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Load the Required Libraries

library('edgeR’)
library("DESeq2")
library("doParallel")
library ("bigmemory")
library("gtools")
library("permutations")
library("statmod")

Analysis of Cumulus Cells

Load and organize the count data
CC_counts=read.csv(file.choose())
CC <- CC_counts][,-1]
rownames(CC) <- CC_counts[,1]

Filter to remove lowly expressed transcripts
keep <- rowSums( cpm(CC) >5)>=5

CC<-CC[keep,]

DEG Small vs Large CC

edgeR

colnames(CC)

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont","Spont", "Spont","Spont" ), levels=c("Small",
"Large", "Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=CC, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupLarge")
res_small_large_edgeR<-topTags(dds,n=Inf)Stable



DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(CC)

dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_large_DeSeq<-results(dds, contrast=c("group","Small" ,"Large"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_large_DeSeq<-res_small_large_DeSeq[with(res_small_large_DeSeq, order(pvalue)), ]

Merge results for edgeR and DESeq2
merged_res_small_large<-merge(res_small_large_edgeR, res_small_large_DeSeq,
by.x="row.names", by.y="row")
merged_res_small_large<-merged_res_small_large[merged_res_small_largeSPValue<=0.01 &
merged_res_small_largeSpvalue<=0.01,]
merged_res_small_large<-merged_res_small_large[with(merged_res_small_large,
order(PValue)),]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))
perm_without_replacement(17,17)}

permutation_matrix<-matrix(,nrow=200000,ncol=17)

for (i in seq(1:200000)){
sampling <- sample(1:17,17, replace = FALSE)
if (! identical(sampling, c(1:17))){
permutation_matrix[i,]<-sample(1:17,17, replace = FALSE) }}

permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]
sequence.pvalue<-seq(0.005, 0.05, 0.005)
results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,

separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results)



Calculate eFDR for edgeR
no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="'cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Small","Large", "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupLarge")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)

total.rand <- rand * dim(CC)[1]

gvalue<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))

rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%



foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {
group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Small","Large", "Spont"))
design <- model.matrix(~group)
colData<-data.frame("group"=group)
rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)
dds<- results(dds, contrast=c("group","Small" ,"Large"), pAdjustMethod="fdr",
tidy=TRUE)
length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(CC)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))
gvalue3<-cbind(qvalue,qvalue2)
rm(results.rand)
system("rm incidence_matrix.bin")

system("rm incidence_matrix.desc")

DEG Small vs Spontaneous CC

edgeR

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont","Spont", "Spont","Spont" ), levels=c("Small",
"Large", "Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=CC, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupSpont")

res_small_spont_edgeR<-topTags(dds,n=Inf)Stable

DESeq2
design<-model.matrix(~group)



colData<-data.frame("group"=group)

rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_spont_DeSeq<-results(dds, contrast=c("group","Small" ,"Spont"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_spont_DeSeq<-res_small_spont_DeSeq[with(res_small_spont_DeSeq,
order(pvalue)), ]

Merge results for edgeR and DESeq2
merged_res_small_spont<-merge(res_small_spont_edgeR, res_small_spont_DeSeq,
by.x="row.names", by.y="row")
merged_res_small_spont<-merged_res_small_spont[merged_res_small_spontSPValue<=0.01
& merged_res_small_spontSpvalue<=0.01,]
merged_res_small_spont<-merged_res_small_spont[with(merged_res_small_spont,
order(PValue)), ]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))
perm_without_replacement(17,17)}

permutation_matrix<-matrix(,nrow=200000,ncol=17)

for (i in seq(1:200000)){
sampling <- sample(1:17,17, replace = FALSE)
if (! identical(sampling, c(1:17))){
permutation_matrix[i,]<-sample(1:17,17, replace = FALSE) }}

permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]

sequence.pvalue<-seq(0.005, 0.05, 0.005)

results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")

mdesc_result<- describe(results)

