- R codes used in this study (shown for human data, and for expression data in the bovine species the same code
form was used with different accession numbers and platforms).

5SS e gl a3 o Lo ools (gl g sl ool sols las Sludl esls (gl p) iegis cpl o aid, K R slaus -
(0 oolaiwl Cglae pydily 5 (o yiwd oleds b laas

setwd("F:/cow™)

# alsls o 35k

library(GEOquery)

# laools il o

geo_id <- "GSE51874"

gset <- getGEO(geo id, GSEMatrix = TRUE)
# oy ol g baosls gl 5el

data <- exprs(gset [[1]])

gene_data <- fData(gset [[1]]) # b 42 dase e ile DUl
# lags ledbl 5l (S Saled

head(gene_data)

# ools (g5lwcSly 5 )y

data [is.na(data)] <- 0 # _lie v Sula NA
data [data < 0] <- 0 # siie ylie 3 Kils

# oobie 4 o log2

data_log <- log2(data + 1)

# gl (o

summary(data_log)

# 4. Annotation b Ju5 sy IDlagys ol @ Lo

# bl Annotation 555 eailys 5 slils Wb

# =% JA& JUe: annotation.csv

# g 90 s bl opl oS o 2,81 "ID" 4 "GeneSymbol" ...

# ol ]y iigl slassls Luss a5 ol ol 5 5,3 annotation wls S (5,15 ,L

# g 5l oy o GeneSymbol slacas, « data_log sues acass

annotation <- read.csv("F:/cow/GPL6104-11576.csv", header = TRUE, stringsAsFactors = FALSE)
rownames(data_log) <- annotation§Symbol [match(rownames(data_log), annotation$ID)]

# Lm_a.la) fl; Cono )

head(rownames(data_log))

head(annotation$ID)

gene list <- c("DGATI1", "DGAT2L3", "MOGAT3", "DGAT2L6", "DGAT2L4", "MOGATI1", "DGAT2",
"MOGAT2")

gene_list %in% rownames(data log)
grep("GAT", annotation§Symbol, value = TRUE)

#5. oolgls slagyy ils GAT
gene_list <- c("DGATI", "DGAT2L3", "MOGAT3",
"DGAT2L6","DGAT2LA4","MOGATI1","DGAT2","MOGAT2")
selected genes <- data log [rownames(data_log) %in% gene_list,]
if (nrow(selected_genes) == 0) {
cat("No matching genes found. Check annotation or gene list.\n")
} else {
print(selected genes)
H
#6. laog)S s sle s



# 09,5 lp diges Vo 0S5 8 "Control" sy ai ¢ "Treatment” el

group <- factor(c(rep("Control", 10), rep("Treatment", ncol(data log) - 10)))
design <- model.matrix(~group)

keep <- apply(data_log, 1, var) >0

data_log <- data_log [keep,]

library(limma)

#7. GL....;I JEIR W WES

fit <- ImFit(data_log, design)

fit <- eBayes(fit)

# Jg o iz evalive

head(gene _list)

#8. s mls

top_table <- topTable(fit, coef = 2, number = Inf, sort.by = "p")
head(top_table)

#9. slogs mbs gl GAT

gat results <- top_table [top_table$SID %in% gene list,]
print(gat results)

# 1L 550 slaaslilis
library(ggplot2)
gy Concd
genes_of interest <- c("DGATI1", "DGAT2L3", "MOGAT3", "DGAT2L6", "DGAT2L4", "MOGATI",
"DGAT2", "MOGAT2")
# sy &l ail> Boxplot o5 ,2 sl
for (gene in genes_of interest) {
# ol o5 slassls
gene_data <- data.frame(
Group = rep(group, each = 1),
Expression = c(data_log [gene, group == "Control"] ,
data log [gene, group == "Treatment"])

# =) Boxplot

plot <- ggplot(gene_data, aes(x = Group, y = Expression)) +
geom_boxplot(aes(fill = Group), alpha =0.7) +
theme_minimal() +
labs(x = "Group", y = "Expression Level", title = paste("Boxplot of", gene)) +
scale fill manual(values = c¢("Control" = "skyblue", "Treatment" = "orange"))

#loges Lioles
print(plot)

# b 4 Joges 0,53
ggsave(filename = pasteO("Boxplot ", gene, ".png") , plot = plot, width = 6, height = 4)
}

library(ggplot2)
pca <- prcomp(t(data_log), scale. = TRUE)
pca_data <- data.frame(PC1 = pca$x [,1], PC2 = pca$x [,2] , Group = group)
ggplot(pca_data, aes(x = PC1, y = PC2, color = Group)) +
geom_point(size = 3) +
theme_minimal() +
labs(title = "PCA of Gene Expression Data")
str(data_log)  # Wealy Jlialu )
dim(data_log)  # o il =l
length(group) — # Wes R Jsh



table(group)  # ey S a5

print(ggplot(pca_data, aes(x = PC1, y = PC2, color = Group)) +
geom_point(size = 3) +
theme_minimal() +
labs(title = "PCA of Gene Expression Data"))

# ools gjlmoslel 5 (oan)
if (any(is.na(data_log))) {
data log <- na.omit(data log)
}
if (any(is.infinite(data_log))) {
data_log <- data_log [rowSums(is.infinite(data_log)) == 0,]

}
# sl » PCA
pca <- prcomp(t(data_log), scale. = TRUE)
# \_;)L &lyools cole
pca_data <- data.frame(PC1 = pca$x [, 1],
PC2 =pca$x [, 2],
Group = group)

