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Getting started
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getwd() # ZA &g L/ =2 mfof

## [1] "G:/W E2}0|E/2020TLO/Work/Bioinformatics_study/R-project/book ed2

setwd("G:/UY =2t0|E/2020TL0/Work/Bioinformatics_study/R-project/book ed2
"y # NEE COJHE5/E XY Ojdee/= 4%



dir() # ZA &g L/ E0/9 fEE

## [1] "Appendix.Rmd"

## [2] "Chapterl-R_preliminaries.docx”

## [3] "Chapterl-R_preliminaries.Rmd"

## [4] "Chapter2-Getting_started_with_DEA.docx"
## [5] "Chapter2-Getting_started_with_DEA.Rmd"
## [6] "Chapter3-DEA_practices.Rmd"

## [7] "data"

## [8] "metadata_tcga.Rdata"

## [9] "pictures™

## [10] "SNCA_survival ct3VK.pdf"

## [11] "SNCA_survival_ tZi8G.pdf"
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Files Plots Packages Help Viewer ———
o’_:'l New Folder @ Delete =] Rename ik More ~ (

5. 0 L E2FO[E > 2020TLO > Work > Bioinformatics_study > R-project » book_ed2
4 Name Size Modified
T .
@ Chapter1-R_preliminaries.Rmd 3KB Dec 11, 2020, 12:12 PM
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Files Plots Packages Help Viewer
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@ | Chapter1-R_preliminaries.Rmd
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~/: AFEXI2| home directory (Windows 2| d% Lf ZA)

/: BFHEZC| root directory (ex: C drive)

dir("./") # BX C/HEZ/9 LY£E 2ol

## [1] "Appendix.Rmd"

## [2] "Chapterl-R_preliminaries.docx"

## [3] "Chapterl-R_preliminaries.Rmd"

## [4] "Chapter2-Getting_started_with_DEA.docx"
## [5] "Chapter2-Getting_started_with_DEA.Rmd"
## [6] "Chapter3-DEA practices.Rmd"

## [7] "data"

## [8] "metadata_tcga.Rdata"

##t [9] "pictures™

## [10] "SNCA_survival ct3VK.pdf"

## [11] "SNCA survival tZi8G.pdf"



dir("../") # &7/ 14 /g =2/9 LfE=Z 22

## [1] "book_ed2" "CAF_validation™ "functions"

## [4] "GDCdata" "geo_data" "geo_Rdata"

## [7] "gepiaResults" "PD-L1 resistance” "PD-L1_search_from_g
:; [10] "TAZ_Expression" "TCGA _validation™

dir("../../") # &9 222 O/ E2/9 LfEF 29/

## [1] "~$1.Bioconductor 2 TCGA HIO|Ef T™Z25}7]. pptx"

## [2] "~$2.Colorectal_Cancer MM=F workflow &4 U ATAFK workflow ==

2. pptx"
## [3] "~$AtE 24 .pptx"

## [4] "1008-papers-cho”
## [5] "1104-papers-moon"
## [6] "1110-papers-cho”
## [7] "1117-papers-cho”
## [8] "1120-papers-Jeon”
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## [9] "ppt-ZO|
## [10] "presentations™
## [11] "R-project”

## [12] "references”

## [13] "MIY"

dir("../../functions/") # & L[/ EC/9f 22 HH0f Q= functions O LEE

20/
## character(9)

Z, CHER| AX7t SYSICHE ™A 5HO|, R-project/PD-L1_resistance_geo/ 2t0i|
U= gse117358.R O|2t= Rscript & €™ R-project/PD-L1_resistance_geo/
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A3YEQL B8 Hlwoty| o A3ZEQ| O|X Q! install libraries.R ot 4
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script Of| M|

## Install general packages for bioinformatics
## Need to lLoad the packages before using them
# EXAMPLE: Library(dplyr)

## cf) you can instead try
## 1f (!require(package_name))
## install.packages("package name")

## R packages

if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager") # Bioconductor access

if (length(rownames(installed.packages()) == "dplyr")<1)
install.packages("dplyr") # handling data frames in R
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## DEG analysis

analyze_DEG <- function(grpl, grp2, filtering, download_path=NULL) {
## DEG analysis for expression level matrices
## EXAMPLES :
## res_filt <- analyze DEG(up, down, "adj.P.Val < ©.05 & lLogFC>=1")
## res filt <- analyze DEG(up, down, "adj.P.Val < ©.05 & abs(logFC)>=1")



## res_filt <- analyze DEG(up, down, "adj.P.Val < 0.05 & LogFC>=1", "../r
esults/gselllll CD274 up down-adjpval@ 65-LogFCl.csv")

library(limma)

grp_names <- c(deparse(substitute(grpl)), deparse(substitute(grp2)))

grp <- c(rep(grp_names[1], ncol(grpl)), rep(grp_names[2], ncol(grp2)))

design <- model.matrix(~grp+9)

colnames(design) <- grp_names

data <- cbind(grpl, grp2)

fit <- lmFit(data,design)

X <- paste(grp_names[2], grp_names[1], sep="-")
cont <- makeContrasts(contrasts=x,levels=design)

fit.cont <- contrasts.fit(fit,cont)

fit.cont2 <- eBayes(fit.cont)

res <- topTable(fit.cont2,number=Inf)

res_filt <- topta(res, eval(parse(text=filtering)))

if (!is.null(download_path))
write.csv(res filt, download path)
return(res_filt)

¥

gt 5 0|8 <- function(E4=_It2t0|E) { expression }1t Z0| FHO|EIC}
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source("../functions/dea.R")

set.seed(1)

grpl <- matrix(rep(1:10, 5)+0.01*rnorm(50), ncol=5)

grp2 <- matrix(rep(sample(1:10, 10), 7)+0.01*rnorm(70), ncol=7)
res_filt <- analyze_DEG(grpl, grp2, "adj.P.Val < 0.05 & logFC>=1")
res filt

H#it logFC AveExpr t P.Value adj.P.val B

## 5 5.001765 7.917713 998.0877 5.711428e-95 2.855714e-94 207.8655
## 3 4.004519 5.335374 787.0524 1.463631e-90 3.659079e-90 197.7635
## 2 2.999174 3.751517 652.2659 4.482850e-87 7.471416e-87 189.6978
## 6 2.009725 7.168251 422.5479 5.107742e-79 7.296774e-79 170.9041
## 4 2.004217 5.164915 345.7463 2.693408e-75 3.366760e-75 162.1792



Installing libraries

CRANR 2 Al4Ho 2ot Lot 2t0[E22[E XSttt £9], HO|2
QIZOfEIA 2+ 2}0|E2{2|= Bioconductor M| A] X|SSt= BiocManager

2to|222[E Sl X = U= E*7t HCh

R packages repositories
e CRAN

e Bioconductor
GitHub, and etc

T4 afo=aialzt obd AL, Bto|=aE|S MY MX § ZSoho] 1 oo
S42 A8 4 9UCh EE alojzaial: w9 20| 2ojsaialo] £
S48 UsHoR sEY 45 ULk

2iojE2{2| dX| & EE
install.packages("BiocManager") # Z2f0/=22/2] &A/

# way 1
library(BiocManager) # Cf0/E2Z2/2/ 2&

install("TCGAbiolinks") # BiocManager 2'S/ install Bf+ &%

# way 2
BiocManager: :install("TCGAbiolinks") # ZfZ7/X] 2t/ gt+ ZB/& A

HX|ste EO|CH M HFEOM M ZRHEZ AT Of, Mo{z $HHA

X}
source(“../functions/install_libraries.R”)2 =T A2 HETHCL

install_libraries.R

## Install general packages for bioinformatics
## Need to Load the packages before using them
# EXAMPLE: Library(dplyr)

## cf) you can instead try
## i1f (!require(package_name))
## 1install.packages("package_name")

## R packages
if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager") # Bioconductor access
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if (length(rownames(installed.packages()) == "dplyr")<1)
install.packages("dplyr") # handling data frames in R

if (length(rownames(installed.packages()) == "stringr")<1)
install.packages("stringr") # handling strings in R

if (length(rownames(installed.packages()) == "survival")<1)
install.packages("survival") # survival analysis

if (length(rownames(installed.packages()) == "survminer")<1)
install.packages("survminer") # survival plot

if (length(rownames(installed.packages()) == "reticulate")<1)
install.packages("reticulate") # running Python script in RStudio

if (length(rownames(installed.packages()) == "png") <1)

install.packages("png") # save in png file

## packages in Bioconductor

if (length(rownames(installed.packages()) == "TCGAbiolinks")<1)
BiocManager::install("TCGAbiolinks") # TCGA data access

if (length(rownames(installed.packages()) == "affy")<1)
BiocManager::install("affy") # handling matrices for TCGAbiolinks

if (length(rownames(installed.packages()) == "SummarizedExperiment")<1)
BiocManager::install("SummarizedExperiment") # handling matrices for TCG

Abiolinks

if (length(rownames(installed.packages()) == "EDASeq")<1)
BiocManager::install("EDASeq") # matrix normalization for TCGAbiolinks

if (length(rownames(installed.packages()) == "GEOquery")<1)
BiocManager::install("GEOquery") # GEO data access

if (length(rownames(installed.packages()) == "Biobase")<1)
BiocManager::install("Biobase") # handling matrices for GEO data

if (length(rownames(installed.packages()) == "limma")<1)
BiocManager::install("limma") # DEG analysis

if (length(rownames(installed.packages()) == "edgeR")<1)
BiocManager::install("edgeR") # DEG analysis of RNA-seq data

if (length(rownames(installed.packages()) == "recount")<1)
BiocManager::install("recount") # access all meta data in GDC portal

if (length(rownames(installed.packages()) == "mygene")<1)

BiocManager::install("mygene") # gene id conversion

install_libraries.R A3
source("../functions/install libraries.R")

w8t gtoj=ag|

Useful libraries list

Library.name Application Repository
affy handling matrices for TCGAbiolinks Bioconductor
annotate support user actions that rely on the Bioconductor

different metadata packages

AnnotationDbi interface and database connection Bioconductor
functions for annotation data packages

11



ArrayQualityMetrics

Biobase
BiocManager
biomaRt
dplyr
EDASeq
edgeR
GEOquery
ggplot2
GO.db

gosim

GOstats
GSEABase
igraph

KEGG.db
KEGGgraph

limma
recount
stringr

SummarizedExperiment

survival
survminer
TCGAbiolinks
topGO

xlsx

generates a quality report for the
microarray data

handling matrices for GEO data
Bioconductor access

converting to gene symbols

handling data frames in R

matrix normalization for TCGAbiolinks
DEG analysis of RNA-seq data

GEO data access

plotting data

Annotation maps for Gene Ontology (GO)

the computation of functional similarities
between GO terms and a gene product

interact with GO and microarray data
Gene Set Enrichment Analysis (GSEA)

simple graphs and networks as well as for
graph analysis and plotting

Annotation maps for KEGG

interface between the KEGG pathway and R
and the required analysis functions

DEG analysis

access all meta data in GDC portal
handling strings in R

handling matrices for TCGAbiolinks
survival analysis

survival plot

TCGA data access

test the GO terms
read/write/format Excel file formats

Reading and writing data

csv, txt Al

HOIS 817]

csv Ot 2 AOMH)E EEE
—

AN L= read.csv Q| 7|2 H7d2 header=TRUE, sep=","0|Lt.

Bioconductor

Bioconductor
CRAN

Bioconductor
CRAN

Bioconductor
Bioconductor
Bioconductor
CRAN

Bioconductor
Bioconductor

Bioconductor
Bioconductor
CRAN

Bioconductor
Bioconductor

Bioconductor
Bioconductor
CRAN
Bioconductor
CRAN
CRAN
Bioconductor
Bioconductor
CRAN

=ot HOlE M FAO|Ct MatA csv TtHS
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ofdE, LMl ol =FAZ E HOIEE HORE read.table 2f 7|2 282

header=FALSE, sep=""0|LC}.
(0] 222 =l LUHQI text = readline (28 M) E£& readlines (MS5H E7HX)E
# read csv

chl_tablel csv <- read.csv("./data/chl-useful libraries_csv.csv")
head(chl_tablel csv, 3)

## Library.name

## 1 affy

#it 2 annotate

## 3 AnnotationDbi

## Application

#it 1 handling matrices for TCGAbiolinks
##t 2 support user actions that rely on the different metadata package
s

## 3 interface and database connection functions for annotation data packag
es

## Repository

## 1 Bioconductor

## 2 Bioconductor

## 3 Bioconductor

=

# read general table

chl_tablel <- read.table("./data/chl-useful libraries.txt", header=T, sep=
n \_t Il)

head(chl_tablel)

H## Library.name

#H# 1 affy

#it 2 annotate

#it 3 AnnotationDbi

## 4 ArrayQualityMetrics

## 5 Biobase

##t 6 BiocManager

H## Application
#t 1 handling matrices for TCGAbiolinks
#it 2 support user actions that rely on the different metadata package
S

## 3 interface and database connection functions for annotation data packag
es
##t 4 generates a quality report for the microarray data

## 5 handling matrices for GEO data
#it 6 Bioconductor access
H## Repository
## 1 Bioconductor
## 2 Bioconductor
## 3 Bioconductor
## 4 Bioconductor

13



## 5 Bioconductor
#it 6 CRAN

HolS &3}

H|O| 2 (matrix ==& dataframe)S csv £E txt FAOZ XNZe W= write.csv
write.table = AF&%ICE 7|2 M B2 append=FALSE (7|& L2l S0
otah), sep="", row.names=TRUE (& O|E2 2 HZ I} 23)0|Cl. ¥ O|E2=

£ 20|10 HX| UCHH row.names=F E= row.names = FALSE & F7}5}Of

Ct.

Nor

ot e 4% R
ot

chl_tablel <- read.table("./data/chl-useful libraries.txt", header=T, sep=
n \_t ll)

# write in csv
write.csv(chl_tablel, file="./data/chl-useful libraries_csv.csv", row.name
s = F)

# write in general txt
write.csv(chl tablel, file="./data/chl-useful libraries.txt", row.names =

Al oS A1 £ = openxlsx If7|X|E O|Ed|Of i},
EolE X%E57|

write.xlsx 2| 8 7|2 A2 overwrite = TRUE (X L0 FHO{2A 7)),
colNames = FALSE, rowNames = FALSE, xy = ¢(1,1) (27| A|&f A 2[X| c(startCol,
startRow))O|Ct, &/E 0|52 Z0| &SI ACHH rowNames EE= colNames &

TRUE £ HH =IC}
HIO|2 ¢7|

read.xlsx 2| =2 7|2 E8E2 rows=NULL, cols = NULL (A numeric vector

specifying which rows in the Excel file to read. If NULL, all rows are read.), sheet =1,

startRow =1 (7] A|Z M), colNames = FALSE, rowNames = FALSE, na.strings = ""
(NAZ Me|g 2o B7| eg:“NA")O|ICt &/E 0|2 XYt NI rowNames
L= colNames & TRUE 2 HFH E=IC}
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chl_tablel <- read.csv("./data/chl-useful libraries csv.csv")

if (!require(openxlsx))
install.packages("openxlsx")

## Loading required package: openxlsx
## Warning: package 'openxlsx' was built under R version 4.0.3

# write in excel

openxlsx::write.x1lsx(chl_tablel, "./data/chl-useful libraries_excel.xlsx",
sheetName="1", colNames = T)

rm(chl_tablel)

# read excel
chl tablel <- openxlsx::read.xlsx("./data/chl-useful libraries_excel.xlsx

n
J

sheet = 1, startRow = 1,
colNames = TRUE, rowNames = FALSE,
na.strings = "NA")

Rdata F&l

ME OO|H XNELAOLD e AKE SHARO| M, A2 F=
U= Rdata B HIO|HE 410 £

chl_tablel_csv <- read.csv("./data/chl-useful libraries_csv.csv")
chl_tablel <- read.table("./data/chl-useful libraries.txt", header=T, sep=
n \t ll)

# write in Rdata
save(list = c("chl_tablel"), "./data/chl-useful_libraries.Rdata") # A/&=

A A E
save(list = c("chl_tablel", "chl tablel csv"), "./data/chl-useful librarie
s.Rdata") # A/&E o 7 LA AHE
save(list = 1s(), "./data/chl-useful_libraries.Rdata") # XA Zx| x/&

# read Rdata
open("./data/chl-useful_libraries.Rdata")

Subsetting data

HO[H Z2¥2 2XHH array & 4 FOHCE MZ HHE EfRIS| HO|HE =
= A= MHEFZOILE HOIE2 7|2H22 Ho[HZ Y FA2=2 80 =
UL,

15



data frame C}&7|

HIOIE{E ¥ =elst7|
« head(HO|E{Z2Q): CIOIH YEZE =H

- tail(HIOIH{Z2}): HIOIH HEZ &F

o View(HIO|HZ=2Q): 70 &0AM HO[E =l

o dim(HIOJE{=aj|Q): OO X3 =3

o str(HIOIH =2 Y): HOIH &4 =5 (& Eo| B EtY)
o summary(HIO[E{Z2|Q): RASAHZT =

« names(OIO[E{Z=2{ Q). HO[ES| A, & O|&

e rownames(H|O[H 2| Q). HIO[E2| H O|F

colnames(H|O|H =& ) : O|O|Ee| &€ O|&

chl_tablel csv <- read.csv("./data/chl-useful libraries_csv.csv")
class(chl_tablel csv)

## [1] "data.frame"

head(chl _tablel _csv, 3) # Z££& head(chl_tablel csv)

## Library.name

#H# 1 affy

H## 2 annotate

## 3 AnnotationDbi

H## Application

#H# 1 handling matrices for TCGAbiolinks
#it 2 support user actions that rely on the different metadata package
s

## 3 interface and database connection functions for annotation data packag
es

H## Repository

## 1 Bioconductor

## 2 Bioconductor

## 3 Bioconductor

wN B

tail(chl_tablel csv, 3) # L+ tail(chl_tablel csv)

H#it Library.name Application Repository
## 26 TCGAbiolinks TCGA data access Bioconductor
## 27 topGO test the GO terms Bioconductor
#i# 28 xlsx read/write/format Excel file formats CRAN
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View(chl tablel csv)

str(chl_tablel csv)

## 'data.frame’: 28 obs. of 3 variables:
## $ Library.name: chr "affy" "annotate" "AnnotationDbi" "ArrayQualityMet
rics" ...

## ¢ Application : chr "handling matrices for TCGAbiolinks" "support user
actions that rely on the different metadata packages" "interface and datab
ase connection functions for annotation data packages” "generates a quality
report for the microarray data" ...