Calculate eFDR for edgeR
no_cores <- detectCores() - 1



cl <- makeCluster(no_cores)
registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Small","Large", "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupSpont")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)

total.rand <- rand * dim(CC)[1]

gvalue<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))

rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {



group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]

group<-factor(group, levels=c("Small","Large", "Spont"))

design <- model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)

dds<- results(dds, contrast=c("group","Small" ,"Spont"), pAdjustMethod="fdr",
tidy=TRUE)

length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(CC)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))
gvalue3<-cbind(qvalue,qvalue2)
rm(results.rand)

system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

DEG Large vs Spontaneous CC

edgeR

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont","Spont", "Spont","Spont" ), levels=c("Large",
"Small", "Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=CC, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupSpont")

res_large_spont_edgeR<-topTags(dds,n=Inf)Stable

DESeq2
design<-model.matrix(~group)
colData<-data.frame("group"=group)



rownames(colData)<-colnames(CC)

dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds<-DESeq(dds)

res_large_spont_DeSeq<-results(dds, contrast=c("group","Large" ,"Spont"),
pAdjustMethod="fdr", tidy=TRUE)
res_large_spont_DeSeq<-res_large_spont_DeSeq[with(res_large_spont_DeSeq, order(pvalue)),

]

Merge results for edgeR and DESeq2
merged_res_large_spont<-merge(res_large_spont_edgeR, res_large_spont_DeSeq,
by.x="row.names", by.y="row")
merged_res_large_spont<-merged_res_large_spont[merged_res_large_spont$SPValue<=0.01 &
merged_res_large_spontSpvalue<=0.01,]
merged_res_large_spont<-merged_res_large_spont[with(merged_res_large_spont,
order(PValue)), ]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))
perm_without_replacement(17,17)}

permutation_matrix<-matrix(,nrow=200000,ncol=17)

for (i in seq(1:200000)){
sampling <- sample(1:17,17, replace = FALSE)
if (! identical(sampling, c(1:17))){
permutation_matrix[i,]<-sample(1:17,17, replace = FALSE) }}

permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]

sequence.pvalue<-seq(0.005, 0.05, 0.005)

results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results)

Calculate eFDR for edgeR

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)



registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Large", “Small”, "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupSpont")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)

total.rand <- rand * dim(CC)[1]

gvalue<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))

rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {



group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]

group<-factor(group, levels=c("Large", "Small”, "Spont"))

design <- model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)

dds<- results(dds, contrast=c("group","Large", “Spont”), pAdjustMethod="fdr",
tidy=TRUE)

length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(CC)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))
gvalue3<-cbind(qvalue,qvalue2)
rm(results.rand)

system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Analysis of Oocytes

Load the oocyte count data
Oocyte_counts=read.csv(file.choose())
Oocyte <- Oocyte_counts|,-1]
rownames(Oocyte) <- Oocyte_counts|,1]

Filter to remove lowly expressed transcripts

keep <- rowSums( cpm(Oocyte) >5)>=4
Oocyte<-Oocyte[keep,]

DEG Small vs Large Oocytes




edgeR

colnames(Oocyte)

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont","Spont", "Spont" ), levels=c("Small", "Large",
"Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=Oocyte, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupLarge")
res_small_large_edgeR<-topTags(dds,n=Inf)Stable

DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(Oocyte)

dds<-DESeqDataSetFromMatrix(countData=0ocyte, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_large_DeSeq<-results(dds, contrast=c("group","Small" ,"Large"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_large_DeSeq<-res_small_large_DeSeq[with(res_small_large_DeSeq, order(pvalue)), ]

Merge the results for edgeR and DESeq2
merged_res_small_large<-merge(res_small_large_edgeR, res_small_large_DeSeq,
by.x="row.names", by.y="row")
merged_res_small_large<-merged_res_small_large[merged_res_small_largeSPValue<=0.01 &
merged_res_small_largeSpvalue<=0.01,]
merged_res_small_large<-merged_res_small_large[with(merged_res_small_large,
order(PValue)), ]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))
perm_without_replacement(16,16)}

permutation_matrix<-matrix(,nrow=200000,ncol=16)

for (i in seq(1:200000)){
sampling <- sample(1:16,16, replace = FALSE)
if (! identical(sampling, c(1:16))){
permutation_matrix[i,]<-sample(1:16,16, replace = FALSE) }}



permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]
sequence.pvalue<-seq(0.005, 0.05, 0.005)

results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results)

