the transcription event files generated as described in Supplementary
Material 1 into local spatial point patterns handled by R (format .rda).

PrependPath="/home/RAID5/SP_TRANS/FINAL_BMC_AREAS"
PrependPath=paste0(PrependPath,"/P")
cat("Case 6 Area a\n")

Case 6 Area a

dirbase = paste0(PrependPath,6,"/C6_Areaa/")
x = do.ppp(dirbase=dirbase,case=6,ff=1,min.n = 10)
save(x,file="./data/RES_PANC/x.rda")

2 Statistical Analysis

2.1 Data-driven detection of atypical spatial interactions

1. For each pair of genes (𝑖, 𝑗), three interaction statistics are estimated: the cross-type 𝐾-
function (𝐾𝑖𝑗(𝑟)), the cross-type 𝐿-function (𝐿𝑖𝑗(𝑟)), and the cross-type pair correlation
function (𝑔𝑖𝑗(𝑟)).

2. For each interaction statistic, a comparison envelope for the pair (𝑖, 𝑗) is constructed from
the corresponding functions of all other gene pairs, excluding (𝑖, 𝑗) itself.

3. If the observed statistic for the pair (𝑖, 𝑗) partially falls outside the comparison envelope,
the interaction is flagged as atypical. Values above the envelope indicate spatial attraction
or aggregation, values below indicate spatial repulsion or inhibition, and values within
the envelope suggest no meaningful departure from the typical patterns observed across
the system.

4. These atypical interactions are then used to construct gene–gene graphs, in which the
width of each edge is set proportional to the number of distance intervals for which the
corresponding interaction lies outside its comparison envelope.

5. The spatial distances at which the observed interaction statistics fall outside the envelopes
are also identified.
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2.2 Estimating cross functions

Estimates of the cross-type summary functions are obtained from the observed point patterns
using the Kcross, Lcross, and pcfcross functions from the R package spatstat (Baddeley and
Turner (2005)), and the results are saved.

detectCores()

[1] 128

rvalues = seq(0,152,2)
ff = 1
file_x = "./data/RES_PANC/x.rda"
load(file_x)
sel = which(!is.na(x))
pairs1 = t(combn(sel,2))
x1 = x[sel]
X = do.call(superimpose, x1)
pairs11 = t(combn(length(sel),2))
kc.l = mclapply(1:nrow(pairs11),function(k){

Kcross(X,i=levels(marks(X))[pairs11[k,1]],
j=levels(marks(X))[pairs11[k,2]],r=rvalues,
correction="border")

})
Lc.l = mclapply(1:nrow(pairs11),function(k){

Lcross(X,i=levels(marks(X))[pairs11[k,1]],
j=levels(marks(X))[pairs11[k,2]],r=rvalues,
correction="border")

})
pcf.l = mclapply(1:nrow(pairs11),function(k){

pcfcross(X,i=levels(marks(X))[pairs11[k,1]],
j=levels(marks(X))[pairs11[k,2]],r=rvalues,
correction="iso")

})

kc = matrix(unlist(lapply(kc.l,function(x) x$border)),
ncol=length(rvalues),byrow=TRUE)

Lc = matrix(unlist(lapply(Lc.l,function(x) x$border)),
ncol=length(rvalues),byrow=TRUE)

pcf = matrix(unlist(lapply(pcf.l,function(x) x$iso)),
ncol=length(rvalues),byrow=TRUE)
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save(kc,file=paste0("./results/RES_PANC/kc_ff_",ff,".rda"))
save(Lc,file=paste0("./results/RES_PANC/Lc_ff_",ff,".rda"))
save(pcf,file=paste0("./results/RES_PANC/pcf_ff_",ff,".rda"))

2.3 Finding atypical spatial interactions

For each interaction statistic, a reference envelope for the pair (𝑖, 𝑗) is generated using the
corresponding summary functions from all other gene pairs, excluding the pair (𝑖, 𝑗).

If the observed statistic for (𝑖, 𝑗) extends partially beyond this reference envelope, the interaction
is marked as atypical.

Additionally, we record on which side of the envelope the statistic exits (above or below), as
this directionality provides further information about the nature of the deviation.

ff = 1
for(desc in c("kc","Lc","pcf")){

file_desc = paste0("./results/RES_PANC/",desc,"_ff_",ff,".rda")
load(file_desc)

switch(desc,
"kc" = {sig = oneRow(x=kc,method="all")},
"Lc" = {sig = oneRow(x=Lc,method="all")},
"pcf" = {sig = oneRow(x=pcf,method="all")}
)
file_sig = paste0("./results/RES_PANC/sig_",desc,"_ff_",ff,".rda")
save(sig,file=file_sig)

}

## side
ff = 1
for(desc in c("kc","Lc","pcf")){

file_desc = paste0("./results/RES_PANC/",desc,"_ff_",ff,".rda")
file_sig = paste0("./results/RES_PANC/sig_",desc,"_ff_",ff,".rda")
load(file_desc)
load(file_sig)
switch(desc,

"kc" = {side_out = oneRowSide(x=kc,sig=sig)},
"Lc" = {side_out = oneRowSide(x=Lc,sig=sig)},
"pcf" = {side_out = oneRowSide(x=pcf,sig=sig)}
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)
file_sig_side = paste0("./results/RES_PANC/sig_side_",desc,"_ff_",ff,".rda")
side = side_out$side
save(side,file=file_sig_side)

}

2.4 Construction of graphs from genes with atypical interactions

2.4.1 Mapping ENSEMBL IDs to gene symbols

First, we establish the correspondence between Ensembl identifiers and gene symbols to be
used in the graphs.

genes = read.csv("./GSE267680_gene_panel.csv",header=TRUE,sep='\t')
ensembl = genes$id[1:100]

a = AnnotationDbi::select(org.Hs.eg.db,
keys=ensembl,
columns="SYMBOL",
keytype="ENSEMBL")

hgnc_symbol = a$SYMBOL
save(ensembl,hgnc_symbol,file="./results/RES_PANC/annotation.rda")

2.4.2 Graphs with local interactions

Next, we generate the graphs for local point patterns.

ff = 1
for(desc in c("kc","Lc","pcf")){

file_x = "./data/RES_PANC/x.rda"
file_sig = paste0("./results/RES_PANC/sig_",desc,"_ff_",ff,".rda")
file_sig_side = paste0("./results/RES_PANC/sig_side_",desc,"_ff_",ff,".rda")
file_annotation = "./results/RES_PANC/annotation.rda"
g = do_graph(file_x,file_sig,file_sig_side,file_annotation)
file_plot=paste0("./figures/RES_PANC/graph_",desc,"_ff_",ff,".png")
png(file_plot)
plot(g)
dev.off()
file_graph = paste0("./figures/RES_PANC/graph_",desc,"_ff_",ff,".graph")
save(g,file=file_graph)
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metag = data.frame(V1 = E(g)$label1,V2 = E(g)$label2,width = E(g)$width,
out = factor(E(g)$out,levels=1:2,labels=c("low","up")))

file_metag = paste0("./figures/RES_PANC/metagraph_",desc,"_ff_",ff,".csv")
write.csv(metag,file=file_metag)

}

Baddeley, A., and R. Turner. 2005. “Spatstat: An R Package for Analyzing Spatial Point
Patterns.” Journal of Statistical Software 12: 6. https://doi.org/10.18637/jss.v012.i06.
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