## $ Repository : chr "Bioconductor" "Bioconductor" "Bioconductor" "Bioc
onductor" ...

summary(chl_tablel_csv)

## Library.name Application Repository

## Length:28 Length:28 Length:28

## Class :character Class :character Class :character
## Mode :character Mode :character Mode :character

names(chl tablel csv)

## [1] "Library.name" "Application" "“Repository"

rownames (chl_tablel csv)

## [1] II1II ll2ll Il3ll Il4ll II5II ll6|l Il7l| l|8ll ll9|l "1@" "11" ll12ll ll13ll II14
(1] II15II
## [16] l|16|| I|17II "18" II19II "2@" ll21ll II22II |I23II II24I| Il25ll "26" I|27II "28"

colnames(chl tablel csv)

## [1] "Library.name" "Application" "Repository"

Hay U2 2= =l
o hist(HEYHS): S| AEH
e boxplot(FEHY B0 #E L= AE): HAEX 171 = o 7
« table(AFTY H): Hl
b =

o  Dbarplot(table(HFd %)) O 12f=

source("../functions/geo_data.R")
geo_series_idx <- "gselll636"

gse <- download_gse(geo _series_idx) # geo data =L

## Loading required package: Biobase
## Loading required package: BiocGenerics

## Loading required package: parallel

17



##
##

##
##
##
##
##

##
##
##

##
##
##

##
##
##
##
##
##
##
##

#H#
HH
##
#H#
##

##

Attaching package: 'BiocGenerics'

The following objects are masked from 'package:parallel’:

clusterApply, clusterApplylLB, clusterCall, clusterEvalQ,
clusterExport, clusterMap, parApply, parCapply, parlLapply,
parLapplylLB, parRapply, parSapply, parSapplylLB

The following object is masked from 'package:limma’:

plotMA

The following objects are masked from 'package:stats':

IQR, mad, sd, var, xtabs

The following objects are masked from 'package:base’:

anyDuplicated, append, as.data.frame, basename, cbind, colnames,
dirname, do.call, duplicated, eval, evalq, Filter, Find, get, grep,

grepl,
order,
rbind,
union,

Welcome to

intersect, is.unsorted, lapply, Map, mapply, match, mget,
paste, pmax, pmax.int, pmin, pmin.int, Position, rank,
Reduce, rownames, sapply, setdiff, sort, table, tapply,
unique, unsplit, which, which.max, which.min

Bioconductor

Vignettes contain introductory material; view with
"browseVignettes()'. To cite Bioconductor, see
'citation("Biobase")', and for packages 'citation("pkgname")'.

Setting options('download.file.method.GEOquery'="auto")
Setting options('GEOquery.inmemory.gpl'=FALSE)
== (@I SPREIIEEEEl =====s=s=s==c==cc===sc=s=s=sc==cc==scc=oos==o=
cols(

ID_REF = col_character(),

GSM3036125 = col double(),

GSM3036126 = col double(),

GSM3036127 = col_double(),

GSM3036128 = col double(),

GSM3036129 = col double(),

GSM3036130 = col double(),

GSM3036131 = col double(),

GSM3036132 = col double(),

GSM3036133 = col_double(),

GSM3036134 = col double(),

GSM3036135 = col double()
)

18



## File stored at:

## C:\Users\Public\Documents\ESTsoft\CreatorTemp\RtmpqUo95R/GPL17586.soft

## Warning: 5990 parsing failures.

## row col expected actual file
## 67363 start a double --- literal data
## 67363 stop a double --- literal data
## 67364 start a double --- literal data
## 67364 stop a double --- literal data
## 67365 start a double --- literal data

{i%] 00000 0DO0OO 00COCDOO ODOOCOOC 0OCOOOO0ODOOQ
##t See problems(...) for more details.

data <- extract_gse(gse,

t, gene_info, annot_data = E 1 9E= Z/[AE
attach(data)

# factor variables
drug_resp <- table(annot_data$"treatment response:chl™)
barplot(drug_resp, main = "sample types")

sample types

progressor responder to therapy

# numeric variables

'../geo_Rdata", geo_series_idx) # data = exprs_ma

hist(exprs _mat[,1], main="expression level of the first sample") # normal

distribution 0 Z/2A &2 7t&
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expression level of the first sample

Frequency
20000
|

| | | |
2 10 152 20

0
]

exprs_mat], 1]

hist(log2(exprs _mat[,1]), main="expression level of the first sample") #
Log2 transform A/, normal distribution Of Z}7}&

expression level of the first sample

Freguency
0 10000 25000
|

| | | | I | | |
10 15 20 25 30 35 40 45

log2(exprs_mat[, 1])

exprs_mat <- log2(exprs_mat)
boxplot(exprs mat[,1:6], main="expression level of the first to sixth sampl

es") # 1~6 Z sample S/ boxplot
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expression level of the first to sixth samples

LLLInn
o ] TTITI

I
GSM3036125 GSM3036126

e median() f
e min(): &=
o max(): XG4t

HolE{ =2 =%}5}7]

HO|E =2 Qo mlie-E MY Ue oole=adsAH=0|5 <- Zagtut

2+0| QlEisict.

=Q

e rowMeans(dE): €2 A2 HF ME
e colMeans(HE E+& HOHZ=ZZY): &2
o ifelse(ZUE, HY M ALf, AXNY I A1 HFEY B Dies Y

gene_info$average expression <- rowMeans(exprs_mat)
barplot(gene info$average expression, main="average expression levels of ge
nes")
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average expression levels of genes

2 3 4
|

1
|

0
|

annot_data$group <- ifelse(annot_data$ treatment response:chl” == "progress

Or‘"’ IIPRII) IIRII)
table(annot_data$group)

##
## PR R
##t 5 6

Hiole] &35}

Way 1) GIOIE|Z2 o Q1A 7|5([) £0f oI5l
dim(exprs_mat)

## [1] 70523 11

r_subset <- exprs mat[c(1:4),] # & F=

dim(r_subset)

## [1] 4 11

r_subset <- exprs_mat[sample(l:nrow(exprs_mat), 2),] # 27/ & 25 MZ2
dim(r_subset)

## [1] 2 11

c_subset <- exprs_mat[, "GSM3036125"] # & F=

dim(c_subset)

## NULL
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c_subset <- exprs_mat[,annot_data$ treatment response:chl =="progressor"]

=<
# X2 BE g F5

dim(c_subset)

## [1] 70523 5

median_exprs_level <- median(exprs_mat[1,])

c_subset <- exprs_mat[,exprs_mat[1,] >= median_exprs level] # =7/ 2/ Z
=

dim(c_subset)

## [1] 70523 6

median_exprs_level2 <- median(exprs_mat[2,])
c_subset <- exprs_mat[,exprs mat[1l,] >= median_exprs_level &
exprs_mat[2,] >= median_exprs_level2] # /7 =7 =
Alo) 2= @ FF
dim(c_subset)
## [1] 70523 4

c_subset <- exprs_mat[,exprs_mat[1,] >= median_exprs_level |

exprs_mat[2,] >= median_exprs_level2] # /2 =7 =
BLfats BIE g £E
dim(c_subset)

## [1] 70523 8

Way 2) subset() 0|8t =& H|O[H =Y Hroz & Xzo| H2

base:subset)&+E O|&dIH B M= QlHds & = UCt

drug <- read.csv("../PD-L1 resistance/drug.csv", stringsAsFactors = T) # T
CGA-COAD clinical data & drug info, ZAtZE factor H+ EfZ/CE X/Z/
dim(drug)

## [1] 595 29

# drugname O/ Avastin 2/ & F=

Avastin <- subset(drug, clinical drug coad.pharmaceutical therapy_drug nam
e == "Avastin")
dim(Avastin)

# [1] 14 29
[Z]dplyr 2 O|8% OIOIH F& >1 8 4% = filter(): & FF select(): () =&
arrange(): D8 mutate(): H F7F summarize(): SAH X AHE group_by(): REHEZE LIF7|

left_join(): TIOIE BtX|7[(¥) bind_rows(): HIOIEl &X|7|(&)n(): HIZE = M=
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=XIE 0§ : grep(), grepl()

T SAISEE)S TS ALE XS [ grep() Ti grepl() BT}
Q83tt.

-_—

o grep(IiH, Biz): IHO| SOR/Us ZXAE H9| QA HIG (R B9

Zol=et 2oL 28

grepl(IHEl, Biz=): THEIO| SO{US M TRUE, 2™ FALSE QI Azl =9t
&2 Zolo| #iE gtal

T2 ZMQl ignore.case 2| 7|&7%f2 ignore.case = FALSE O|0{ CHAZEXIE
T2 0Lt

subset 0= grepl &S &L}

# grep ALE
grep("base", rownames(installed.packages())) # base ZfEZ Hglo}= HA/E
7|7 olEA

## [1] 12 14 250 315

# grepl Zf subset AlE

# drug name 22 beva H= avastin £ ffL2ZAF FEZ 0 EelolE ¥ F&F
grepl("(bevalavastin)", drug$clinical_drug_coad.pharmaceutical_therapy dru
g_name, ignore.case = T)[1:30]

## [1] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE TRUE FALSE FALSE F
ALSE

## [13] TRUE FALSE FALSE FALSE FALSE TRUE FALSE FALSE FALSE FALSE TRUE FA
LSE

## [25] FALSE TRUE FALSE FALSE FALSE FALSE

beva <- subset(drug, grepl("(beva|avastin)", clinical_drug_coad.pharmaceut
ical_therapy_drug name, ignore.case = T))

Trouble shootings with R

RS O|ESIENM Atz 47|= M0 tigt SR 40|t

oj7| x| 2%zt et2 uj

I{7|X| & AX|5l2{2 & [} Permission denied
(@]

= sof =77F EH 2X|7t
HREX| e 497t ULk ol M dfE &+ U=

ZXe= =AMz ot 2L
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1. OO0LOCK C|HEZ| AbX|

L§ & A /R/win-library/4.0 C|ZE2|0| 00LOCK O|2t= O|29| EG7t MZ M2s
£ UCL00LOCK EHE AMH|St CHA] HX[E TISHEAL,

2. R EEE= RStudio & ZHE[XI Hote =z A

R = RStudio OIO|2& REZF EESI0| ZZ/Af Fotez gt & X5
X

3. RE g0 AX|g I, CRAN mirror & 0-Cloud & X|7d

@R Console e

Secure CRAN mirrors

R version 4.0.2 (2020-06-22) -- "Taking Off Again"
Copyright (C) 2020 The R Foundation for Statistical Computing
Platform: x96_ €4-w64-mingw32/x64 (64-bit)

Austraha (Canberra) [https]
Australia (Melbourne 1) [https]

RE T8 AZEUoiOD, OmS Wl =SEol $IEUT. Australia (Melbourne 2) [https]
=3, WES IHE0M oldE MHE T & Ysyg, Australia (Perth) [https]
oo pHe #M Y482 'license()' =& 'licence()'s S &I = § Austria [https]
RE @2 JloinEl Toss FSZEREUUS. Belgf"'m {Ghent) thitpe]
‘contributors () 'H2 YHAIS o UF o T T wUHE + Uauc, Brazil (BA) [https]
Jg3, R == R #7ldSe F@E0 Yssis ¥¥d MM: 'citation()'s § Brazil (PR) [https]
Brazil (R)) [https]
‘demo () 'S UG X Gos E¥ = 2o, ‘help()'S ASRAD § Brazil (SP 1) [https]
£8, 'help.start()'2l 23§ §89 HTML =20 28 SgUg ANSSess Brazil (SP 2) [https]
RS 2@ ST 'g) '+ YHFde, Bulgaria [https]
> install.packages ("dplyr™) Canada (M8) [https]
'C:/Users/hyemin/Documents/R/win-library/4.07 2 $I%ol @7/% (§)s 4XEs Chile (Santiago) [https]
(duste *1ib’ 7 XBEA @97 deYdd) China (Beijing 2) [https]
——— A M#old4 AST CRAN Diais H=8 =da ——— China (Hefei) [https]

China (Hong Kong) [https]
China (Guangzhou) [https]
China (Lanzhou) [https]
China (Nanjing) [https]
China (Shanghai 1) [https]
China (Shanghai 2) [https]
Costa Rica [https]
Denmark [https]

East Asia [https]

Ecuador (Cuenca) [https]
Ecuador (Quito) [https]
Estonia [https]

France (Lyon 1) [https] v

s
k>

4.R,

Rstudio 4K = MEX|et F T7|X| K|

of = ®X} HAX|=l Rversion O]

R version not available 1} &2 &7} &£ 20=
ZR0|Ct & Zest ZR0=

I 7|X|2| R version requirement 2t SX| QF =z
HHO &= R2 F7F XI5t (71F R HE X2 E2 §l2)interpreter &
O SHA X-8e = QUL
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RStudio % A{ Tools > Global Options...

=
L

e oie TEZMEO| General B0|AM Rversion =2 X|™&E = QULCL.

Options

8- sweave

W Givsw

/s,

- General
Code
3 Appearance
Pane Layout
| Packages
R Markdown

ABC

v Spelling

8= Publishing

. Terminal

6 Accessibility

Advanced

R Sessions
R version:
[Default] [64-bit] C:\Program Files\R\R-4.0.2 Change...
Default working directory (when not in a project):
~/R-projects Browse...

| Restore most recently opened project at startup

| Restore previously open source documents at startup
Workspace

| Restore .RData into workspace at startup

Save workspace to .RData on exit: | Ask v

History

v| Always save history (even when not saving .RData)

Remove duplicate entries in history
Other
| Wrap around when navigating to previous/next tab

| Automatically notify me of updates to RStudio
| Send automated crash reports to RStudio

oK Cancel Apply

Tools > Project Options..& €0 7|

Tools > Global Options... > General

flet €2 =M2E SHELX §E Mo= sl W7 IXE =7
S ¥ 5 2N WHE

he
f=3
[=]

#

?

1p(248) T&

aT o

4, Examples

&f+ documentation 2}2/
help(grep)

grep

& ol gt

SteH2 UHSE0] et0| Usage, MO ZLPH Arguments,
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# package documentation 2}2/

ol & F=Tor0 Eash W7|X| X7t QRO QUCHH TF[X| 2K, 2E
5

Ha 0|2 AW Al ROIAHE, oo 22

ACHF), 2F (), TAHE AEEH, GEOZE A|Z}|OF

Ot2= ROIA O[Ol A+ S CIH 2, Ha O|F 22 AEY &+ BiL.

## Warning in kable_pipe(x = structure(c("if", "function", "break", "Inf",
: The
## table should have a header (column names)

R dj<tof
if else repeat while
function for in next
break TRUE FALSE NULL
Inf NaN NA NA_integer_
NA_real. NA_complex_ NA_character_
1 .2

€2 IET g £EE2 Z2ugtES H3oteX =HQI5H| /e ZE W AR =0
A S HRE 2t2S FIISHALL sample()s2l &+E 0|85t0] HEH
FZ=2 & M, random number generator = fix & = QULCH

rm(list = 1s()) # R && SO ZE2)) ZF2/0f

sample(x, 5) # AIEEH: sample( KL EHHE, MEF
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## [1] 8 7 4 17 10
sample(x, 5) # O/&0f Lf2 ZIifglif Cf =L}
## [1] 4 9 19 15 18

e

M

Xt MY 247 25

Jor

# set seed(xAf) E Z/&E3F 0
set.seed(1)
sample(x, 5) # A

## [1] 4 7 1 213
sample(x, 5) # B
## [1] 11 14 18 1 5

set.seed(1)
sample(x, 5) # A’

## [1] 4 7 1 2 13
sample(x, 5) # B'

## [1] 11 14 18 1 5

S+ ZIH H20| O W, AHE XS + oS o

g ZIEE -2 0|83ty Mz Mo HYSHK| oM 7|2XHez AlgtS
=T 5t MAREO| QHEICE

oHH, et ZutES M0 MESHH 2 2 Al 2ol 20 =YX
orr}

LS — .

Ct2 OME EAL
rm(list = 1s()) # R &2 ZFZH(HZ=Z) ZF2/0f

read.csv("./data/chl-useful libraries_csv.csv")

H## Library.name
## 1 affy
#it 2 annotate
#it 3 AnnotationDbi
## 4  ArrayQualityMetrics
## 5 Biobase
## 6 BiocManager
#it 7 biomaRt
## 8 dplyr
## 9 EDASeq
## 10 edgeR
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## 11 GEOquery

## 12 ggplot2

## 13 GO.db

## 14 gosim

## 15 GOstats

## 16 GSEABase

##t 17 igraph

#it 18 KEGG.db

## 19 KEGGgraph

#it 20 limma

## 21 recount

##t 22 stringr

## 23 SummarizedExperiment

#Ht 24 survival

## 25 survminer

## 26 TCGAbiolinks

#it 27 topGO

#it 28 x1sx

H## Applicat
ion

## 1 handling matrices for TCGAbio
links

#it 2 support user actions that rely on the different metadata
packages

#it 3 interface and database connection functions for annotation data
packages

##t 4 generates a quality report for the microarr
ay data

## 5 handling matrices for GEO
data

#it 6 Bioconductor ac
cess

#it 7 converting to gene sy
mbols

#it 8 handling data frames
in R

## 9 matrix normalization for TCGAbi
olinks

## 10 DEG analysis of RNA-seq
data

## 11 GEO data ac
cess

## 12 plotting
data

## 13 Annotation maps for Gene Ontolog
y (GO)

## 14 the computation of functional similarities between GO terms and a gen
e product

## 15 interact with GO and microarra
y data

## 16 Gene Set Enrichment Analysis
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(GSEA)

simple graphs and networks as well as for graph analysis and

Annotation maps for

interface between the KEGG pathway and R and the required analysis

#H# 17

plotting
## 18

KEGG
## 19

functions
## 20
ysis
##t 21

ortal
#H# 22

in R
## 23

links
#H#t 24
ysis
## 25

plot
#it 26

cess
#H# 27

erms
#H# 28

ormats
H#it Repository
## 1 Bioconductor
## 2 Bioconductor
## 3 Bioconductor
## 4 Bioconductor
## 5 Bioconductor
## 6 CRAN
## 7 Bioconductor
## 8 CRAN
## 9 Bioconductor
## 10 Bioconductor
## 11 Bioconductor
#H# 12 CRAN
## 13 Bioconductor
## 14 Bioconductor
## 15 Bioconductor
## 16 Bioconductor
it 17 CRAN
## 18 Bioconductor
## 19 Bioconductor
## 20 Bioconductor
## 21 Bioconductor
#H# 22 CRAN
## 23 Bioconductor
#H# 24 CRAN
## 25 CRAN

DEG anal

access all meta data in GDC p
handling strings

handling matrices for TCGAbio
survival anal
survival

TCGA data ac

test the GO t

read/write/format Excel file f
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## 26 Bioconductor
## 27 Bioconductor
## 28 CRAN
Z;

1s() # 24 &g &8 Lf B+ =5

## character(9)

chl_tablel <- read.csv("./data/chl-useful libraries csv.csv")
1s() # 24 &g &2t f B+ £

## [1] "chl_tablel”

head(chl_tablel, 3)

H## Library.name

## 1 affy

#it 2 annotate

## 3 AnnotationDbi

## Application

#it 1 handling matrices for TCGAbiolinks
##t 2 support user actions that rely on the different metadata package
s

## 3 interface and database connection functions for annotation data packag
es

## Repository

## 1 Bioconductor

## 2 Bioconductor

## 3 Bioconductor

wN B
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Chapter 2: Getting started with Differential Expression