Calculate eFDR for edgeR
no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c(“Small”, “Large”, "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupLarge")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)

total.rand <- rand * dim(Oocyte)[1]

gvalue<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))

rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")



Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {
group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Small”, “Large”, "Spont"))
design <- model.matrix(~group)
colData<-data.frame("group"=group)
rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)
dds<- results(dds, contrast=c("group", “Small”, "Large"), pAdjustMethod="fdr",
tidy=TRUE)
length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(Oocyte)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))

gvalue3<-cbind(qvalue,qvalue2)
rm(results.rand)

system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")



DEG Small vs Spont Oocytes

edgeR

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont","Spont", "Spont" ), levels=c("Small", "Large",
"Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=0ocyte, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupSpont")
res_small_spont_edgeR<-topTags(dds,n=Inf)Stable

head(res_small_spont_edgeR,n=30)

DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(Oocyte)
dds<-DESeqDataSetFromMatrix(countData=0ocyte, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_spont_DeSeq<-results(dds, contrast=c("group","Small" ,"Spont"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_spont_DeSeq<-res_small_spont_DeSeq[with(res_small_spont_DeSeq,
order(pvalue)), ]

head(res_small_spont_DeSeq,n=30)

Merge the results for edgeR and DESeq2
merged_res_small_spont<-merge(res_small_spont_edgeR, res_small_spont_DeSeq,
by.x="row.names", by.y="row")
merged_res_small_spont<-merged_res_small_spont[merged_res_small_spontSPValue<=0.01
& merged_res_small_spontSpvalue<=0.01,]

dim(merged_res_small_spont) #128

head(merged_res_small_spont)
merged_res_small_spont<-merged_res_small_spont[with(merged_res_small_spont,
order(PValue)), ]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))

perm_without_replacement(16,16)}

permutation_matrix<-matrix(,nrow=200000,ncol=16)



for (i in seq(1:200000)){
sampling <- sample(1:16,16, replace = FALSE)
if (! identical(sampling, c(1:16))){
permutation_matrix[i,]<-sample(1:16,16, replace = FALSE) }}

permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]
sequence.pvalue<-seq(0.005, 0.05, 0.005)

results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results)

Calculate eFDR for edgeR
no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c(“Small”, “Large”, "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupSpont")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)

total.rand <- rand * dim(Oocyte)[1]

gvalue<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))



rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {
group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c( ”“Small”, “Large”, "Spont"))
design <- model.matrix(~group)
colData<-data.frame("group"=group)
rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)
dds<- results(dds, contrast=c("group","Small", “Spont”), pAdjustMethod="fdr",
tidy=TRUE)
length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(Oocyte)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))

gvalue3<-cbind(qvalue,qvalue2)

rm(results.rand)
system("rm incidence_matrix.bin")



system("rm incidence_matrix.desc")
system("rm incidence_matrix.desc")

DEG Large vs Spont Oocyte

edgeR

group<-factor(c("Small","Small", "Small","Small", "Small","Small", "Large", "Large","Large",
"Large", "Large", "Large", "Spont", "Spont", "Spont","Spont" ), levels=c("Large", "Small",
"Spont"))

design<-model.matrix(~group)

dds<-DGEList(count=0ocyte, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupSpont")
res_large_spont_edgeR<-topTags(dds,n=Inf)Stable

head(res_large_spont_edgeR,n=30)

DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(Oocyte)
dds<-DESeqDataSetFromMatrix(countData=0ocyte, colData=colData, design= ~group)
dds<-DESeq(dds)

res_large_spont_DeSeq<-results(dds, contrast=c("group","Large" ,"Spont"),
pAdjustMethod="fdr", tidy=TRUE)
res_large_spont_DeSeq<-res_large_spont_DeSeq[with(res_large_spont_DeSeq, order(pvalue)),
]

head(res_large_spont_DeSeq,n=30)

Merge the results for edgeR and DESeq2
merged_res_large_spont<-merge(res_large_spont_edgeR, res_large_spont_DeSeq,
by.x="row.names", by.y="row")
merged_res_large_spont<-merged_res_large_spont[merged_res_large_spont$SPValue<=0.01 &
merged_res_large_spontSpvalue<=0.01,]

head(merged_res_large_spont)
merged_res_large_spont<-merged_res_large_spont[with(merged_res_large_spont,
order(PValue)), ]