# ol ailge 1o sln Guily ly 2oy dalome
var_explained <- (pca$sdev”2 / sum(pca$sdev”2)) * 100
# A Scree Plot
scree_data <- data.frame(PC = 1:length(var_explained), Variance = var_explained)
geplot(scree_data, aes(x = PC, y = Variance)) +
geom_bar(stat = "identity", fill = "steelblue") +
geom_line(aes(x = PC, y = Variance), color = "red", size = 1) +
geom_point(size = 2, color = "red") +
theme minimal() +
labs(title = "Scree Plot of PCA",
x = "Principal Component",
y = "Percentage of Variance Explained")

# ol ailse o (sl (uilyly oy dle
var_explained <- (pca$sdev”2 / sum(pca$sdev”2)) * 100
# A Scree Plot
scree_data <- data.frame(PC = 1:length(var explained), Variance = var_explained)
geplot(scree_data, aes(x = PC, y = Variance)) +
geom_bar(stat = "identity", fill = "steelblue") +
geom_line(aes(x = PC, y = Variance), color = "red", size = 1) +
geom_point(size = 2, color = "red") +
theme minimal() +
labs(title = "Scree Plot of PCA",
x = "Principal Component",
y = "Percentage of Variance Explained")

# sl k-means Jsl Lol addge ¥ (59,
set.seed(123) # c_nl) SS
kmeans_result <- kmeans(pca$x [, 1:2], centers = 2) # 4dss 53
# ool a4 laadgs 10,5 aslal
pca_data$Cluster <- as.factor(kmeans_result$cluster)
# laags b laosls pu,
geplot(pca_data, aes(x = PC1, y = PC2, color = Cluster)) +
geom_point(size = 3) +
theme_minimal() +
labs(title = "PCA with K-means Clustering",
x = "Principal Component 1",
y = "Principal Component 2")



#3990 slaaies NSk 5 cesl

if (! require("igraph")) install.packages("igraph")
library(igraph)

save(data_log,top_table,group, file = "all.RData")
# 5 oo s5LuSL

rm(list = 1s())

# laools suzme (5,135 ,L

load("all.RData")

# 5l 390 slaailulis
library(igraph)
gene_list <- c("DGAT!", "DGAT2L3", "MOGAT3",
"DGAT2L6","DGAT2L4","MOGAT!","DGAT2","MOGAT2")
#1. 455 L5 DEGl
deg genes <- top_table$ID [top table$adj.P.Val < 0.05] # _lasiee sl
all_genes <- unique(c(gene list, deg_genes)) # 5 i slag’ € ¥ DEG
#2. k5,50 slagyy sloosls gl ysel
selected_data <- data_log [rownames(data_log) %in% all_genes,]
cor_matrix <- cor(t(selected data), method = "pearson")
#4 aSes olbls ) sl sl gplas
threshold <- 0.3 # (Niwa 4iliud
adj_matrix <- (abs(cor_matrix) > threshold) * 1 # Juail pu e Al
#5. sl el 5) BIF el
gene network <- graph.adjacency(adj matrix, mode = "undirected", diag = FALSE)
#6. oS 4 la Sy (o958
V(gene network)$type <- ifelse(V(gene network)$name %in% deg_genes, "DEG", "Selected")
#7. S o,
plot(gene_network,
vertex.color = ifelse(V(gene network)S$type == "DEG", "red", "blue") ,
vertex.size = 8,
vertex.label.cex = 0.8,
main = "Gene Network")
library(ggraph)
library(tidygraph)
graph_tbl <- as tbl graph(gene network)
ggraph(graph_tbl, layout = "fr") +
geom_edge link(alpha = 0.8) +
geom_node_point(aes(color = type), size = 5) +
geom_node_text(aes(label = name), repel = TRUE) +
theme_minimal()

library(ggraph)

library(tidygraph)

# B a4 &I Lo tbl graph

graph_tbl <- as_tbl_graph(gene network)

# v, 5 ool layout colee (awsle 'fi' | 'kK')

ggraph(graph_tbl, layout = "fr") + # saur sk 3 Fruchterman-Reingold asS odin
geom_edge_link(alpha = 0.6, color = "gray") + # s S g Juail Jaghd
geom_node_point(aes(color = type), size = 5) + # 0 g5 Sy Llas £
geom_node_text(aes(label = name), repel = TRUE, size = 3) + # We K ol
scale_color manual(values = ¢("DEG" = "red", "Selected" = "blue")) + # &) aais
theme minimal() + # ealws &
labs(title = "Gene Network", color = "Gene Type")



library(igraph)

library(ggraph)

library(tidygraph)

# Goddg> w65l (gl Louvain

clusters <- cluster louvain(gene network)

V(gene network)$cluster <- clusters$membership # We S 4 43 3 cledlal (3 < il

# 4 <l 8 diasitbl_graph

graph_tbl <- as tbl graph(gene network)

Bttt 52, b S il

ggraph(graph_tbl, layout = "fi"") + # iz sk Fruchterman-Reingold
geom_edge_link(alpha = 0.6, color = "gray") + # laad il
geom_node_point(aes(color = as.factor(cluster)) , size = 5) + # 4dsx (bl o R a1 K5
geom_node_text(aes(label = name), repel = TRUE, size = 3) + # s K oL e
theme minimal() + # edbw &5 ) oadiul
labs(title = "Gene Network with Clustering", color = "Cluster") +
scale_color_brewer(palette = "Set3") # S, <y alawi