Analysis

Hyemin Gu

2020-12-15
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Getting started

Differential Expression Analysis(DEA)Zt ME7t FHXS| Yo XI0|E
sAHL=ZE H[u5t Fo[gt X0|§ EO|= FH X} Differentially expressed

genes(DEGS)E M3t} 7|5 242 ot 5o AT wwolct,

0|r|

Aol FHO| met WES dedy X, E= o e A522 Lt+0
HEtE 2to] RTA HodZ XIO|E pairwise St H|wdt= single-factor
comparison 20| LHHHO|Ct CHE YWHEOZ time series analysis = ULt

FTXC| 22 (gene expression level)2 FHAL LoITo| Z2melial B0
2t CrE2A 82| =Lk Microarray data 2| 4% H4t2 = relative
|

intensity =, Microarray 2| THEE Hett7| 2ot x[4le
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RNA-Seq data 2| 4% d4t= &= sequencingread count 2 2| EILC|

Microarray RNA Sequencing (RNA-Seq)
RNA sample 1 RNA sample 2 RNA sample 1 RNA sample 2
+ convert RNA to cDNA + * convert RNA to sequencing library *
NS ANS .
tagged-cDNA "/ M@ NNAR o g NNA NS NS S 4 ™/ DNAlibrary
SN NANLD NANA AN
Fluorescent tag =
Hybridization to microarray ) Sequencing &_
with known Transcript probes alignment of sequencing reads
Ref . .
s g:ns:;nece Genel | Gene 2 | Gene3 Gene 4
°
b 4 Sample 2
H
== =y oo am = 1
® Sample 1 @ E . E E T
$ = ==
B 3 Low sensitivity High sensitivity .
relative intensity Tow dynamiz range High dynamic range Sequencing Reads
= known transcript only Novel transcripts sequences identified =
expression levels No alternative splicing information structural variation & alternative splicing revealed expression levels
lower cost unlimited sample comparisons

A MEOo| SYsIEat: T2OtYd B0l Cht2H MZ CHE mo|Z2}Ql
DEG = AlLBiOF Sthh O] ZoME S/ OOl ZEZ0jM 0= HIO[HE 2&
HEH I FHEEE Ol workflow & A7|StE = ShCt,

[&f11] Seeing the Unseen: Microarray-Based Gene Expression Profiling in Vision

[&F 0] https://www.otogenetics.com/rna-sequencing-vs-microarray/

Data access

HO|@ QIZOfEIA FOFS| =25 EM 37| HIO|HE d70| Moz
O|83tAHL} validation = <I5H

O7to|E0f ¥ZE3H0] S7ietet. et A4 HIOJHE #He M €A™z
A FFo] =22 12 E 12 S HMOZ X0} dataset 0] 274=
Ot7}0|HQ} 1 accession number & Y11 ST OI7I0|E 0| C|O|E{E ZHM}

FEO HOHE s + UL

Searching for open data from archives
QUM LOHE HIt Z0| AFET dataset 2| accession number & &1 ULt
Aot AMOAE Sl Or7H0|E0f A dataset§ = LS LOEXL Gene

expression data & 239t OF7}0|E= GDC portal, GEO, SRA, Array Express, ENA,
DRA &0| UL} 2 of7to|EE Ejé' | dataset M HHS LOE A},

o=

AHE37| = ot O2|1 HF0| AFRSH H|O|E =
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https://www.otogenetics.com/rna-sequencing-vs-microarray/

GDC portal

NATIONAL CANCER INSTITUTE RO . . oo
)GDCDataPomI *

Harmonized Cancer Datasels
Genomic Data Commons Data Portal

Got Statoq by Exgiorig

& Andyss QOueckSearch  MansgeSets @ logn W Cat # G0CAppe
9

Cases by Major Primary Site

B Proecs 8 Exploratioe ke Andlysie B Repostory

Q ¢ BRAF, Breast. TCGA-BLCA, TCGA-AS-ADG2 |

Data Portal Summary - pss s 200. Sestertet 18 200

PROVECTS PRIMARY SITES CASES

o7 & 68 & 84375

MUTATIONS

4 3287299

FRES GENES

%1590,367 523,399

GDC Applications
The GOC Diata Portal s a robust datadven plattorm that Slows cancer
tesearchers and bonformaticians 10 search and doankiad cana 634 for analvais. The GOC applications inciude:

GDC portal main

GDC portal(https://portal.gdc.cancer.gov/)= Ol= =& E @ (National Institutes of
Health, NIH) 2t5}0| ®}-= National Cancer Institute Ol A 2Jst= HO|f ZEHO|H
CRE2ET 4= QUL HEX S Z The Cancel Genome
Atlas(TCGA) O|A 33 7H2| AFOf CHal Chgot Z=MEZS TIWSHO]

FEH /ALK /T HOJHE =8 & 2MUCE

cancer data & ZAA 3§

Irﬁ
o

Crefot M=ol HIOlH 27 AL HOlES =g &+ A= ZA0|CL

https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables

BCR Batch Codes, Center Codes, Data Levels, Data Types, Platform Codes, Portion /
Analyte Codes, Sample Type Codes, TCGA Study Abbreviations, Tissue Source Site

Codes 7} =E&|0] QUCH L Z Sample Type Codes & £ & CS1b ZC|

TCGA sample type codes
Code Definition Short.Letter.Code
1 Primary Solid Tumor TP
2 Recurrent Solid Tumor TR
3 Primary Blood Derived Cancer - Peripheral Blood  TB
4 Recurrent Blood Derived Cancer - Bone Marrow TRBM
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5 Additional - New Primary TAP

6 Metastatic ™

7 Additional Metastatic TAM

8 Human Tumor Original Cells THOC

9 Primary Blood Derived Cancer - Bone Marrow TBM
10 Blood Derived Normal NB
11 Solid Tissue Normal NT
12 Buccal Cell Normal NBC
13 EBV Immortalized Normal NEBV
14 Bone Marrow Normal NBM
15 sample type 15 15SH
16 sample type 16 16SH
20 Control Analyte CELLC
40 Recurrent Blood Derived Cancer - Peripheral Blood TRB
50 Cell Lines CELL
60 Primary Xenograft Tissue XP
61 Cell Line Derived Xenograft Tissue XCL
99 sample type 99 99SH

otH, O|O|EH e &7 &0l JHHE|HA harmonized database 2t 7|E A2

Or o
=F =l legacy archive 7t E7HE EXSHA =X Lt harmonized database &

https://portal.gdc.cancer.gov/repository O| A, legacy archive =

https://portal.gdc.cancer.gov/legacy-archive/search/f Of| Al AMAT 5= QULC}
repository O A| =35t HIO|E = MEHE FIE0f Ol CI2%3 = AL

F20|,R S 0|85t0 CiFe| Ho|HE H=S= LHS YorE Z0|Ch


https://portal.gdc.cancer.gov/repository
https://portal.gdc.cancer.gov/legacy-archive/search/f

harmonized database
NI T

Files. Cases

Q QuickSearch  Manege Sets % Login ¥ Cart [ i GDCApps

# Browse Anpotations

Add 3 File Filtes

 Start searching by selecting a facet o Advanced Search

~ Search Files

€| eg 142652 bam, 4Be2eTat Files (596,758) Cases (84,392) w AddAll Filesto Cart | & Manifest | View 84,362 Cases in Expioration | View images

v Data Category Primary Site Project Data Category Data Type Data Format

@ P o P D

Showing 1 - 20 of 596,768 files [ 1.67 PB

(]

simple: nuclestide variation
copy number variation
transcriptome profiling
sequencing reads
biospecimen

clinical

dna methylation

somaic structural variation

= IF JSON TSV

8 - 'onBBEEEEEE:

structural variation E]- Access  File Name Cases Project Data Category Data Format  File Size Annotations
combined nucleotide variation | controlied 30f53125 Sdef 4d1c-h203-0717e0cf4401 wxs_gde_realn bam 1 HCMLCMDC Sequencing Reads BAM 357568 0
w| @controled ca%a3304.2a0.4951.9478 can2 raw_somatic_mutation vef gz 1 HCMI-CMDC Simple Nucleolide Variation VGF 53.18 KB 0
~Data Type | @contralied 03, fic_annotation vei gz 1 HCMLCMDC Simple Nucleofide Variation VCF 1586 KB 0
| @controlled 07d8937-793. vaxs MUSE aliquot maf gz 1 HCMI-CMDC Simple Nucleolide Variation MAF 125.05 KB 0
Annclated Sematic Mutation v Bcontolios 4B 9204030 8615 2100109492 w3 sa0er_faw_pidel 2w SOMAIC MUBMINK | o i simple Nuclaotide Variation VCF - :
Raw Simple Somatic Mutation s Loz Lo
Ahgned Reads m L] &open CA5BOb42-aCib-457C-0244- 22 70IGBC29C0 FPKM-UK) 102 1 HCMILCMDC Transcriptome Profiling T 406.73 KB 0
Gene Expression Quantification | @ controlied 337ac00.1482.4541.a1e0.11Acealdsios wos CaVEMan raw somalic mulation vcl gz 1 HCMI-CMDC Simple Nucleotide Variation VCF 266 M8 0
Masked Annotated Somaic Mutation  [EEEE | (= @open  n7200090.3m4.4cb0.a000.a057daTc FPKM 1 02 1 HCMLCMDG Transcriptome Profiing  TXT 35832 KB 0
Gene Level Copy Number Scores E3 | @enntrollen 57M7a5d-1560-4854-h067-8aDed37 Taki3 was BRASS raw siichural variafion hedoa a7 1 HOMLGMDG Somatic Stnichural Variation BENPE 9T1KR 0

Repository of GDC harmonized database

Link to GDC harmonized database : https://portal.gdc.cancer.gov/repository

GDC portal B[QI0| A Repository &2 22ISHAM S0{7I'H Files(Data category, Data
type, Experimental Strategy &) S Cases(Project, Disease type, clinical )0 [}2t
T=E HO[HE &2 = ULk

Gene expression data = RNA-Seq Ef Tt NS k| CrZat €0 2FEICH

e Data Category: Transcriptome Profiling
- Data Type: Gene Expression Quantification
e  Experiment Strategy: RNA-Seq

0l0] £3l= Workflow type 2 2+ HTSeq - Counts, HTSeq - FPKM, HTSeq - FPKM-
UQ, STAR - Counts O] QIC}.
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legacy archive

NATIONAL CANCER INSTITUTE
GDC Legacy Archive g

he oid gencme build as produced by the orginal submiie. Lagacy data = nol aclivel beng updsied in smy way. Users should migrale bo the T
GDC Data Portal

+ Start searching by selecting a facet

Add a Filt
~ File
W Add all files to the Cart | & Download Manifest
Q
~ Data Category )
Gopy number variation 184353 Files It =
Gane exprassion =3 Showing 1 - 20 of 837,958 files

Raw s ﬂ - Access Data Category Data Format Size Annotations
®  &Open Raw sequencing data WIG 1.18MB 0
®  &Open Gene expression ™>T 435 KB
™ &Open Gene expression XT 438 KB
w  &Open DNAmethylation ™7 2128 M8
®  &Open Gene expression TXT 1.38 MB
- & Open svs 44.38 MB
®| &Open svs 20235 MB
® & Controlled XT
®  &Open T
®  &Open TXT
L & Open svs
®  &Open T

Repository of GDC legacy data
Link to GDC legacy archive : https://portal.gdc.cancer.gov/legacy-archive/search/f

Legacy archive € A| Files(Data category, Data type, Experimental Strategy &) L&

Cases(Project, Disease type, clinical )0 2t #+2= HIO|HE &2 5= ULCH

Gene expression data = RNA-Seq 2} microarray 25 AS k| Ct2dF 20|
2R
e Data Category: Gene expression
Data Type: Gene expression quantification
e  Experiment Strategy: RNA-Seq
e Experiment Strategy: Gene expression array
Data Type: Isoform expression quantification
e  Experiment Strategy: RNA-Seq
Data Type: Exon quantification
e  Experiment Strategy: RNA-Seq
Data Type: Exon junction quantification
e  Experiment Strategy: RNA-Seq

e Data Category: Raw microarray data

- Data Type: Raw intensities
e  Experiment Strategy: Protein expression array
e Experiment Strategy: Gene expression array

-  Data Type: Normalized intensities
e Experiment Strategy: Gene expression array

-  Data Type: Intensities
e  Experiment Strategy: Protein expression array


https://portal.gdc.cancer.gov/legacy-archive/search/f

e  Experiment Strategy: Gene expression array
e Data Category: Raw sequencing data
- Data Type: Aligned reads
e  Experiment Strategy: RNA-Seq
- Data Type: Unaligned reads
e  Experiment Strategy: RNA-Seq
e Data Category: Protein expression
-  Data Type: Protein expression quantification
e  Experiment Strategy: Protein expression array
e Data Category: Processed microarray data
- Data Type: Processed intensities
e  Experiment Strategy: Gene expression array

CHE Data Category 2F= CFEXA| Processed microarray data & TCGAbiolinks 2t= R
2to|E 2|0 M XMSSHA| %=Lt

Data exploration

?o LHES Sl GDCportal 2| HIO|H NEAZEH HO|HE &1 MEHEZ
CI2ES2 4 U/JALE HO|HE CHREH7| Mo A7 ZZHMEHZ data
exploration 2 ZI@st2{1 otCt CHE2 TCGA HIO|E{O|A Colon
adenocarcinoma £ Y73t TCGA-COAD EZE2MEE X3|6t= 0 O|LC},

AAAAAAAAAAAAAAAAAAAAAAA % i a
GDC Data Portal . -

@© TCGA-COAD
oo s | | e s

461

Project ID
dbGaP Study Accession

&

(]
=)
E

Project Name

Program

53
N

Data Category Cases (otst Files (=151

TRRNNIE

5

TCGA-COAD ZZ2ME A&
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NATIONAL CANCER INSTITUTE — -
GDC Data Portal -
e R RN -~ Ccar | Primary sit | 15 [ coon [ Ano |

~ Search Cases [>]
a A-AS-ADG2, 43214 Cases (448)  Genes (575) v (12,805) | OncoGrid
EERCEEEEEE 4 sonio Mustions
~Primary Site D g Overall Survival Piot &
R S, (N = 380) - BRAF VB0O0E Not d Cases
o oo []
rectosigrmod puncaon ] N sontozom
~Program M
rea g
Teaa a 8 S, L
~Project P H
[ ] Showing 1 - 10 of 12,805 sor
~Dissase Type | DNAChange Type Consequences
denomas and adenccarinomas Substtution Missense BRAF VE00E
cystic, mixingus and serous neoplasms () Substtution Missense KRAS G120
compiex egithelial necpiasms Missanse KRAS G12V
epithelial neoplasms, nos ] Missense PIKICA ES45K
Substtution issa: S G
~Sample Type Sutstitutior Missense KRAS G130
Sunstiution Stop Gained PG R1450"
Substitution Missense TES3 R175

primary tumer

=
biooa cered normal a

Deletion Frameshift RNF4;

= a
Genes, Mutations, OncoGrid 2 B2 977t G[O|EH2| 7iEN HEE nietd

UL,

NCBI: GEO & SRA

:j NCBI  Resources
GEO Home

How To

Documentation ¥ | Query & Browse ¥ Email GEO

COVID-19 is an emerging, rapidly evolving situation.

= | JSON | TSV | SaveEct Mutaton Set
Impact Survival

[=olo ) )

ooe

oo O

Qo

06/ oo B8

sam 2015184 o -]
aa 1601115184 o000
. 33/115194 Q- -]

Sign in to NCBI

Get the latest public health information from CDC: https ://www coronavirus.gov .

o Get the latest research from NIH: hitps.//www.nih.gov/coron:

S

Find NCBI SARS-CoV-2 literature, sequence, and clinical content: https//www. ncbi nlm nih gov/sars-cov-2/

Gene Expression Omnibus

GEOQ is a public functional genomics data repository supporting MIAME-compliant data submissions. Array- and
sequence-based data are accepted. Tools are provided to help users query and download experiments and curated
gene expression profiles.

Getting Started Tools
Overview Search for Studies at GEO DataSets
FAQ Search for Gene Expression at GEO Profiles

About GEO DataSets Search GEO Documentation

About GEO Profiles Analyze a Study with GEO2R
About GEO2R Analysis Studies with Genome Data Viewer Tracks
How to Construct a Query Programmatic Access

How to Download Data FTP Site

Information for Submitters
Login to Submit Submission Guidelines

Update Guidelines

Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo /)=

CeO

Gene Expression Omnibus

Keyword or GEO Accession Search

Browse Content

Repository Browser

DataSets 4348
Series: £ 139300
Platforms 21585
Samples: 4025869

MIAME Standards

Citing and Linking to GEO

Institutes of Health (NIH) &tSH0| QU= U.S. National Library of Medicine Of| A{

o

&= Z3St= The National Center for Biotechnology Information (NCBI,

https://www.ncbi.nlm.nih.gov/) data portal LHOl +3 = Microarray data

The

The National
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https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/

archive O|Cl. GEO = Sequence Read Archive (SRA,
https://www.ncbinlm.nih.gov/sra)@F @7H NCBI 2| S| archive O|Ct RNA-Seq
data & TE SRA O XMZE[O] QUL ©HH RNA-Seqdata S0+ rawdata =
HMAe|et Mol 7t GEO Off =2tet Ue 8= RULCL

GEO O|A] S8%|= accessioncode = ME T2 GSM E+£ seriesdata 2| A%
GSE 2 A|ZFstCt,

GEO OfAf LJOJE 27/

GEO Hf|Ql =fHo| HAMFO

g0l 7 Of =20 &&= HolEE HME =+ UCh
7IMEZL o2 HEtEH S AND £

ORZE AZotY HI|E Y™,

0
Iy
M|
rr ok

04| A|: “anti-VEGF resistant” OR “bevacizumab resistant”

= NCBI Resources @ How To (@) Sign in fo NCBI
GEO DataSets GEO DataSets v| "anti-VEGF resistant” OR "bevacizumab resistant" | { Search |
Create alert Advanced Help
0 COVID-19 is an emerging, rapidly evolving situation. [ x|

Get the latest public health information from CDC: https://www.coronavirus.gov
Get the latest research information from NIH: https://www.nih.gov/coronavirus
Find NCBI SARS-CoV-2 literature, sequence, and clinical content: https://www.ncbi.nlm.nih.gov/sars-cov-2/

Entry type Summary~ 20 per page ~ Sort by Default order = Sendto:~  Filters: Manage Filters
DataSets (0)
Series (9) W Top Organisms [Tree]
Samples (5) Search results Homo sapiens (15)
Platforms (2) Items: 17 Mus musculus (3)
Organism
Customize ... P
£33 Quoted phrase not found Find related data -~
Study type © see the search details Database:
Expression profiling by array
Methylation profiling by array [ Gene expression data of ovarian clear cell carcinoma from Singapore
Customize 1. (Submitter supplied) Ovarian clear cell carcinoma (OCCC) is an epithelial ovarian cancer (EOC) histology
Auth having distinct pathology, biology, and molecular footprints. OCCC is chemo-resistant and has the worst
Fu [ur stage-adjusted prognosis amongst EOC. Yet, treatment for OCCC patients is no different than other EOC. As
Cusiomize OCCC incidence rate has significantly increase in recent decades, it is critical to find OCCC-tailored Search details &
Attribute name (gerapeu?wc more " y ({"bevacizumab" [MeSH Terms] OR anti-
tissue (5) rganism. oma sapiens VEGF[Al| Fields]) AND resistant[All
strain (1) Type Expression profiling by array Fields]) OR "bevacizumab resistant"[All
Customize Platform: GPL17586 25 Samples Fields]
- - Download data: CEL P
Publication dates Series  Accession: GSE129617  1D: 200129617
30 days PubMed FulltextinPMC  Similar studies  Analyze with GEO2R Search See more
1 year o
Custom range. [J Bevacizumab-resistant HT-29 tumors vs untreated control
2. (Submitter supplied) Gene expression of bevacizumab-resistant HT-29 tumors vs untreated control Recent activity =
Cloar all Qrganism: Homo sapiens

GEO data &*45}7]

HO[EH O]~ &3S SEOHH HOolH &M mOo|X[o SO7HEICE o 7|0 A
g S2E =Qlota HIOHOICH X|fste S22 ARE HREE vk

=

oot

oFH GEO2R O|2t= data exploration &= gene expression H|O|HE
H1 HMO|M DEAE & =& ULC|

nr 0 px N
_'T'_

El
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Platforms (1) GPL16699 Agilent-039494 SurePrint G3 Human GE v2 8x60K Microarray
039381 (Feature Number version)
Samples (6) GSM2304992 HT-29_Control_repl
4 More... GSM2304993 HT-29_Control_rep2
GSM2304994 HT-29_Control_rep3

Relations
BioProject PRINA342123

Analyze with GEO2R
Download family Format
SOFT formatted family file(s) SOFT
MINIML formatted family file(s) MINIML (2
Series Matrix File(s) CH22C g2 2~ ol T}Ql QFAl TXT @

Supplementary file Size Download File type/resource

GSE86525_AR1802_DM0108_Results.xlsx 3.6 Mb (ftp)(http) XLSX
GSEB86525_AR1802_Signal.xls.gz 15.3 Mb (ftp)(http) LS
GSEB6525_RAW.tar 18.5 Mb (http)(custom) TAR (of TXT)

Raw data provided as supplementary file
Processed data included within Sample table

L0/ Ef & A mjOJA]
GEO2R £ O/&8} data exploration

GEO2R & =EotH HO|EHe| MES 2|ZEZ 2= HO[Z0| L}2Ct data
exploration 2 ?[SiM= === Hl 5= 280l0F St11 Analyze £

Z2/3[0F SICt A2 EH Ct8nt 2L},

2. HIO|& HATtO| Define groups A 2 7§ O]9 O&ES HOIsiCt,
A0 @ad2 WEN 2] E58 &L Define groups 2| 3iiE 1

2o
S2isn 120| MMED MZ0| YT
=
[=]

4, & A740] ELIH H|O|Z Of2ile| GEO2R EAO|A Analyze & = = SHLL.