Calculate eFDR; this code should only be run on a multi-core server

Build permutation matrix

perm_without_replacement <- function(n, r){
return(factorial(n)/factorial(n - r))
perm_without_replacement(16,16)}



permutation_matrix<-matrix(,nrow=200000,ncol=16)

for (i in seq(1:200000)){
sampling <- sample(1:16,16, replace = FALSE)
if (! identical(sampling, c(1:16))){
permutation_matrix[i,]<-sample(1:16,16, replace = FALSE) }}

permutation_matrix<-permutation_matrix[!duplicated(permutation_matrix),]
permutation_matrix<-permutation_matrix[sample(1:200000 , 10000),]

rand<-dim(permutation_matrix)[1]
sequence.pvalue<-seq(0.005, 0.05, 0.005)

results <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results)

Calculate eFDR for edgeR
no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results[,]<-foreach(i = sequence.pvalue, .combine='"rbind’, .inorder=TRUE,
.packages=c("edgeR","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("edgeR","bigmemory"),
.verbose=TRUE ) %dopar% {
group<-c("Small","Small","Small","Small","Small",
"Small","Large","Large","Large","Large", "Large", "Large", "Spont", "Spont", "Spont",
"Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Large", “Small”, "Spont"))
design <- model.matrix(~group)
dds<-DGEList(count=CC, group=group)
dds<-estimateDisp(dds, design, robust=TRUE)
dds <- glmFit(dds, design)
dds<-gImLRT(dds,coef="groupSpont")
length(which(topTags(dds,n=Inf)StableSPValue <= i)) }

stopCluster(cl)
total.rand <- rand * dim(Oocyte)[1]
gvalue<-data.frame(raw.pvalue = sequence.pvalue,



e.pvalue.edgeR= (rowSums(results[,]+1))/(total.rand+1),
e.pvalue.edgeR.round= round((rowSums(results[,]+1))/(total.rand+1) ,4))

rm(results)
system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")

Calculate eFDR for DESeq2

results.rand <- filebacked.big.matrix(length(sequence.pvalue),rand, type="double", init=0,
separated=FALSE, backingfile="incidence_matrix.bin", descriptor="incidence_matrix.desc")
mdesc_result<- describe(results.rand)

no_cores <- detectCores() - 1
cl <- makeCluster(no_cores)
registerDoParallel(cl)

results.rand[,]<-foreach(i = sequence.pvalue, .combine='rbind', .inorder=TRUE,
.packages=c("DESeq2","bigmemory"), .verbose=TRUE) %:%

foreach(j = 1:rand, .combine="cbind', .inorder=FALSE,.packages=c("DESeq2","bigmemory"),
.verbose=TRUE ) %dopar% {
group<c("Small","Small","Small","Small","Small","Small","Large","Large","Large","Large"
,"Large","Large", "Spont", "Spont", "Spont", "Spont")
group<-group[permutation_matrix[j,]]
group<-factor(group, levels=c("Large", "Small”, "Spont"))
design <- model.matrix(~group)
colData<-data.frame("group"=group)
rownames(colData)<-colnames(CC)
dds<-DESeqDataSetFromMatrix(countData=CC, colData=colData, design= ~group)
dds <- DESeq(dds)
dds<- results(dds, contrast=c("group", “Large”, “Spont”), pAdjustMethod="fdr",
tidy=TRUE)
length(which(ddsSpvalue <=i)) }

stopCluster(cl)

results.rand[1:5,1:5]
total.rand <- rand * dim(Oocyte)[1]

gvalue2<-data.frame(raw.pvalue = sequence.pvalue,
e.pvalue.DESEQ2= (rowSums(results.rand[,]+1))/(total.rand+1),
e.pvalue.DESEQ2.round= round((rowSums(results.rand[,]+1))/(total.rand+1) ,4))

gvalue3<-cbind(qvalue,qvalue2)



rm(results.rand)

system("rm incidence_matrix.bin")
system("rm incidence_matrix.desc")
system("rm incidence_matrix.desc")

Analysis of Oocytes Minus Library Three

Re-load the oocyte count data
Oocyte_counts=read.csv(file.choose())
Oocyte <- Oocyte_counts|,-1]
rownames(Oocyte) <- Oocyte_counts|,1]