OPtions ®0ilAf DEA & ?I¢ 88 €8¢ =& UCL
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- Samples Selected 6 out of & sampls

control

control

control

test

test

test

to the group Use the Sample metadata (title, source and charactenstics) columns to help determine which Samples belong fo which

GEO2R &%

Volcano plot, MA plot 52| DEG 2t ZtEHEl plot S1F MA|E Q! H|O|E{e] ZXE
Visualization B{O|A =+Qlgt &= QILC} DEG list = Download full columns &
@]

=
Sofl tsv ItUZ MY 5= QUChtsv THU2 LEHOl HAE OfC[H 2T
(o]

o= = = =
S)HM §HE = A2 AE=2 MM Zf 40| =& JH=2 =g 5+ Ut
DEG list Lt¥ 2 X &S| F L7t Enrichment analysis S2| =% 242 StH ZICH
m Options | Profie graph | R script
Log-transformation has been applied to the data. You can change this in the Options tab.
|l-,i‘.wra‘\ﬁl:-’lm\ynpla‘\q
Visualization I*

S GRS e B e e} S35 s sty OBESEE A o cois 1 g i pr—y

Top differentially expressed genes
) 3 full table | Select colur

adj.P.Val t B logFC SEQUENCE
0.327 11,89 157
327 -108 ms
0327 1007 1424
i N
GEOZR result

2%t 2 logfCc &2 &, 25 F&0| o/ 158 7|&22 Up-regulated
o) FO|

215

ot

o
= Down-regulated = QX 4% DEG 2| HZEE EOf E3

giofettt= FOICh,

J
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D adj.P.Val P.Value t B logFC
¥ 23087 0.327 0.0000258 13.14 1.64959 2.017

GSEBB525/23087
1800

Sample values Ul i R

300

GSM2304995
GSM2304996
GSM2304997
GSM2304932
GSM2304993
GSM2304934

I tast I G test 1& 7|F 92 Up-regulted

= expression value

logFC £} Up/Down-regulated group OfX/

EMBL-EBI: Array Express & The European Nucleotide Archive (ENA)

EMBL-EBI :

The home for big data in biology

Explore dozens of biological data resources with our Search service.

colon adenocarcinoma x | All

Bl . - 2 : = Search
We help scientists exploit complex information to make -
discoveries that benefit humankind. Example searches: blast keratin bfld | Build query

Find tools and resources or deposit data.

EBI main

The European Molecular Biology Laboratory’s European Bioinformatic’s Institute
(EMBL-EBI, https://www.ebiacuk/)= FEO|A primary data deposit location 2 =

AHEE|H NCBI 2t OFEHIFX| 2 mycroarray data & 279t Array Express
(https://www.ebi.ac.uk/arrayexpress/)2F raw RNA-Seq data & =-38t The European

Nucleotide Archive (ENA, https://www.ebi.ac.uk/ena/browser/)& 23St QULCH

Array Express = O3 GEO 2| H|O|E{E replicate S{=Lt. Array Express Of| A
S8&E[= accession code & E-GEOD-E A|&SH= Z4=0| GEO 0| A GSE HIO|HE
replicate Sff= Z{0|C}. =, E-GEOD-11111 2 GSE11111 1} &Yt Xt= O|Ct,

EBI &= data exploration tool = Al|SSHX| (X[ RSt= 7|HEEZ ZAA Al O|O|H

#OF OfL|2t =2 AN AT XBELE

44


https://www.ebi.ac.uk/
https://www.ebi.ac.uk/arrayexpress/
https://www.ebi.ac.uk/ena/browser/

EBI| Search

colon adenocarcinoma

Examples: VAV_HUMAN, tp53, Sulston.

Help & Documentation About EBI Search ORCID data claiming

Search results for

Showing 47 results out of 756,783 in All results

Filter your results

Source

All results (75,783)
Genomes & metagenomes (183)
Nucleotide sequences (1,440)
Protein sequences (220)
Macromolecular structures (6)
Bioactive molecules (355)
Gene expression (50,528)
Diseases (192)
Molecular interactions (2)
Gene-Disease Associations (1,411)
Reactions & pathways (103)
Protein families (9)
Protein expression data (120)
Literature (20,373)
Samples & ontologies (830)
Catalogues & Registries (3)
EMBL-EBI web (8)

EBI Z4Z 1}

colon adenocarcinoma

Genomes & metagenomes (183 resuits)

colon adenocarcinoma hypermethylated Source: HGNC (ID: HGNC:42860)
Approved Symbol: CAHM

Approved Name: colon adenocarcinoma hypermethylated

Status: (Approved)

Aliases: LINC00468

Locus Type: RNA, long non-coding

Chromosome: 6q26

s Nucleotide sequences (2) Genomes & metagenomes (2) Literature (1) = show more

ce: Ensembl Gene (ID: ENSG00000270419]

Genentech Colon Cancer Screen Source: EGA (ID: EGAS00001000288)

Cross References: Genomes & metagenomes (7) Literature (1) Samples & ontologies (1)

View all 183 results for Genomes & metagenomes

DDBJ: DDBJ Sequence Read Archive (DRA)

es Gene-Disease Associations (2) Gene expression (1) Genomes & metagenomes (1) = show mos

Q

Build Query

Feedback

The DNA Data Bank of Japan 0| A| 23%3t= DDB]J Sequence Read Archive (DRA,
https://www.ddbj.nig.acjp/dra/index-e.html)O| Ml = RNA-Seq data & EET =+

oLt m3tel 19 GlO|E|L Ch2 ofFfol=rCt H2 Ho|ch
[&+ 1] https://www.ccdatalab.org/blog/2019/3/29/gene-expression-repos-explained

Bioconductor in R

Bioconductor (http://www.Bioconductor.org)e= 2|4 F 209 FH XN GHO|HE
=4g £ As E 22 U /iHY JiUE X[5t= R SE0A e AZEY

o —
WY Z=MEO|CE,
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http://www.bioconductor.org/

B] Ocond UCtor Install Developers About

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

About

Bioconductor Install Learn

Bioconductor provides tools for the « Discover 19¢ )ackages Master Bioconductor tools
analysis and comprehension of high- avallable In release 3.11.

throughput genomic data. Get started with Bioconductor

Bioconductor uses the R statistical
programming language, and is open
source and open development. It
has two releases each year, and an
active user community. Bioconductor
is also available as an AMI (Amazon
Machine Image) and Docker Images.

News

* Bioconductor 3.12 release schedule is Use Develop
announced.

* BiocAsia virtual conference registration is Create bioinformatic solutions with Contribute to Bioconductor
open (free registration!). October 15-18, Bioconductor
2020.

* BiocEurope virtual conference registration
and abstract submission open Decemeber
14-18, 2020.

» See our google calendar for events,
conferences, meetings, forums, etc. Add
your event with email to events at
bioconducter.org.

« Core team job opportunities available,

contact Martin.Morgan at RoswellPark.org . ar;
* Bioconductor F1000 Research Channel is ioconductor.org to add an event.
avallable.

* Orchestrating single-cell analysis with
Bioconductor (abstract; website) and other

Bioconductor main

A
Ix
ot
>

microarray H|O|E{E H|ZESH RNA-seq &2 Lt RTA GHOIHE

e Learn>Courses = S¢lf Z3%t S 55 = ULt
e Learn>Common WorkFlows & Edff £ SHE o If7|X| 0|8 =AE

2otE & ACH

o  Use > Software - find packages O|A 2R3t I{7|X|E %O} Documentation,

details 52 M8 2 = ULL

TCGA H|O|H & GEO HIO|HE CI2# 7Lt DEA E ot &2 HEYS ROA
AE HAHOO|=510] =d5t7| 2|3{A= Bioconductor 2| BiocManager
eto|22{2| EX|7} H4HO|C},

R 0| A BiocManager & A X[St= ZEO|Ct 1 &9l install libraries.R 2 &l
AXACHH HHF O O

if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")
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Gene ID conversion in R with mygene

%S GenelD £ CIE T FZE HHROFg 0| AMZIC}H Entrez_ ID S Gene
symboli HHl= &2 Z0|CER O A mygene I{7|X|E O|E3tH O|E silZ&Y
= QUCE M mygene If7|X|E HX[DIC},

mygene I7|X[2] queryMany =0 HES RSH= genelist £ HIH FEjZ= E10,
source ID £ scope Lt2t0[E{ 0], sink ID (Z1}2)E fields Lt2t0|E{0f| ASH=
SH0E E1 species & HAISIH sourceID E QAT sinkID 2 HEHA|F

=L

gene_list <- c("ENSGOO0O00000003", "ENSGOOO00000005", "ENSGO0000000419",
"ENSGO0000000457", "ENSGO0000000460")

gene_list_conv <- queryMany(gene_list, scopes="ensembl.gene",
fields=c("symbol", "entrezgene"), species="human")

## Finished
gene_list_conv

## DataFrame with 5 rows and 5 columns

H## query _id X _score entrezgene symbol
## <character> <character> <numeric> <character> <character>
## 1 ENSGO0000000003 7105 23.0829 7105 TSPAN6
## 2 ENSGOO000000005 64102 23.0788 64102 TNMD
## 3 ENSGO0000000419 8813 22.2936 8813 DPM1
## 4 ENSGOO000000457 57147 23.0829 57147 SCYL3
## 5 ENSGO0000000460 55732 23.0855 55732 Clorf112

gene_list conv$symbol

## [1] "TSPAN6" "TNMD" "DPM1" "SCYL3" "Clorfl12"

TCGA data access in R with TCGAbiolinks

GDC portal 0| A] TCGA data & CI2Eto 2™

O34 =0| JARUCE A= =UE UFA7|= BE= HOHE %‘E‘EE Ct
o

AMCHH R M Bioconductor IjZ|X| & CHEX S Z TCGAbiolinks =
Zd0| =N =&Y,

Use > Software - Find packages O A] TCGAbiolinks & 445t Lt
https://bioconductor.org/packages/release/bioc/html/TCGAbiolinks.html O

=07t 28 HEQ} documentation 2 =2 = QULCL
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Home » Bioconductor 3.11 » Software Packages » TCGAbiolinks

TCGADbiolinks

platforms 'all § rank 88 / 1905 posts 5/1/3/0
updated < 1 week || dependencies @ 117

DOI: 10.18129/B9.bioc. TCGADbiolinks ﬂ D

TCGADbiolinks: An R/Bioconductor package for integrative analysis with
GDC data

Bioconductor version: Release (3.11)

The aim of TCGAbiolinks is : i) facilitate the GDC open-access data retrieval, ii) prepare the data using
the appropriate pre-processing strategies, iii) provide the means to carry out different standard analyses
and iv) to easily reproduce earlier research results. In more detail, the package provides muitiple
methods for analysis (e.g., differential expression analysis, identifying differentially methylated regions)
and methods for visualization (e.g., survival plots, volcano plots, starburst plots) in order to easily
develop complete analysis pipelines.

Author: Antonio Colaprico, Tiago Chedraoui Silva, Catharina Olsen, Luciano Garofano, Davide Garolini,
Claudia Cava, Thais Sabedot, Tathiane Malta, Stefano M. Pagnotta, Isabella Castiglioni, Michele Ceccarelli,
Gianluca Bontempi, Houtan Noushmehr

Bioconductor SO/ X|OJA] A& S}= TCGAbiolinks CtLf i Of X/

R Console A Ct2 ZE YLHSIO L documentations & L& o= QULCH
browseVignettes ("TCGAbiolinks")

Vignettes found by "browseVignettes("TCGAbiolinks")"

Vignettes in package TCGAbiol inks

* "1, Introduction" - HTML source R code

e "10. TCGAbiolinks_Extension” - HTML source R code

» "2 Searching GDC database” - HTML source R code

e "3. Downloading and preparing files for analysis" - HTML source R code
e "4 Clinical data" - HTML source R code

e "5 Mutation data” - HTML source R code

* "9. Graphical User Interface (GUI)" - HTML source R code

10. Classifiers - HTML source R code

s 6. Compilation of TCGA molecular subtypes - HTML source R code
7. Analyzing and visualizing TCGA data - HTML source R code

8. Case Studies - HTML source R code

R OfA] TCGAbiolinks ©/ documetation ZE!

Ol 24X2Z TCGAbiolinks 2F &t& I{7|X|E Ct220t R Al TCGA HIO|E{E

Ct2% 1 DEG =M S S| EX}



HA, 2t ij7|X|5= EX|etCt,

##### Libraries installation #####

if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")

BiocManager::install("TCGAbiolinks™")

# update all/some/none? [a/s/n]: type a and then enter

BiocManager::install("EDASeq")

BiocManager::install("edgeR")

BiocManager::install("SummarizedExperiment")

library(TCGAbiolinks)
# If TCGAbiolinks is not loaded, type below:
# install.packages("openssl")

gene expression data L} 22 L

legacy archive O A TCGA-COAD ZZM| E 9| RNA-Seq gene expression Cl|O|E{E

ME CheE= ZEO|CH A HIHE GDCportal HA Ll E2F7|F 1 barcode 7t
GDEquery 2| Ot HEZ S0{¢t AS =Qlg = AUCL

TCGAbiolinks 2| GDCquery, GDCdownload &7t A2 E|RULC} Gbcquery O CHSH H Lt
XMool 442 https://rdrr.io/bioc/TCGAbiolinks/man/GDCquery.html &
(SEECIPN
###A##H data download #####
library(TCGAbiolinks)
query <- GDCquery(project = "TCGA-COAD", # colon-adenocarcinoma
data.category = "Gene expression”,
data.type = "Gene expression quantification",
experimental.strategy = "RNA-Seq",
platform = "Illumina HiSeq",

file.type = "results",
legacy = TRUE) # data from lLegacy archive

# Download a List of barcodes with platform IlluminaHiSeq RNASegV2
GDCdownload(query, directory = "../GDCdata")

Preparing expression matrix

Ct222 HO|HE ZESIA raw_count matrix 2 PtE+= 1 O|CE,
SummarizedExperiment I§7|X|7} L3522 GICHH AX|SHAL
TCGAbiolinks 2| GDCprepare 22} SummarizedExperiment 2| assay 7}
A & RUCE

COADMatrix <- SummarizedExperiment::assay(COADRnaseqSE, "raw_count™)
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Normalizing and quantile filtering expression matrix
Raw count matrix & normalize St gene expression O MMz M2 (5}

25%) gene 2 Ze{li= 27 O[CH,

TCGAbiolinks 2| TCGAanalyze Normalization, TCGAanalyze Filtering &7t
A& & RALCE

library(EDASeq)

dataNorm <- TCGAanalyze_Normalization(tabDF = COADRnaseqSE, geneInfo = gen

elnfo)

## I Need about 81 seconds for this Complete Normalization Upper Quantile
[Processing 80k elements /s]

## Step 1 of 4: newSegExpressionSet ...

## Step 2 of 4: withinLaneNormalization ...
## Step 3 of 4: betweenLaneNormalization ...
## Step 4 of 4: exprs ...

# quantile filter of genes

dataFilt <- TCGAanalyze_Filtering(tabDF = dataNorm,
method = "quantile",
gnt.cut = 0.25)

Finding differentially expressed genes

HME HIZEZL NT (normal) @1 21t TP (tumor) 2! A2 E OAFS LHFO Hy
&0l Hisi coaD A AEO|A up-regulated & DEG E FE3t= aHEO|CH
(logFC.cut=1). FHAIE 7Ho| ChEH BOMe SAH woldE EHSH7| fI%
adjusted P value < 0.01 | Z12t ZFMZECEH (fdr.cut=0.01). CHSH|WQe| HIHO =
gImLRT & AtESIELCtH (method = “gImLRT”).

TCGAbiolinks 2| TCGAanalyze DEA, TCGAanalyze LevelTab &7t AtEE| QUL

# selection of normal samples "NT"

samplesNT <- TCGAquery_SampleTypes(barcode
typesample

colnames(dataFilt),
C(IINTII))

# selection of tumor samples "TP"
samplesTP <- TCGAquery_SampleTypes (barcode
typesample

colnames(dataFilt),
c("TP"))

# Diff.expr.analysis (DEA)
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dataDEGs <- TCGAanalyze DEA(matl = dataFilt[,samplesNT],
mat2 = dataFilt[,samplesTP],
Condltype = "Normal",
Cond2type = "Tumor",
fdr.cut = 0.01 ,
logFC.cut = 1,
method = "glmLRT")

## Batch correction skipped since no factors provided

## there are Condl type Normal in 41 samples

## there are Cond2 type Tumor in 285 samples

## there are 14893 features as miRNA or genes

## I Need about 162 seconds for this DEA. [Processing 30k elements /s]
#H -----mmm e e e e - D DEA ceccccccccccscscsocncoononasass

# DEGs table with expression values in normal and tumor samples
dataDEGsFiltLevel <- TCGAanalyze_LevelTab(dataDEGs, "Tumor", "Normal",

dataFilt[,samplesTP],dataFilt[,sampl
esNT])

head(dataDEGsFiltLevel[order(dataDEGsFiltLevel$FDR),], 10) # DEGs ordered b
y FDR

H## mRNA logFC FDR Tumor Normal Delt
a

## BEST4 BEST4 -6.399300 2.689266e-265 39.242105 3605.48780 251.1
2202

## UGP2 UGP2 -1.926551 8.591576e-202 4495.694737 18450.41463 8661.1
8335

## SULT1A2  SULT1A2 -4.098707 6.659248e-176 61.971930 1166.58537 254.

00480

## SLC25A34 SLC25A34 -4.145745 2.876465e-173 45.919298 866.65854 190.

36968

## CLEC3B CLEC3B -3.892536 4.990199e-171 214.231579 3291.73171  833.

90403

## FAM151A FAM151A -5.216771 2.083841e-166 8.098246 365.14634 42.2
4669

## CUBN CUBN -5.267365 6.107065e-165 24.670175 1306.39024 129.9
:gsgDHB CDH3 6.228599 1.027715e-149 4692.719298 63.97561 29229.0
giSEBCGZ ABCG2 -5.012779 3.582667e-143 107.726316 3855.75610 540.0
gzngLPPZ PHLPP2 -2.478031 2.555206e-139 869.554386 5232.85366 2154.
78295
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Enrichment analysis

TCGAbiolinks 2| TCGAvisualize EAbarplot &= DEG H|O|=2 7IX|1 GO
analysis 3 Pathway analysis & F&5t0 2|5t functional profile 2 -log(FDR)%t
220 2 barplot 22 12| OIA|HZCLE,

Genelist <- rownames(dataDEGsFiltlLevel)
ansEA <- TCGAanalyze_EAcomplete(TFname="DEA genes Normal Vs Tumor",Genelis
t)

## [1] "I need about 1 minute to finish complete Enrichment analysis GO[B
P,MF,CC] and Pathways... "

## [1] "GO Enrichment Analysis BP completed....done"

## [1] "GO Enrichment Analysis MF completed....done"

## [1] "GO Enrichment Analysis CC completed....done"

## [1] "Pathway Enrichment Analysis completed....done"

library(png)

png("./pictures/ch2_18.png")

TCGAvisualize_ EAbarplot(tf = rownames(ansEA$ResBP),
GOBPTab = ansEA$ResBP,

GOCCTab = ansEA$ResCC,

GOMFTab = ansEA$ResMF,

PathTab = ansEA$ResPat,

nRGTab = Genelist,

nBar = 10,

filename = NULL) # default: save as pdf
dev.off()
## png
#H 2
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DEA genes Normal Vs Tumor (nRG = 3936)
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TCGAbiolinks 2| TCGAAanalyze_survival 2=+ cancer project 2| clinical data Tt=

Ct=2

2O} group Of [} survival plot &

JED My eMe cheat 2ot

clinical_patient: TCGA Clinical patient with the information days_to_death
clusterCol: Column with groups to plot. This is a mandatory field, the caption will
be based in this column

legend: Legend title of the figure
xlim: xlim x axis limits e.g. xlim = c(0, 1000). Present narrower X axis, but not affect
survival estimates.

main: main title of the plot
ylab: y-axis text of the plot
xlab: x-axis text of the plot
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e filename: The name of the pdf file

e  color: Define the colors of the lines.

e  pvalue: Show pvalue in the plot.

e risk.table: Show or not the risk table

e confint: Show confidence intervals for point estimates of survival curves.

2 XS =X
png("./pictures/ch2_19.png")

clin.coad <- GDCquery_clinic("TCGA-COAD","clinical™)
TCGAanalyze_survival(clin.coad, "gender", # mandatory arguments
main = "TCGA Set\n COAD", height = 10, width=10,
p.value = T, risk.table =T,
filename = NULL) # Default: save as pdf
dev.off()

## png
## 2
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Legend == female {n=218) = male {n =242}
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Extracting clinical data

CH22 TCGA OIO|E{Q| clinical information & F&5t= 1HJO|L}. Gene expression

HO|EE CtE2 it FAISHA TCGAbiolinks 2| Gbcquery 2t GDCdownload £
AESHE] FH2| 2H0f| data.category 2t data.type, data.format O] CHE A2 &olgt
T UL
library(TCGAbiolinks)
query <- GDCquery(project = "TCGA-COAD",

data.category = "Clinical",

data.type = "Clinical Supplement",
data.format = "BCR Biotab")

GDCdownload(query, directory = "../GDCdata")
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names(clinical.BCRtab.all)

## [1] "clinical_nte_coad" "clinical_follow up v1.0 coad"
## [3] "clinical _omf_v4.0_coad" "clinical_patient_coad"

## [5] "clinical_follow_up_v1.0 nte_coad" "clinical_drug_coad"

## [7] "clinical_radiation_coad"

nte <- as.data.frame(clinical.BCRtab.all[1])
colnames(nte) <- nte[1,]

nte <- nte[-c(1:2),]

follow_up <- as.data.frame(clinical.BCRtab.all[2])
colnames(follow up) <- follow up[1,]

follow_up <- follow up[-c(1:2),]

omf <- as.data.frame(clinical.BCRtab.all[3])
colnames(omf) <- omf[1,]

omf <- omf[-c(1:2),]

patient <- as.data.frame(clinical.BCRtab.all[4])
colnames(patient) <- patient[1,]

patient <- patient[-c(1:2),]

follow up_nte <- as.data.frame(clinical.BCRtab.all[5])
colnames(follow_up _nte) <- follow up_nte[1,]
follow _up_nte <- follow_up nte[-c(1:2),]

drug <- as.data.frame(clinical.BCRtab.all[6])
colnames(drug) <- drug[1,]

drug <- drug[-c(1:2),]

radiation <- as.data.frame(clinical.BCRtab.all[7])
colnames(radiation) <- radiation[1, ]

radiation <- radiation[-c(1:2),]

head(nte, 3)

N

N

H#it bcr_patient_uuid bcr_patient_barcode
## 3 CE@O896A-F7D2-4123-BB95-24CB6E53FC32 TCGA-5M-AAT6
## 4 A54B322B-80D3-435C-8D14-25841B741F6C TCGA-5M-AATE
## 5 DD7A53EE-CBO8-40C4-9935-51D1CA17E9ES TCGA-A6-A565
## days_to_new_tumor_event_after_initial treatment

#i# 3 219

## 4 810

## 5 301

## site of _additional surgery new_tumor_event mets additional radiation_
therapy

#it 3 [Not Available]

0]

## 4 [Not Available]

0]

## 5 [Not Available]

0]

## additional pharmaceutical therapy

#it 3 YES

## 4 YES

## 5 YES

## days_to _new _tumor_event_ additional surgery procedure
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## 3 [Not Available]
#it 4 [Not Available]
## 5 [Not Available]

## new_neoplasm_event_occurrence_anatomic_site new_neoplasm_event_type

#it 3 [Not Available] [Unknown]
##t 4 [Not Available] [Unknown]
## 5 [Not Available] [Unknown]

## new_neoplasm_occurrence_anatomic_site_text

## 3 [Not Available]

#H#t 4 [Not Available]

#it 5 [Not Available]

## new_tumor_event_additional_surgery procedure progression_determined_b
y

## 3 NO [Not Available]

#it 4 NO [Not Available]

## 5 NO [Not Available]

## residual_disease_post_new_tumor_event_margin_status
## 3 [Not Available]
#it 4 [Not Available]
## 5 [Not Available]

head(follow up, 3)

H## bcr_patient_uuid bcr_patient_barcode bcr_followup_ b
arcode
## 3 A94E1279-A975-480A-93E9-7B1FFO5CBCBF TCGA-3L-AA1B TCGA-3L-AA1B
-F67516
## 4 A94E1279-A975-480A-93E9-7B1FFO5CBCBF TCGA-3L-AA1B TCGA-3L-AA1B
-F70121
## 5 92554413-9EBC-4354-8E1B-9682F3A031D9 TCGA-4N-A93T TCGA-4N-A93T
-F67783
H#it bcr_followup_uuid form_completion_date
## 3 8AECA573-0OEQ7-4BFC-A1A7-FF843D3D447A 2014-11-6
## 4 9F19C5A6-1A27-409D-B136-B731A79B9F2C 2015-2-26
## 5 B614BDCE-3651-4441-BA59-DDDD53D595FF 2014-11-11
##  followup case_report_form_submission_reason lost follow up radiation_t
herapy
#it 3 Scheduled Follow-up Submission NO
NO
##t 4 Scheduled Follow-up Submission NO
NO
## 5 Scheduled Follow-up Submission NO
NO
##  postoperative_rx_tx primary_therapy_outcome_success vital_ status
## 3 NO Complete Remission/Response Alive
##t 4 NO Complete Remission/Response Alive
## 5 YES Stable Disease Alive
## days_to last followup days_to death person_neoplasm_cancer_status
#it 3 349 [Not Applicable] [Unknown]
#t 4 475 [Not Applicable] [Unknown]
## 5 146 [Not Applicable] WITH TUMOR

## new_tumor_event after initial treatment followup treatment success
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## 3 NO [Unknown]

## 4 NO Complete Remission/Response

## 5 NO Stable Disease
head(omf, 3)

## bcr_patient_uuid bcr_patient_barcode bcr_omf_bar
code

## 3 d976782c-90c1-421d-b83c-7fc2617e2709 TCGA-A6-2677 TCGA-A6-2677-
012677

## 4 7d8eabla-e6c8-4449-9ebf-50c41db94a06 TCGA-A6-2681 TCGA-A6-2681-
044803

## 5 7d8eabla-e6c8-4449-9ebf-50c41db94206 TCGA-A6-2681 TCGA-A6-2681-
044804

H## bcr_omf_uuid form_completion_date

## 3 84EE676C-60D4-4B41-A440-657537A18D6A 2011-6-6

## 4 30378729-C13A-4D17-BA8B-3E73BDAD7BOE 2013-6-27

## 5 2099E22F-A107-47BC-A4A5-7AA4E4283032 2013-6-27

H## malignancy_type days_to_other_malignancy_dx surgery indicator
## 3 Synchronous Malignancy [Not Available] [Not Available]

##t 4 Prior Malignancy -365 YES

## 5 Prior Malignancy [Not Available] YES

#it surgery_type days_to_surgical_resection

## 3 [Not Available] 59

## 4 Excision skin lesion Right upper back -365

## 5 Mastectomy [Not Available]

## drug_tx_indicator drug_tx_extent drug_name days_to_drug_therapy
_start

#t 3 NO [Not Available] [Not Available] [Not Availa
ble]

#it 4 NO [Not Available] [Not Available] [Not Availa
ble]

## 5 NO [Not Available] [Not Available] [Not Availa
ble]

## radiation_tx_indicator radiation_tx_extent rad_tx_to_site_of_primary_t
umor

## 3 YES Locoregional NO
#it 4 NO [Not Available] [Not Availabl
e]

## 5 NO [Not Available] [Not Availabl
e]

## days_to radiation_therapy_start system version pathologic T

#it 3 514 6th T3a

#it 4 [Not Available] [Not Available] [Not Available]

## 5 [Not Available] [Not Available] [Not Available]

H## pathologic N pathologic M pathologic stage «clinical stage

## 3 N1 MX Stage III [Not Applicable]

## 4 [Not Available] [Not Available] [Not Available] [Not Available]

## 5 [Not Available] [Not Available] [Not Available] [Not Available]

## other_malignancy_anatomic_site other_malignancy anatomic_site_text

#it 3 Kidney [Not Applicable]

#it 4 Back [Not Applicable]
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## 5 Breast [Not Applicable]
## other_malignancy_histological_type other_malignancy_histological type
_text

## 3 Kidney Clear Cell Renal Carcinoma [Not Applicabl
e]

##t 4 Other, specify Squamous cell Carcinoma in si
tu

## 5 [Not Available] [Not Applicabl
e]

## other_malignancy_ laterality stage_other

#it 3 Left [Not Available]

##t 4 [Not Applicable] [Not Available]

## 5 Left [Not Available]

head(patient, 3)

H## bcr _patient _uuid bcr _patient _barcode form_completio
n_date

## 3 A94E1279-A975-480A-93E9-7B1FFO5CBCBF TCGA-3L-AA1B 201
4-4-22

## 4 92554413-9EBC-4354-8E1B-9682F3A031D9 TCGA-4N-A93T 201
4-10-1

## 5 ASE14ADD-1552-4606-9FFE-3A03BCF76640 TCGA-4T-AA8H 20
14-6-5

H## histological type tissue_prospective _collection_indicator
#i# 3 Colon Adenocarcinoma YES

#it 4 Colon Adenocarcinoma YES

## 5 Colon Mucinous Adenocarcinoma NO

## tissue_retrospective_collection_indicator gender days_to_birth

#i# 3 NO FEMALE -22379

## 4 NO MALE -24523

## 5 YES FEMALE -15494

H## race ethnicity other_dx

## 3 BLACK OR AFRICAN AMERICAN NOT HISPANIC OR LATINO No

## 4 BLACK OR AFRICAN AMERICAN NOT HISPANIC OR LATINO No

## 5 BLACK OR AFRICAN AMERICAN NOT HISPANIC OR LATINO No

## history_of neoadjuvant_treatment year of_initial pathologic_diagnosis
#it 3 No 2013

#it 4 No 2013

## 5 No 2013

## system_version pathologic_T pathologic_N pathologic_M pathologic_stage
#it 3 7th T2 NO Mo Stage I

#it 4 7th T4a N1b Mo Stage IIIB

## 5 7th T3 No MX Stage IIA

## residual tumor primary_lymph _node_ presentation_assessment

#it 3 RO YES

## 4 RO YES

## 5 RO YES

##  lymph_node examined count number of_ lymphnodes positive by he

#it 3 28 0

#it 4 25 [Not Available]

## 5 24 0
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##  number_of_lymphnodes positive by ihc vital status days_to_last_followu

p

#it 3 0 Alive 154
## 4 2 Alive 8
## 5 [Not Available] Alive 160
## days_to_death person_neoplasm_cancer_status

## 3 [Not Applicable] TUMOR FREE

## 4 [Not Applicable] WITH TUMOR

## 5 [Not Applicable] TUMOR FREE

##  preoperative_pretreatment_cea_level non_nodal_tumor_deposits

#it 3 [Not Available] NO

## 4 2.0 YES

## 5 [Not Available] NO

## circumferential_resection_margin venous_invasion lymphatic_invasion
## 3 [Not Available] NO NO

## 4 30 NO NO

## 5 20 NO NO

## perineural_invasion_present microsatellite_instability number_of_loci_
tested

## 3 NO NO [Not Availabl
e]
#it 4 NO [Unknown] [Not Availabl
e]
## 5 NO NO [Not Availabl

## number_of_abnormal_loci loss_expression_of _mismatch_repair_proteins_b
y_ihc

#i 3 [Not Available] YES
#t 4 [Not Available] YES
## 5 [Not Available] YES
H## loss_expression_of_mismatch_repair_proteins_by ihc_result

## 3 MLH1-Expressed|MSH2-Expressed|PMS2-Expressed|MSH6-Expressed
## 4 MLH1-Expressed|MSH2-Expressed|PMS2-Expressed|MSH6-Expressed
## 5 MLH1-Expressed|MSH2-Expressed|PMS2-Expressed|MSH6-Expressed
## kras_gene_analysis_performed kras_mutation_found kras_mutation_codon

#i# 3 NO [Not Available] [Not Available]

#it 4 NO [Not Available] [Not Available]

## 5 NO [Not Available] [Not Available]

## braf _gene analysis performed braf gene analysis result

#it 3 NO [Not Available]

## 4 NO [Not Available]

## 5 NO [Not Available]

##  synchronous_colon_cancer_present history of colon polyps colon_polyps
present

#it 3 NO YES YE
S

## 4 YES NO YE
S

## 5 NO NO N
0]

H## weight height number_of first degree relatives with _cancer_diagnosis
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#it 3 63.3 173 0

## 4 134 167.64 0

## 5 107.956 167.6 0

## radiation_therapy postoperative_rx_tx primary_therapy_outcome_success

## 3 NO NO Complete Remission/Response

#it 4 NO YES Stable Disease

## 5 NO NO Complete Remission/Response

## new_tumor_event_after_initial_treatment age_at_initial pathologic_dia

gnosis

#it 3 NO 61

## 4 NO 67

## 5 NO 42

## anatomic_neoplasm_subdivision cancer_diagnosis_cancer_type_icd9 text_
name

## 3 Cecum [Not Available]

#it 4 Ascending Colon [Not Available]

## 5 Descending Colon [Not Available]

H## clinical M clinical N clinical T clinical_stage

## 3 [Not Applicable] [Not Applicable] [Not Applicable] [Not Applicable]

## 4 [Not Applicable] [Not Applicable] [Not Applicable] [Not Applicable]

## 5 [Not Applicable] [Not Applicable] [Not Applicable] [Not Applicable]

## days_to_form_completion days_to_initial pathologic_diagnosis

#it 3 [Not Available] 0

#it 4 [Not Available] 0

## 5 [Not Available] 0

## days_to_patient_progression_free days_to_tumor_progression death_cause
text

#i 3 [Not Available] [Not Available] [Not Availab
le]

#it 4 [Not Available] [Not Available] [Not Availab
le]

## 5 [Not Available] [Not Available] [Not Availab
le]

H## disease_code eastern_cancer_oncology group extranodal involvement

## 3 [Not Available] [Not Available] [Not Applicable]

## 4 [Not Available] [Not Available] [Not Applicable]

## 5 [Not Available] [Not Available] [Not Applicable]

## family _member_relationship_type icd_10 icd_o_3 histology icd_o_3 site
#it 3 [Not Available] C18.0 8140/3 C18.0

#it 4 [Not Available] (C18.2 8140/3 C18.2

## 5 [Not Available] C18.6 8480/3 C18.6

##  informed _consent verified init pathology dx method other

#it 3 YES [Not Available]

## 4 YES [Not Available]

## 5 YES [Not Available]

## initial pathologic_diagnosis method karnofsky performance score

#it 3 [Not Available] [Not Available]

#it 4 [Not Available] [Not Available]

## 5 [Not Available] [Not Available]

## lost_follow_up measure_of _response number_cycles number_pack_years_
smoked
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## 3 [Not Available] [Not Available] [Not Available] [Not Avail
able]

## 4 [Not Available] [Not Available] [Not Available] [Not Avail
able]

## 5 [Not Available] [Not Available] [Not Available] [Not Avail
able]

## patient_death_reason patient_id pharm_regimen pharm_regimen_other
#it 3 [Not Available] AA1B [Not Available] [Not Available]

##t 4 [Not Available] A93T [Not Available] [Not Available]