Remove library 3
Oocyte<-Oocytel,-3]
head(Oocyte)

Filter to remove lowly expressed transcripts
keep <- rowSums( cpm(Oocyte) >5)>=4
Oocyte<-Oocyte[keep,]

head(Oocyte)

DEG Small vs Large Oocyte Minus Library Three

edgeR

group<-factor(c("Small","Small","Small", "Small","Small", "Large", "Large","Large", "Large",
"Large", "Large", "Spont", "Spont","Spont", "Spont" ), levels=c("Small", "Large", "Spont"))
design<-model.matrix(~group)

dds<-DGEList(count=0ocyte, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupLarge")

res_small_large_edgeR<-topTags(dds,n=Inf)Stable

head(res_small_large_edgeR,n=30)

DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(Oocyte)

dds<-DESeqDataSetFromMatrix(countData=0ocyte, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_large_DeSeq<-results(dds, contrast=c("group","Small" ,"Large"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_large_DeSeq<-res_small_large_DeSeq[with(res_small_large_DeSeq, order(pvalue)), ]



head(res_small_large_DeSeq,n=30)

Merge the results for edgeR and DESeq2
merged_res_small_large_minus_3<-merge(res_small_large_edgeR, res_small_large_DeSeq,
by.x="row.names", by.y="row")

merged_res_small_large_minus_3<-
merged_res_small_large_minus_3[merged_res_small_large_minus_3S$PValue<=0.01 &
merged_res_small_large_minus_3Spvalue<=0.01,]

dim(merged_res_small_large_minus_3)

head(merged_res_small_large_minus_3)

merged_res_small_large_minus_3<-
merged_res_small_large_minus_3[with(merged_res_small_large_minus_3, order(PValue)), ]

Merge the results for initial and validation analysis
merged_res_small_large_validated<-merge(merged_res_small_large,
merged_res_small_large_minus_3, by.x="row.names", by.y="row.names", all.x=TRUE,
all.y=FALSE)

DEG Small vs Spont Oocyte Minus Library Three

edgeR

group<-factor(c("Small", "Small","Small", "Small","Small", "Large", "Large","Large", "Large",
"Large", "Large", "Spont", "Spont","Spont", "Spont" ), levels=c("Small", "Large", "Spont"))
design<-model.matrix(~group)

dds<-DGEList(count=0ocyte, group=group)

dds<-estimateDisp(dds, design, robust=TRUE)

dds<-glmFit(dds, design)

dds<-gImLRT(dds,coef="groupSpont")

res_small_spont_edgeR<-topTags(dds,n=Inf)Stable

head(res_small_spont_edgeR,n=30)

DESeq2

design<-model.matrix(~group)

colData<-data.frame("group"=group)

rownames(colData)<-colnames(Oocyte)
dds<-DESeqDataSetFromMatrix(countData=0ocyte, colData=colData, design= ~group)
dds<-DESeq(dds)

res_small_spont_DeSeq<-results(dds, contrast=c("group","Small" ,"Spont"),
pAdjustMethod="fdr", tidy=TRUE)
res_small_spont_DeSeq<-res_small_spont_DeSeq[with(res_small_spont_DeSeq,
order(pvalue)), ]

head(res_small_spont_DeSeq,n=30)



Merge the results for edgeR and DESeq2
merged_res_small_spont_minus_3<-merge(res_small_spont_edgeR, res_small_spont_DeSeq,
by.x="row.names", by.y="row")

merged_res_small_spont_minus_3<-
merged_res_small_spont_minus_3[merged_res_small_spont_minus_3$PValue<=0.01 &
merged_res_small_spont_minus_3Spvalue<=0.01,]

dim(merged_res_small_spont_minus_3) #165

head(merged_res_small_spont_minus_3)

tail(merged_res_small_spont_minus_3)

merged_res_small_spont_minus_3<-
merged_res_small_spont_minus_3[with(merged_res_small_spont_minus_3, order(PValue)), ]

Merge the results for initial and validation analysis
merged_res_small_spont_validated<-merge(merged_res_small_spont,
merged_res_small_spont_minus_3, by.x="row.names", by.y="row.names", all.x=TRUE,
all.y=FALSE)