## 5 [Not Available] AA8H [Not Available] [Not Available]

#t project_code regimen_indication relative_family cancer_history

## 3 [Not Available] [Not Available] [Not Available]

## 4 [Not Available] [Not Available] [Not Available]

## 5 [Not Available] [Not Available] [Not Available]

H## stage_other stem_cell transplantation stopped_smoking year

## 3 [Not Available] [Not Available] [Not Available]

## 4 [Not Available] [Not Available] [Not Available]

## 5 [Not Available] [Not Available] [Not Available]

##  tissue_source_site tobacco_smoking history tumor_tissue_site

#it 3 3L [Not Available] Colon

#it 4 4N [Not Available] Colon

## 5 47 [Not Available] Colon

## year_of_tobacco_smoking _onset
## 3 [Not Available]
#it 4 [Not Available]
## 5 [Not Available]

head(follow_up_nte, 3)

H## bcr_patient_uuid bcr_patient_barcode bcr_followup b
arcode

## 3 CEQO896A-F7D2-4123-BB95-24CB6E53FC32 TCGA-5M-AAT6 TCGA-5M-AAT6
-F70107

## 4 A54B322B-80D3-435C-8D14-25841B741F6C TCGA-5M-AATE TCGA-5M-AATE
-F70110

## 5 565€2726-4942-4726-89d3-c5e3797f7204 TCGA-A6-2671 TCGA-A6-267
1-F6018

## days_to_new_tumor_event_after_initial_treatment

#it 3 219

#it 4 810

## 5 535

## site of _additional surgery new_tumor_event mets additional radiation_
therapy

## 3 [Not Available] N
0]

#it 4 [Not Available] N
0]

## 5 [Not Available] N
0]

## additional_pharmaceutical_therapy

#i 3 YES

## 4 YES
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## 5 YES
## days_to_new_tumor_event_additional_surgery_procedure

## 3 [Not Available]
##t 4 [Not Available]
## 5 [Not Available]

## new_neoplasm_event_occurrence_anatomic_site new_neoplasm_event_type

## 3 [Not Available] [Unknown]
#it 4 [Not Available] [Unknown]
## 5 [Not Available] [Unknown]

## new_neoplasm_occurrence_anatomic_site_text

#it 3 [Not Available]

#H#t 4 [Not Available]

#i#t 5 [Not Available]

## new_tumor_event_additional_surgery_ procedure progression_determined_b
y

## 3 NO [Not Available]

#t 4 NO [Not Available]

## 5 NO [Not Available]

## residual_disease post_new_tumor_event_margin_status

## 3 [Not Available]
#it 4 [Not Available]
## 5 [Not Available]

head(drug, 3)

H#it bcr_patient_uuid bcr_patient_barcode bcr_drug_bar
code

## 3 92554413-9EBC-4354-8E1B-9682F3A031D9 TCGA-4N-A93T TCGA-4N-A93T-
D65957

## 4 565e2726-4942-4726-89d3-c5e3797f7204 TCGA-A6-2671 TCGA-A6-2671
-D6020

## 5 565e2726-4942-4726-89d3-c5e3797f7204 TCGA-A6-2671 TCGA-A6-2671
-D6055

H## bcr_drug _uuid form_completion_date drug_
name

## 3 25E5CD87-BB8D-4D2A-8219-1660D2F13AEE 2014-10-1 Xe
loda

## 4 3aefce87-3734-4b5f-ade2-c62dbbaSbadf 2011-1-11 Study drug AM
G 655

## 5 409b319f-5642-4138-8e5d-d948107d0425 2011-1-12

5 FU

## clinical trail drug classification therapy_ type

#it 3 [Not Available] Chemotherapy

#it 4 [Not Available] Other, specify in notes

## 5 [Not Available] Chemotherapy

## days_to_drug therapy start therapy ongoing days to drug therapy end

#it 3 68 YES [Not Available]

#it 4 96 NO 270

## 5 96 NO 270

## measure_of_response days_to_stem_cell transplantation pharm_regimen

#it 3 [Not Applicable] [Not Available] [Not Available]

#it 4 [Not Available] [Not Available] [Not Available]
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## 5 [Not Available] [Not Available] [Not Available]
## pharm_regimen_other number_cycles therapy_type notes

## 3 [Not Available] [Not Available] [Not Available]

##t 4 [Not Available] 12 Protocol AMG 20060464

## 5 [Not Available] 12 [Not Available]

## prescribed_dose_units total_dose_units prescribed_dose regimen_number

## 3 [Not Available] [Not Available] [Not Available] [Not Available]
#i 4 mg/kg mg/kg [Not Available] 1
## 5 mg mg 450-735 1

## route_of_administration stem_cell transplantation

#it 3 [Not Available] [Not Available]

##t 4 IV [Not Available]

## 5 IV [Not Available]

## stem_cell transplantation_type regimen_indication regimen_indication_n
otes

## 3 [Not Available] [Not Available] [Not Applicabl
e]

#it 4 [Not Available] PALLIATIVE [Not Applicabl
e]

## 5 [Not Available] PALLIATIVE [Not Applicabl
e]

H## total_dose tx_on_clinical trial

## 3 [Not Available] NO

## 4 [Not Available] [Not Available]

## 5 7185 [Not Available]

head(radiation, 3)

H#it bcr_patient_uuid bcr_patient_barcode

## 3 e6ec5a68-7555-4126-bd7e-9cdb4c5f7004 TCGA-AA-3549
## 4 bce3ced5-4fb3-4d8e-9ec7-d24427c2badd TCGA-AA-3692
## 5 bce3ce45-4fb3-4d8e-9ec7-d24427c2ba4d TCGA-AA-3692
## bcr_radiation_barcode bcr_radiation_uuid

## 3  TCGA-AA-3549-R38338 B72A855F-225F-4537-A74F-8485ABDBAGDO
## 4 TCGA-AA-3692-R38345 2054309D-1EBC-4311-BF8A-621F6447F385
## 5 TCGA-AA-3692-R38346 1081C34F-DA75-4856-966C-8F9B1OE784AA
##  form_completion_date radiation_type anatomic_treatment_site radiation_

dosage

#it 3 2012-12-13 External Distant Recurrence
9

## 4 2012-12-13 External Distant Recurrence
39

## 5 2012-12-13 External Distant Recurrence
38

##  units numfractions days to radiation_therapy start

#it 3 Gy [Not Available] 1126

#t 4 Gy [Not Available] 31

## 5 Gy [Not Available] 365

## radiation_treatment_ongoing days to_radiation_therapy end

## 3 NO 1126

## 4 NO 426

## 5 NO 761
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## measure_of_response course_number radiation_type_notes
## 3 Radiographic Progressive Disease [Not Available] [Not Applicable]
## 4 Radiographic Progressive Disease [Not Available] [Not Applicable]
## 5 Radiographic Progressive Disease [Not Available] [Not Applicable]
## regimen_indication regimen_indication_notes

## 3 [Not Available] [Not Available]

##t 4 [Not Available] [Not Available]

## 5 [Not Available] [Not Available]

clinical information 2 7|&=2 2 {St= O[O|HBt === Ho &8 = QUCL
TCGA ZIX| ZEZHEO/ OJE} LJO/E X3/

S8 Z2HEJ ot ™A TCGA HIOIHOIAM MU= A=0| A=K
BOHCOHH O{EA 27 recount I{7|X|E A D= MEHO|EE
JIMQIM ST LZ20| S0 TZMEE A2

library(recount)

# Get all metadata
if (!file.exists("./data/metadata_tcga.Rdata")) {
metadata_tcga <- recount::all_metadata("tcga")
save(list=c("metadata_tcga"), file="./data/metadata_tcga.Rdata")
} else {
load(file="./data/metadata_tcga.Rdata")

}

# Get a drugs Llist
drug_columns <- grep("drug", names(metadata_tcga@listData))
names (metadata_tcga@listData)[drug_columns] # cgc_drug therapy drug name

## [1] "cgc_case_drug_therapy"

## [2] "cgc_drug _therapy drug name"

## [3] "cgc_drug_therapy_pharmaceutical_therapy_type"
## [4] "cgc_drug_therapy id"

## [5] "xml_has_drugs_information"

all drugs <- levels(as.factor(metadata tcga@listData$cgc _drug therapy drug
_hame))

length(all drugs) # A/A/EZ drugs +

## [1] 494

# head(all _drugs, 20) # 20 7§ ZzF 22/
write.table(all_drugs, file="./data/drugs _all tcga.csv")

# Y o420 X 2ol
query drug_idx <- grep(“"ipilimumab", metadata_ tcga$cgc_drug therapy drug n
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ame,
ignore.case = T)
unique(metadata_tcga$cgc_drug_therapy_drug_name[query_drug_idx])

## [1] "ipilimumab" "Ipilimumab"

query_drug_idx <- grep("Nivolumab", metadata_tcga$cgc_drug_therapy_drug na
me,

ignore.case = T)
unique(metadata_tcga$cgc_drug_therapy_drug_name[query_drug_idx])

## [1] "Nivolumab" "nivolumab"

# 2A S=0] 225 cancer project 22/
# ipilimumab
query_proj_idx <- grep("Ipilimumab", metadata_tcga$cgc_drug therapy_drug n
ame,

ignore.case = T)
Ipili <- metadata_tcga[query_proj_idx, ]
unique(Ipili$gdc_cases.project.project_id) # "TCGA-SKCM"

## [1] "TCGA-SKCM"

# nivolumab
query_proj_idx <- grep("Nivolumab", metadata_tcga$cgc_drug_therapy_drug_na
me,

ignore.case = T)
Nivo <- metadata_tcga[query_proj_idx, ]
unique(Nivo$gdc_cases.project.project_id) # "TCGA-BLCA" "TCGA-SKCM"

## [1] "TCGA-BLCA" "TCGA-SKCM"

GEO data access in R with GEOquery
geo_data.R = gene expression data L2810 FX{2/5f7)7/

GEO excession code & O|&5}0] series data € CH22H7| ?|8iA= GDCquery
I{7|X|7t ERQ3BICt download_gse HTE Sl U ZEOM o 2 OIS

H2 A O
s o+ ACL

Biobase If7|X|E MX|S}D LIH extract_gse B+E O|23I0 CI2E2

e 2 2

o exprs(Expressionset) 22 R O0{X|= expression matrix
e pdata(Expressionset) 22 R O{X|= clinical data

o fdata(Expressionset) 2E R O{X|= gene information
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= 22 exprs_mat, annot_data, gene_info 2= H=0 B, SHARO 2[AE=R
FOf gretet 4= QUL

## download geo on your computer, or if exist, load them on R
## Lload GEO series data as an ExpressionSet
download_gse <- function(gse_serial_no, download dir="../geo data") {
## Example: gse <- download gse("gsell111l")
## gse <- download_gse("gsel11111", "../geo _data")
if (!is.character(gse_serial_no))
return("Argument Error: Ex) gse <- download_gse('gselllll','../geo_data

")
if (!file.exists(download_dir)) {dir.create(download_dir)}

library(GEOquery)
file idx <- grep(gse_serial no, dir(download_dir), ignore.case = T)
if (length(file_idx)>0) {
filename <- file.path(download_dir, dir(download_dir)[file_idx])
gse <- getGEO(filename=filename)
} else {
gse <- getGEO(toupper(gse_serial no), GSEMatrix = TRUE, destdir=downloa
d_dir)

}
return(gse) # result: ExpressionSet
}
## extract exprs_mat, annot_data, gene_info from ExpressionSet
extract _gse <- function(gse, save dir="../geo Rdata", save_name) {
## Example:
## data <- extract _gse(gse, "../geo Rdata", "gselllll")
library(Biobase)

exprs_mat <- exprs(gse) # expression matrix
gene_info <- fData(gse) # gene information
annot_data <- pData(gse) # clinical data

if (!file.exists(save dir)) {dir.create(save_dir)}

save(list=c("annot_data", "exprs_mat", "gene_info"),
file=paste@(save dir, "/", save_name, ".Rdata"))

data <- list('exprs_mat'=exprs_mat, 'gene_info'=gene_info, 'annot data'=a
nnot_data)
return(data)

}
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9| &= functions/geo_data.R O XZE|0f QUL
source("../functions/geo_data.R") TE= source(geo data.R7tX|Q] HE2)C =2
=oi2 § &8 A8Y = UCH

source("../functions/geo_data.R")

geo_series_idx <- "gselll636"
gse <- download_gse(geo_series_idx) # geo data =L

##

## cols(

## ID_REF = col_character(),
##  GSM3036125 = col double(),
## GSM3036126 = col_double(),

##  GSM3036127 = col_double(),
##  GSM3036128 = col _double(),
## GSM3036129 = col _double(),
##  GSM3036130 = col _double(),
##  GSM3036131 = col _double(),
## GSM3036132 = col_double(),
##  GSM3036133 = col double(),

##  GSM3036134 = col _double(),
##  GSM3036135 = col double()
#H )

## File stored at:
## C:\Users\Public\Documents\ESTsoft\CreatorTemp\RtmpmCblAG/GPL17586.soft

## Warning: 5990 parsing failures.

## row col expected actual file
## 67363 start a double --- literal data
## 67363 stop a double --- literal data
## 67364 start a double --- literal data
## 67364 stop a double --- literal data
## 67365 start a double --- literal data

{#¥ 00000 00000 00000000 00OO0OO COOGOO0O00OGGC
## See problems(...) for more details.

data <- extract_gse(gse, "../geo _Rdata", geo_series_idx) # data = exprs_ma

t, gene_info, annot _data & E I J= Z/[AE
attach(data)

DEG %7/

CIS2 RNA-Seq 2LE2FEH Y2 countdata 2 =l expression matrix 0| A| DEG &
2= O X o|Ct.
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rm(list=1s())
gse_serial _no <- "gsell7358"

gene_counts <- read.csv("../geo data/GSE117358 genecounts.csv")

head(gene_counts[,1:10])

## ABO1 AB©2 ABOS AB10 AB17 AB18 AB25 AB26 AB33 AB34
## 1 5344 6003 5392 5452 4652 4620 4510 5077 4313 6617
## 2 (%} 0 0 (%} 0 (%} (%} (%} (%} (%]

## 3 812 967 841 882 658 434 686 867 568 1247
## 4 8346 14646 6320 16274 5830 5422 4158 13197 4356 13387
## 5 88 142 83 128 70 75 51 107 45 143
## 6 2 3 0 %] %] 5 4 1 1 5
library(dplyr)

# sample can be grouped into (AB responder, AB nonresponder, RZ responder,

RZ nonresponder)
AB <- gene_counts %>% select(colnames(gene_counts[grep("AB", colnames(gene_
counts))]))

rownames (AB) <- gene_counts$Symbol
AB <- as.matrix(AB)

source("../functions/preprocess_expression_mat.R")
Hit####A### DEG analysis on AB

# normalization of genes

AB <- gnormalize(AB)

Liddd

ABO1  ABO2 ABO9 AB10 AB17

150000

0
|

# quantile filter of genes
AB1 Filt <- gfilter(AB, gnt.cut = 0.25)

source("../functions/dea.R")
AB1_R <- AB1_Filt[, seq(1, ncol(AB1_Filt), by=2)]
AB1 NR <- AB1 Filt[, seq(2, ncol(AB1 Filt), by=2)]

res_filt upl <- analyze DEG_cnt(AB1 R, AB1 NR, "logFC > 1 & FDR < ©.01")
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## Loading required package: limma

##

## Attaching package: 'limma‘

## The following object is masked from 'package:BiocGenerics':

##
##

plotMA

## Disp = ©0.10439 , BCV = 0.3231

res_filt_downl <- analyze DEG_cnt(AB1_R, AB1_NR, "logFC < -1 & FDR < 0.01")

##

Disp = ©.10439 , BCV = 0.3231

head(res_filt upl, 10)

##
##
##
##
##
##
##
##
##
#H#
##

logFC logCPM Pvalue FDR
Rpl36a-ps3 6.776259 3.1668831 1.269852e-132 3.535267e-128
Tptl-ps5 4.647967 3.5673318 4.371627e-89 1.106419e-85
Rpsll-ps3 4.960140 1.3504531 9.041029e-75 8.390075e-72
Lcn2 3.894966 4.9180481 4.200203e-73 3.340961e-70
Gm15056 3.755328 5.4481528 3.232379e-69 2.249736e-66
Rpl27-psl1 4.713970 ©.7153889 2.398134e-62 1.236371e-59
Rpl36-ps2 4.122101 1.3215682 2.800764e-60 1.392380e-57
Pdcdllg2 3.277930 5.1652066 2.369808e-55 9.425065e-53
Gm2225 3.399671 2.6806590 1.599887e-53 5.498872e-51
Gm3076 4.440987 0.2619333 7.353458e-52 2.201293e-49

head(res_filt_downl, 10)

##
#H#
#H#
##
#H#
#H#
##
#H#
##
H#
##

logFC 1logCPM PValue FDR
Krt77 -8.193637 2.119829 1.272916e-126 1.771900e-122
Gm8623 -7.211263 2.349354 2.608129e-123 2.420344e-119
Gm5879 -5.457276 3.661994 1.408424e-110 9.802634e-107
Rpl31-ps13 -5.751612 2.601681 4.600136e-106 2.561356e-102

Krtap3-2 -5.113961 3.381023 6.311631e-100 2.928597e-96
Krt33b -4.777194 4.420790 2.616557e-96 1.040642e-92
Gm11937 -5.030472 2.977936 7.419042e-95 2.581827e-91
Krt33a -4.599164 5.033335 9.030293e-93 2.793371e-89
Krt34 -4.500810 4.953944 1.106058e-89 3.079266e-86
Krt31 -4.487836 4.294202 1.216148e-87 2.821463e-84
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RZ01 RZ02 RZ09 RZ10 RZ17

## Disp = 0.02767 , BCV = 0.1664
## Disp = 0.02767 , BCV = 0.1664
Workflow

DEA o X¥ &=M& ChSat ZLf.

rr

5. preprocessing the data

6. quantile normalization

7. Microarray data: log2 transform
8. quantile filtering

9. Finding DEGs

10. Functional enrichment

11. Network analysis

12. Visualization

Microarray data 2| B% &A4fS A= relative expression level matrix Of, RNA-
o
| —

Seq & TX2|5t0] &
Ch=ol IF8S oA Elth. M2 X017t Lt £E2 log2 tranform 2| X &

k=]
=
52 DEG & HE= REO|CL

countdata 2| A% H+itE A= count matrix Of CHSH

i

e  Microarray data 2| Z% rawdata 2| 4% log2 transform 2 &-&35}1, DEG

7| 281 R Q| limma If7|X|E AFSICE

il

e RNA-Seqcountdata 2| Z% log2 transform & M-E&6}IX| %10 DEGE &7

2|3l edgeR I{7|X[E O|ZTtLCt
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TCGA data 2| 4<%, Al TCGAbiolinks

=
=
ATHEHS0| TCGAbiolinks 0| B4+E AL

5to XJHJE.OJ 28 °E* = ULH.
Xa5H 2= LH%% TCGAbiolinks 2 Z2 &4 2t0|E2{2|§ X|ASHX|
U= geodata = YHHHQ HIO|HO| HE8Y = JUEF RE AF Fust
0|},

preprocessing the data

2 MZ0ICt expressionlevel AEF0| HZ = U&= 2K} outlier &
LE MAHStD SAHAE Fold2 =ESHA SiELCE

TCGAbiolinks Of| -] ZISH 4t 22 gene expression matrix 2| HX 2| 1HFO0|

function/preprocess_expression_mat.R 0 & =07t ULH.

e gnormalize(mat): quantile normalization on expression matrix and visualize in
boxplot

e log2_transform(mat):log2 transform if expresssion values are skewed from
normal

gfilter(mat, gnt.cut): quantile filtering genes with relatively low expression

T EQL Z0| expression set O A Ot expression matrix (exprs_mat) 0| All
= oA E HESIH TX| 20| EHCh M T2 oA

= geo HO|EHE O|&%t DEG &4 FE22 FISHAL

exprs_mat <- gnormalize(exprs_mat)

exprs_mat <- log2_transform(exprs_mat)
exprs_mat <- qfilter(exprs_mat)

24219 g8 HEHEN HXN=Z F& YO0l O|FO X=X LOLLAL,

i
quantile normalization

expression matrix = Zf Z0| ME SILIC| FA| gene expressionlevel 2 T QUL
o=z ZMY €2 =20 U= expressionlevel 2| B

HHCE 2[00 2 expressionlevel AF2|0 S0{& #4f= O W if2= CHA|BICE,

O|E 8ol g2 == Ues =it= MZ0OMCt expression level 2] =27t 5L X|H,

THe A

= .
O| & expression level

= 2| expression level 2| FL|&EQl Zfo] 2|ESHK| %1 gene =2

expression level &=%|0|2t Z1t7t F&dS w=Ct= ZAO|Cf

## quantile normalization on expression matrix
gnormalize <- function(mat) {
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qs
qr

for (i in 1l:ncol(mat)){
as[,1i]
qr,i]
}

gm = apply(gs, 1, mean)

gn
ult

for (i in 1:1length(qr)){
# (i1, j)th rank
# mean expression lLevel of the rank

r = qgr[i]
) gn[i] = gqm[r]

matrix(ncol=ncol(mat), nrow=nrow(mat)) # sorted expression Level
matrix(ncol=ncol(mat), nrow=nrow(mat)) # rank of expression lLevel

sort(mat[,i]) # sort expression level for each sample
rank(mat[,1i]) # rank expression level for each sample

# mean expression level of same rank

dimnames(gn) <- list(rownames(mat), colnames(mat))

boxplot(gn[,1:5])
return(gn)

}

log2 transform

Microarray data 2| gene expression level 2|
L gdEtd o=z SAH test 2] 24X &
transform 2 S}0{ normal =X20| 74 =& SHC

=5l CIOIE{ 7} normal QX OfEIX|E THEHOHCH.

shapiro.test &

e pvalue 7 0.05 ECt 3™ H2tE X

SHad =2

Az et

e oo
Mo o
1l

o

>
52
n
r2
5
oQ

N
rE
o
o

AE = ottt

5f

= —
=i
EHO
H i

= TE right-skewed 2| Z%7t

normal 2EZ& 7MJSt2 2 Jog2

b.oot2 g0iA=

—

2 distribution & 12831

## Log2 transform if expresssion values are skewed from normal
log2 transform <- function(mat) {

if (length(mat[,1])>5000) {

test <- mat[sample(l:nrow(mat), 5000), 1]

} else {
test <- mat[,1]

}

normality <- shapiro.test(test)

par(mfrow=c(1,2))

if (normality$p.value > 0.05) { # if the data is normal

par(mfrow=c(1,1))

plot(sort(mat[,1]), type="b", main="'distribution of original values')

return(mat)

matrix(ncol=ncol(mat), nrow=nrow(mat)) # quantile normalization res

distribution 2 12i&Z1t A0
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}

plot(sort(mat[,1]), type="b", main="'distribution of original values')
mat <- log2(mat)

plot(sort(mat[,1]), type="b", main='distribution after log transform')
par(mfrow=c(1,1))
return(mat)

}

quantile filtering

t= o ME O AT expressionlevel O] 0§ M2 gene O] 2
= =40 Fel0|sHA] o SEQt Ads sl 9
average gene expression level O] € S}2| 25%0 &£5t= gene &
2M0| &M o =M 2 | est= ZO|LCH
# quantile filtering genes with relatively Low expression
gfilter <- function (mat, gnt.cut = 0.25) {
GeneThresh <- as.numeric(quantile(rowMeans(mat), gnt.cut))
geneFiltered <- which(rowMeans(mat) > GeneThresh)

mat_Filt <- mat[geneFiltered, ]
return(mat_Filt)

}

Finding DEGs

TCGAbiolinks L GEO2R 2 DEG & X7| Y& ZRL YHEO R exprs_mat,
gene_info (=fData(expression_set) or rowData(expression_set)), annot_data
(=pData(expression_set) or colData(expression_set)) = X1 U= ZR0| DEG
=45 ot= YE2 Hole SFO| Mt A 2 7bX[2 L L.

e RNA-Seq count data: edgeR L§7|X| AtE

e  Microarray data 2| relative expression level: limma I{ 7| X| Al&

N

o] 410 M2 XY =ME &+2 70| /functions/dea.R Of

O RALF.

of

analyze DEG(grpl, grp2, filtering, download_path) : Microarry data off CHdsH

270 282t DEG =&

e analyze DEG2(grps, filtering, download_path) : Microarry data Off CHSH Of2{

W A&7t DEG =% (grps <- list('grpl' = grpl, 'grp2' = grp2, 'grp3’
= grp3 ) 1f &0[ o)
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e analyze DEG_cnt(grpl, grp2, filtering, download_path):IUVA-Seq.QJ count
7t DEG =&

data Of CH3H 271 &

A g0 A& OAIE EAL 2] 7 O&<Z DEG S

analyze DEG2 &f2| AL OfA[2] Z

source("../functions/dea.R")

FEots

87 380A 2HEY|Z ShCf.

AB1 R <- AB1_Filt[, seq(1, ncol(AB1_Filt), by=2)]
AB1_NR <- AB1_Filt[, seq(2, ncol(AB1_Filt), by=2)]
res_filt_upl <- analyze DEG_cnt(AB1_R, AB1_NR,

## Disp = ©0.10439 , BCV = 0.3231

res_filt downl <- analyze_DEG_cnt(AB1_R, AB1_NR,

## Disp = 0.10439 , BCV = 0.3231
head(res_filt upl, 10)

## logFC logCPM
#i#

## Tptl-ps5 4.647967 3.5673318
## Rpsll-ps3 4.960140 1.3504531
## Lcn2 3.894966 4.9180481
## Gm15056 3.755328 5.4481528
## Rpl27-psl 4.713970 0.7153889
## Rpl36-ps2 4.122101 1.3215682
## Pdcdllg2 3.277930 5.1652066
## Gm2225 3.399671 2.6806590
## Gm3076 4.440987 0.2619333

head(res_filt downl, 10)

H## logFC logCPM
## Krt77

## Gm8623

## Gm5879

#i#

## Krtap3-2

## Krt33b -4.777194 4.420790
## Gm11937 -5.030472 2.977936
## Krt33a -4.599164 5.033335
## Krt34 -4.500810 4.953944
## Krt31 -4.487836 4.294202

PValue

Rpl36a-ps3 6.776259 3.1668831 1.269852e-132

4.371627e-89
9.041029e-75
4.200203e-73
3.232379%e-69
2.398134e-62
2.800764e-60
2.369808e-55
1.599887e-53
7.353458e-52

PValue

2.616557e-96
7.419042e-95
9.030293e-93
1.106058e-89
1.216148e-87

"logFC > 1 & FDR < ©.01")

FDR
3.535267e-128
1.106419e-85
8.390075e-72
3.340961e-70
2.249736e-66
1.236371e-59
1.392380e-57
9.425065e-53
5.498872e-51
2.201293e-49

FDR

-8.193637 2.119829 1.272916e-126 1.771900e-122
-7.211263 2.349354 2.608129e-123 2.420344e-119
-5.457276 3.661994 1.408424e-110 9.802634e-107
Rpl31-ps13 -5.751612 2.601681 4.600136e-106 2.561356e-102
-5.113961 3.381023 6.311631e-100

2.928597e-96
1.040642e-92
2.581827e-91
2.793371e-89
3.079266e-86
2.821463e-84

"logFC < -1 & FDR < 0.01")

42 DEGE 257 gene 2

SN Qo+Fe HD, 05
-1 (o]

filtering 2| It2tO/E{Q| Z
adj.P.Val = FDRO| 0.05 &= 0.01 O/t 2
E5t= gene & logFC>1 2l A2 Up-regulated £, logFC < -

o

75



regulated 2 &=Ch O[QF 2SIl & 7HX| 7olgt & Ho| UL FHH
M2 449 g0 #4422 ZE AE OA| (EXAMPLE)S 2 QISHAY,

1.“logFC >1 & FDR<0.01"2} Z0| ZHEZ HMZIHE ZM EXIEE S L]
AEZAE HHY AKX RES FOSH0F SHCf,
2. Microarray data O X-&5t= 9|2 & &2 4% FDR Ci4l adj.P.val & MOf

StLCE. ex) “logFC > 1 & adj.P.Val < 0.01”

EESH Up-regulation I Down-regulation 2| 7|E0| E|= dataset & grp1 O|,
grp2 = HZF0| &|= dataset O[CF.

## DEG analysis

analyze DEG <- function(grpl, grp2, filtering, download path=NULL) {
## DEG analysis for expression level matrices
## EXAMPLES :
## res_filt <- analyze DEG(up, down, "adj.P.Val < 0.65 & LogFC>=1")

## res_filt <- analyze DEG(up, down, "adj.P.Val < ©.05 & abs(lLogFC)>=1")
## res_filt <- analyze DEG(up, down, "adj.P.Val < ©.05 & logFC>=1", "../r

esults/gselllll CD274 up _down-adjpval@ _65-LogFCl.csv")
library(limma)
grp_names <- c(deparse(substitute(grpl)), deparse(substitute(grp2)))
grp <- c(rep(grp_names[1], ncol(grpl)), rep(grp_names[2], ncol(grp2)))
design <- model.matrix(~grp+0)
colnames(design) <- grp_names

data <- cbind(grpl, grp2)

fit <- lmFit(data,design)

X <- paste(grp_names[2], grp_names[1], sep="-")
cont <- makeContrasts(contrasts=x,levels=design)

fit.cont <- contrasts.fit(fit,cont)

fit.cont2 <- eBayes(fit.cont)

res <- topTable(fit.cont2,number=Inf)

res filt <- subset(res, eval(parse(text=filtering)))

if (!is.null(download path))
write.csv(res_filt, download_path)
return(res_filt)

}

analyze_DEG2 <- function(grps, filtering, download_path=NULL) {
## DEG analysis on several groups with order
## Ex) grps <- List('low'=Low, 'medium'=medium, 'high'=high)
## EXAMPLES :
## res filt <- analyze DEG2(grps, "adj.P.Val < ©.05 & LogFC>=1")
## res_filt <- analyze DEG2(grps, "adj.P.Val < ©.05 & abs(logFC)>=1")
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## res_filt <- analyze DEG2(grps, "adj.P.Val < ©.05 & logFC>=1", "../resu

Lts/gsell111 CD274 up down-adjpval® 65-LogFCl.csv")

}

library(limma)
n <- length(grps)
grp_names <- names(grps)
grp <- c()
data <- matrix(nrow=nrow(grps[[1]]), ncol=0)
for (i in 1:n) {
grp <- c(grp, rep(grp_names[i], ncol(grps[[i]])))
data <- cbind(data, grps[[i]])
¥
design <- model.matrix(~grp+0)
colnames(design) <- grp_names

fit <- lmFit(data,design)
X <- paste(grp_names[1l:n-1], grp_names[2:n], sep="'-")
cont <- makeContrasts(contrasts=x,levels=design)

fit.cont <- contrasts.fit(fit,cont)
fit.cont2 <- eBayes(fit.cont)
res <- topTable(fit.cont2,number=Inf)

res_filt <- subset(res, eval(parse(text=filtering)))
if (!is.null(download_path))

write.csv(res_filt, download_path)
return(res_filt)

analyze DEG cnt <- function(grpl, grp2, filtering, download path=NULL) {

## DEG analysis for count matrices

## EXAMPLES :

## res filt <- analyze DEG cnt(up, down, "logFC > 1 & FDR < 0.01")

## res_filt <- analyze DEG cnt(up, down, "logFC < -1 & FDR < 0.01")

## res_filt <- analyze DEG cnt(up, down, "logFC < -1 & FDR < ©.01", "../r

esults/gselllll CD274 up down-adjpval@ 65-LogFCl.csv")

")

}

library(edgeR)
grp_names <- c(deparse(substitute(grpl)), deparse(substitute(grp2)))
grp <- c(rep(grp_names[1], ncol(grpl)), rep(grp_names[2], ncol(grp2)))

data <- DGEList(counts=cbind(grpl, grp2),group=factor(grp))
cDisp <- estimateCommonDisp(data, verbose=T)

res <- exactTest(cDisp, pair=c(1,2))

res_sort <- topTags(res, n = Inf, adjust.method = "BH

, sort.by = "PValue
res_filt <- subset(res_sort$table, eval(parse(text=paste@(filtering))))
if (!is.null(download path))

write.csv(res_filt, download_path)
return(res_filt)
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Functional enrichment

DEGE &1 LI 3T gene 50| O] IF&=S Sl=X| a5< ZAO|Ct DEGs set S

biological role 2 ZOFE7| 23] GO == KEGG functional enrichment analysis &
= ) e

e  Gene Ontology (GO)= Biological Processes (BP), Cellular components (CC), and
molecular functions (MF)2t #0| 3 7IX| #+2& 24F JHEICE

¢  Kyoto Encyclopedia of Genes and Genomes (KEGG)= CEt¥$H pathway (0 &
=, signaling pathways, metabolic pathways )& ¢t O|O|EHH|O[AE
Tt QUCH XMBt HE &= http://www.genome.jp/kegg/S E D SHAL,

Enrichment analysis & 32 DAVID (http://David.ncifcrf.gov/home.jsp/)& &5l
Zshstn Ao o

I_

| 0|2 [0} R EQE Barplot 2 ZICt oHH SE|Qto =
HIAME UHE0{F= Metascape & UL

=
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http://www.genome.jp/kegg/
http://david.ncifcrf.gov/home.jsp/

DAVID

DAVID Of/A{ functional enrichment analysis

DAVID Bioinformatics Resources 6.8

Laboratory of Human Retrovirology and Immunoinformatics (LHRI)

Home = Start Analysis

Shortcut to DAVID Tools

B~ Functional Annotation

Gene-annotation enrichment analysis, functional
annotation cluste BioCarta & KEGG pathway
mapping, gene-disease association, homologue

match, ID translation, literature match and more

B~ Gene Functional Classification

Provide a rapid means to reduce large lists of
nto functionally related groups of genes to
nravel the biologic:

high throughput technologies.

B~ Gene ID Conversion

Convert list of gene 1D/a sions to others

your choice with the most comprehe:

1D mapping repository. The ambiguor

accessions in the list can also be determined
mi-automatically. M

B Gene Name Batch Viewer

Display gene names for a given gene list
functionally related genes within your I
in your list; Deep links to enriched de
information. More

Hot Links

> M caifor papers »

Submit papers for a Speci
Mediated Innate Immune Respon:
International Journal of Molecular

B~ DAVID Forum
Forum for DAVID users to ask questions, suggest
new functions and help other users by answering

their questions.

B FAQ

Frequently Asked Questions

B~ LHRI Publications

Publicatione e laboratory o

DAVID main

Shortcut to DAVID Tools = Techni

| Center | D loads & APIs = Term of Service

Why DAVID? = About Us

Recommending: A paper published in Nature Protocols describes step-by-step procedure to
use DAVID!

Welcome to DAVID 6.8

\ | [Search
2003 - 2020 What's Important in DAVID?

The Database for Annotation, Visualization and e Cite DAVID

Integrated Discovery (DAVID ) v6.8 comprises a ¢ |Ds of Affy Exon and Gene arrays

full Knowledgebase update to the sixth version of supported

our original web-accessible programs. DAVID now * Novel Classification Algorithms

provides a comprehensive set of functional ® Pre-built Affymetrix and lllumina

annotation tools for investigators to understand backgrounds

biological meaning behind large list of genes. For ® User's customized gene background

any given gene list, DAVID tools are able to: ® Enhanced calculating_speed

Statistics of DAVID

& Identify enriched biological themes,
particularly GO terms

& Discover enriched functional-related gene
groups

& Cluster redundant annotation terms

& Visualize genes on BioCarta & KEGG
pathway maps

& Display related many-genes-to-many-terms
on 2-D view.

& Search for other functionally related genes
not in the list

& List interacting proteins

& Explore aene names in batch

DAVID Citations (2003-2019)
5531

5 -lllIIII|“|||||

030405060708091011121314151617 1819

DAVID (http://David.ncifcrf.gov/home.jsp/)&= GO 2 KEGG analysis 25 7t5%t
2 ALO| E 0|},


http://david.ncifcrf.gov/home.jsp/

Home I Start Analysisl Shortcut to DAVID Tools ‘ Technical Center | Downloads & APIs | Term of Service l About DAVID | About LHRI |
—

List Background

Analysis Wizard

Upload Gene List

Tell us how you like the tool
Contact us for questions

m Step 1. Submit your gene list through left panel.
Step 1: Enter Gene List

An example:

Copy/paste IDs to "box A" -> Select Identifier as "Affy_ID" -> List Type as "Gene List" -> Click "Submit" button

1007_s_at
1053_at
117_at
121_at
1255_g_at
1294_at
1316_at
1320_at
1405_i_at
Step 2: Select Identifier 14371_at
1487 _at
1494_f at
Step 2a: Select species 1598_g_at

Homo sapiens

Step 3: List Type
Gene List O
Background @

Step 4: Submit List
Submit List

DAVID initiating enrichment analysis

HEHO| start Analysis & 220t AHE T 2E genelDE E2 T, U2
identifier 2 K|S}, species & 'Homo sapiens’2t 20| A7, List Type 2 Gene
List 2 1 submit List & 2t Fl L= HO|X|0A Functional

Annotation Tool = S EZ6}H Ct31} £ 2 AEE 2 = UL
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Annotation Summary Results

Current Gene List: List_1 4 DAVID IDs
Current Background: Homo sapiens Check Defaults

Disease (1 selected)
Functional__Categories (2 selected)
Gene_Ontology (3 selected)
General_Annotations (0 selected)
Literature (0 selected)
Main_Accessions (0 selected)
Pathways (1 selected)
Protein_Domains (3 selected)
Protein_Interactions (0 selected)
Tissue_Expression (0 selected)

==*Red annotation categories dencte DAVID defined defaults™==

Combined View for Selected Annotation

Functional Annotation Clustering

Functional Annotation Chart

Functional Annotation Table

Functional Annotation Tool

Z2t2t2 extend Sl Gene_Ontology S+ Pathways > KEGG pathway 0 [HE

Holgh 4= QUCH BRI HAIE Wt gIEQl 2EZRO
x

IH A &S Z annotation table 0] E&ICt O|E CIRES

ot

annotation table =

OF

=
Q= chart & 28

ALY
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Annotation Summary Results

Current Gene List: List_1
Current Background: Homo sapiens

E Disease (1 selected)

B Functional_Categories (3 selected)
B Gene_0Ontology (3 selected)

336 DAVID IDs

Check Defaults

Help and Tool Manual

Clear All

"] GOTERM_BP 1 91.1% 306 | Chart
| GOTERM_BP_2 90.8% 305 | Chart
| GoTERM_BP_3 90.2% 303 | Chart |
| GOTERM_BP_4 87.2% 293 | Chart |
| GoTerm_sP_s 85.79% 288 | Chart
" | GoTERM_BP_ALL 91.1% 306 | Chart
GOTERM_BP_DIRECT 91.1% 306 | Chart |
" | GOTERM_BP_FAT 89.9% 302 | Chart |
"] GOTERM_cC_1 96.1% 323 | Chart
| GoTERM_CC_2 96.1% 323 | Chart

| coTERM_cC_3 96.1% 323 | Chart
| GoTermM_cc_a 92.3% 310 | Chart

| GoTermM_cc_s 86.00% 289 | Chart

" | GOTERM_cC_ALL 96.1% 323 | Chart
GOTERM_CC_DIRECT 96.1% 323 | Chart |
" | GOTERM_CC_FAT 85.4% 287 | Chart |
_ | GOTERM_MF_1 89.9% 302 | Chart
| GOTERM_MF_2 89.3% 300 | Chart
| GoTERM_MF_3 81.5% 274 | Chart |
| GOTERM_MF_a 79.5% 267 | Chart

| GOTERM_MF_5 67.0% 225 | Chart
"] GOTERM_MF_ALL 89.9% 302 | Chart
GOTERM_MF_DIRECT 89.9% 302 | Chart

_| GOTERM_MF_FAT " 84.5% 284 | Chart

922222222/ ]2/ o2 2

[ T [T WORNIRY S T S,

GO terms selection
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Functional Annotation Chart

Help and Manual
Current Gene List: List_1
Current Background: Homo sapiens
336 DAVID IDs
B Options
| Rerun Using Options || Create Sublist
90 chart records B Download File
Category = c Genes | Count: % + P-Value: Benjaminis
[ GOTERM_BP_DIRECT digestion RI @@ 19 57 33617 50614
a GOTERM_BP_DIRECT  oxidation-reduction process RI mmm 35 10.4 3.1E9 2.3E6
& GOTERM_BP_DIRECT  xenoblotic metabolic process Rl & 11 3.3 14E-6 7.2€-4
[ ] GOTERM_BP_DIRECT steroid metabolic process RT = 8 24 1.1E5 4.263
[ GOTERM_BP_DIRECT  creatine metabolic process RT & 5 1.5 32E5 9.6E-3
[ ] GOTERM_BP_DIRECT cellular response to zinc lon RT & 5 15 3364 7.262
| GOTERM_BP_DIRECT  pegative regulation of growth RI & 5 1.5 3364 7.26-2
L) GOTERM_BP_DIRECT  glutathione metabolic process RT = 7 21 5.2E-4 9.8E-2
GOTERM_BP_DIRECT  cellular aldeh lic process RI & 4 1.2 8.8E-4 1.5E-1
| GOTERM_BP_DIRECT ethanol oxidation RI & 4 12 1263 1.6E-1
GOTERM_BP_DIRECT  antibacterial humoral response RI & 6 1.8 1263 1.6E-1
(] GOTERM_BP_DIRECT killing of cells of other organism RI & 4 1.2 1963 2361
[ GOTERM_BP_DIRECT gellular response to cadmium lon RI & 4 12 33E3 3.961
[} GOTERM_BP_DIRECT  metabolic process RT w 10 3.0 3663 3961
O GOTERM_BP_DIRECT  excretion RT & 5 1.5 4.4E-3  4.2€-1
| GOTERM_BP_DIRECT gastric acid secretion RT & 3 09 4763 4261
| GOTERM BP DIRECT  oroteolvsis RT 19 5.7 4.7E-3 4.2E-1
GO result
B Literature (0 selected)
B Main_Accessions (0 selected)
B Pathways (3 selected)
BBID 1.8% 6 Chart |
BIOCARTA 11.3% 38 | Chart | —
[ Ec_NUMBER 35.1% 118 | Chart | ——
KEGG_PATHWAY 50.6% 170 | Chart
(| REACTOME_PATHWAY 59.2% 199 Chart

B Protein_Domains (3 selected)
B Protein_Interactions (0 selected)
Tissue_Expression (0 selected)

Pathway terms selection



Functional Annotation Chart

Help and Manual
Current Gene List: List_1
Current Background: Homo sapiens
336 DAVID IDs
B Options
Rerun Using Options || Create Sublist
19 chart records Bl Download File

Sublist

KEGG_PATHWAY Metabolism of iotics by cytochrome P4S0 BT = 16 4.8 2.0E-10 3.4E-8
KEGG_PATHWAY Chemical carcinogenesis Bl = 14 4.2 5.6E-8 4.1E-6
KEGG_PATHWAY Drug_metabolism - cytochrome P450 RI = 13 39 7.2E-8 4.1E-6
KEGG_PATHWAY Gastric acid secretion Rl = 10 3.0 6.6E-5 2.8E-3
KEGG_PATHWAY Retingl metabeolism RT & 9 2.7 1.5E-4 5.2E-3
KEGG_PATHWAY Metabolic pathways BT 49 14.6  3.5E-4 1.0E-2
KEGG_PATHWAY Protein digestion and absorption RI ; 9 2.7 1.4E-3 3.3E-2
KEGG_PATHWAY Mineral absorption Rl = 6 1.8 4.2E-3 9.0E-2
KEGG_PATHWAY Glycolysis / Gluconeogenesis BRI = 7 21 5.8E-3 1.1E-1
KEGG_PATHWAY Pancreatic secretion RT = 8 2.4 7.76-3 1.26-1
KEGG_PATHWAY Glutathione metabolism RT = [ 1.8 8.0E-3 1.2E-1
KEGG_PATHWAY Tyrosine metabolism BRI =& = 1.5 1.0E-2 1.4E-1
KEGG_PATHWAY Arginine and proline metabolism RT & 5 1.5 3.4E-2 4.4E-1
KEGG_PATHWAY Eructose and boli RT & 4 1.2 4.3E-2 5.2E-1
KEGG_PATHWAY Pentose and glucuronate interconversions RT & 4 1.2 4.6E-2 5.3E-1
KEGG_PATHWAY Steroid hormone biosynthesis RI = 5 1.5 5.4E-2 5.7E-1
KEGG_PATHWAY Nitrogen metabolism RI & 3 0.9 6.4E-2 6.4E-1
KEGG_PATHWAY PPAR signaling_pathway BRI = s 1.5 8.2E-2 7.56-1
KEGG_PATHWAY Eatty acid degradation RI & 4 1.2 8.3E-2 7.56-1
KEGG pathway result

Visualization in R

MESH HAE THU2 ROIM A0{Qt barplot 22 2= Of A O|Ct,
enrich_term 22 20| mt2Oo| O|E21} bar Q| 7HE cnt & Ad= CHE K| ™A

AbgSHE gt

colorRampPalette(c("color A", “color B"))= color A £E color B 77t X|
et ol HE deldh=s &40|Ct RdtE F color2 YEHSIO ME THE

colfunc &0 cnt & OFFHEZ HOM™ cnt /|59 Z2{7l FHEICEH ex)
colfunc(cnt)

enrich_term <- read.table("./data/ch2-DAVID output.txt", header=T, sep = "
\tll)
cnt <- 10

colfunc <- colorRampPalette(c("darkgoldenrodl”, "lemonchiffon"))
par(mar=c(4,19,4,0))
barplot(-loglo(enrich_term$PValue[l:cnt]), names = enrich_term$Term[1l:cn
tl,

horiz = T, las=1, # horizontal barplot

xlab = "-logl@(PValue)", xlim = c(@, max(-logl@(enrich_term$PValue
[1:10]))+1),
col = colfunc(cnt), main = "GO BP terms")

84



GO BP terms

GO:0000165~MAPK cascade [ 1
eqgulation of cellular amino acid metabolic process [ |
-promoting complex-dependent catabolic process [ ]
\-protein ligase activity involved in mitoticcellcycle T—— 1
; peptide antigen via MHC class |, TAP-dependent [ ]

par(mar=c(5.1, 4.1, 4.1, 2.1))

Metascape

EREE - SOEESEES
SESSE=EEE

Step @ Upload File Format
Single List:
Xis/xlsx & csvd, txtd,
Multiple List:

Or paste a gene list s/xisxd, csvd txtd

TSPANG Test Upload

TNMD single list

DFH 3 Sf;s:ne lists

SCYL3 g

C1orf112 o Test Identifiers

Gene Symbol

| suwm | Gancel RefSeq

Your id type: Gene Synonym . Entrez Gene ID
Step € Optional if you only consider human species in your study.

Input as species: ‘ H. sapiens (5) v |

Analysis as species: H. sapiens (5) v

Step 0 Express Analysis | Custom Analysis

enrichiment analysis with Metascape
Metascape (https://metascape.org/gp/index.html#/main/step1) SA| functional
enrichment analysis € ?|2t BAO|EO|Ct ALEHIH 2 DAVID 2F FAHSHH, gene

annotation 0t OFL|2} PPInetwork & T3S0 A A ZSHCY,


https://metascape.org/gp/index.html#/main/step1

-logl10(P)

GSE138224 upregulated genes annotation1

R-MMU-6798695: Neutrophil degranulation

GO:0008154: actin polymerization or depolymenzation
R-MMU-1236975: Antigen processing-Cross presentation
R-MMU-8953854: Metabolism of RNA

GO:0002713: negative regulation of B cell mediated i ity
GO:0008626: granzy diated apoptotic signaling pathway
R-MMU-913531: Interferon Signaling

GO:0006906: vesicle fusion

G0:0051186: cofactor metabolic process

ko05140: Leishmaniasis

GO0:0071346: cellular response to interferon-gamma
G0:0016197: endosomal transport

G0:1990266: neutrophil migration

GO0:0001558: regulation of cell growth

GO:0006457: protein folding

G0:0042098: T cell proliferation

GO:0030003: cellular cation h stasi

G0:0031532: actin cytoskeleton reorganization

ko04144: Endocytosis

G0:0033627: cell adhesion mediated by integrin

GO0:0048518

3
-log10(P)

GSE138224 upregulated genes annotation2

G0:0071840:
GO:0002376:
GO0:0023052:
G0:0009987:
GO0:0051179:
GO0:0008152:
GO0:0040011:
GO0:0040007:
G0:0050789:
GO0:0008283:
GO0:0050896:
GO:0065007:
G0:0048519:
G0:0022610:
GO:0051704:
GO:0001906:
G0:0032501:

cellular component organization or biogenesis
immune system process

signaling

cellular process

localization

metabolic process

locomotion

regulation of biological process

cell proliferation

response to stimulus

biological regulation

negative regulation of biological process
biological adhesion

multi-organism process

cell killing

multicellular organismal process

: positive regulation of biological process
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Network of enriched terms

» Metascape

W Neutrophil degranulation
M actin polymerization or depolymerization
M Antigen processing-Cross presentation
W Metabolism of RNA
W negative regulation of B cell mediated immunity Q
granzyme-mediated apoptotic signaling pathway
M Interferon Signaling
vesicle fusion
I cofactor metabolic process
Leishmaniasis
cellular response to interferon-gamma
endosomal transport
M neutrophil migration
Wi regulation of cell growth
protein folding
T cell proliferation
cellular cation homeostasis
actin cytoskeleton reorganization
W Endocytosis
cell adhesion mediated by integrin

http://metascape.org/gp/Content/CyJS/index.html?session_id=tqyb
1acw3&Network=GONetwork&Style=ColorByCluster#/ (o)

GSE138224 upregulated genes annotation3

OlLilrb4a

OPsmd13

PPI networks @Fme

* Metascape OPsmai
+ databases: BioGrid
GO Description  Log10(P)

R-MMU-983705 Signaling by -7.6
the B Cell Re OVps29 OAPC3 OPrdx4
ceptor (BCR)

ko03050 Proteasome -7.1

mmuQ3050 Proteasome -7.1

OPtpn6

Dok

OPsmb9

OAnkfy1 QActr2 QPpib

QcCyfip1  QStx12—()Snap29

Pathway and process enrichment analysis applied

to each component => the three best-scoring terms QFermt3
by p-value have been retained as the functional
description of the corresponding components OkLsgt—QDcaf13

http://metascape.org/gp/Content/Cy)S/index.html?session_id=tqyb the subset of proteins that form physical interactions

1acw3&Network=MyList_PPIColorByCluster&Style=PPIColorByClust with at least one other member in the list
erNolLabel &isPPl=True#/

GSE138224 upregulated genes annotation4

Network analysis

Protein-Protein Interaction network

Ct22 Protein-Protein Interaction network Of CH®t Wikipedia 2| “32|0|LCt,

physical contacts of high specificity established between two or more protein molecules as a result of
biochemical events steered by interactions that include electrostatic forces, hydrogen bonding and the
hydrophobic effect
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PPl network & 12[7| /8t &2 Cytoscape ZE1 - String App, 12|11 &
H{ @1 STRING (https://string-db.org/)0| RUALF.

STRING (https://string-db.org/)Ol A PPInetwork € d2|= ¥ 2 CtZaF Z L

_

3. DEGslist& YUZHTICL
E——————reT
o STR'NG Search  Download Help My Data

How to use STRING 1

4. organism = 41E#GHC}

" o‘ STRI N G Search  Download  Help  MyData

Your input contains 376 lines
Please specify the organism below, then click 'Continue’ to proceed

Homo sapiens v

How to use STRING 2
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https://string-db.org/
https://string-db.org/

4, input 22 F2 gene O] 5l= protein Off OHEZ| U =X =I5t
p g p

. = =
Continue = %él ‘F’_H:|'-

o,'?j_ STR' N G Search Download Help My Data

h your input

376 query items showing page 1 of 19 - first » previous - next « last
1) ‘ADH7
v ADH
2) 'MFSDAA
7 ¢
3) 'AQP4
v A

ESRRG
v ESRRG - E

By
ESREF

5) 'MFSD4,
v
6) 'LIFR
v

How to use STRING 1
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STRING PPI network

AMEZE QI &€ PPInetwork 7} 12 ZRICH
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Clusters > @ More @ Less

© viewers > @ Legend >  %F Settings > - BB Exports >

Network Stats

number of nodes: 159 expected number of edges: 134
number of edges: 248 PPl enrichment p-value: <1.0e-16
average node degree: 3.12
avg. local clustering coefficient: 0.391

your

Functional enrichments in your network

> Biological Process (Gene Ontology)

GO-term description count in network 4 strength false discovery rate
G0:0071727 cellular response to triacyl bacterial lipopeptide 20f3 1.97 0.0174
G0:0071726 cellular response to diacyl bacterial lipopeptide 2of4 1.84 0.0220
G0:0045829 negative regulation of isotype switching 2of4 1.84 0.0220
G0O:0007253 cytoplasmic sequestering of NF-kappaB 20f5 1.74 0.0254
G0:0002890 negative regulation of immunoglobulin mediated immune r... 3of8 1.72 0.0051

(more...)
Molecular Function (Gene Ontology)

GO-term description count in network 4 strength false discovery rate
G0:0005488 binding 107 of 10884 0.13 0.0020

> Cellular Component (Gene Ontology)

GO-term description count in network 4 strength false discovery rate
GO:0034687 integrin alphal-beta2 complex 2of2 2.14 0.0062
G0:0090725 peripheral region of growth cone 20f3 1.97 0.0086
G0:0005885 Arp2/3 protein complex 30f10 1.62 0.0028
G0:0098993 anchored component of synaptic vesicle membrane 2of9 1.49 0.0295
G0:0071014 post-mRNA release spliceosomal complex 20f9 1.49 0.0295

(more ...)

STRING enrichment terms
Analysis THO|A enrichmentanalysis 218 2Q1g = QUCH

Save / Export
Biological Process (Gene Ontology) download 783 GO-terms significantly enriched; file-format: tab-delimited
Molecular Function (Gene Ontology) download  one single GO-term is enriched; file-format: tab-delimited
Cellular Component (Gene Ontology) download 42 GO-terms significantly enriched:; file-format: tab-delimited
Reference publications (PubMed) download 4307 publications significantly enriched; file-format: tab-delimited
local network cluster (STRING) download 8 clusters significantly enriched; file-format: tab-delimited
KEGG Pathways download 9 pathways significantly enriched: file-format: tab-delimited
Reactome Pathways download 33 pathways significantly enriched; file-format: tab-delimited
Annotated Keywords (UniProt) download 76 keywords significantly enriched:; file-format: tab-delimited

STRING downloadable outputs

Exports HO|A Ct2#ES 4+ U= LhEe| 2[AEO|CH
Visualization

heatmap of DEGs

£ heatmap 22 12 MZ CtE E9| expression level
= QUCELR YA heatmap &+E O|23ix= I|X|TH CHtE o
= MeV 2ts ZETZ 0|8dt{ 1 ot

expression level matrix
XIO|E MZ=z 'Y
OB = gA a2z
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MeV

MeV & L 22| expressionlevel matrix & heatmap S J2{F

https://sourceforge.net/projects/mev-tm4/HA| Mev ZE2E1YZ CI2ES

MevV T2 Z 1 HEHO| File > Load Data & = 2/0}H expression matrix
HOIHE Y=EY = Us HO| EO

O
X

“& Expression File Loader -
File

A,’
Lluslenng

A
{ SelectFile Loader Help

File (Tab Delimited Multiple Sample (*.*))

Miscellaneous

atwork

2% i | select
. Original Data . expression JC WUser sifwem infiDocument sYR-proj ect sUMCM_R_Bioinformat icsWiSE138224WeV_input . txt Browse
data file

[r] Cluster Manager

[T Analysis Results

[&] Script Manager
o & History

Selected file§ #User sifhyen infilocument sR-prroj ect SHMCM_R_Bioinf ormat i cSWGSE1382249MeY_input . txt

) Two-color Array @ Single-color Array

Load Annotation Data

@ Automatically download (_ Load from local file Load Annotation

Mus musculus |v Please choose an array and species name.

Choose an array | -

Expression Table

X cr1 [ o2 | cr3 [ iRFA iRFA 2 | IRFA3
Zrnb2 34852542 (34294177 40140149, 39727882 39880365 3.8744025.
Lrrig3 -1.7032195..-2.1606208... -1.79330677 -1.6990914.._ -1.4989940... -1.7508338.
Dnase2h 56145800 -16.609640 16609640 16 60954016 603540 _-16 609640
Adgri2 3.4910800... | 3.5801189... 1.5370425.. 12293910, 15650102, 1.4340917..
Rpf1 2.3264309... 2.3765876... 3.7711312.. 3.8899777.. 3.9337775... 3.7998405.
Uax -48732385._-4 1374573 -16.609640 _|-5.5949225 -5 4087418 _ -16 609640
ctos 1.8721550... | 1.9074137... 2.1887648... 19161173... 17674429, 2.0839860..
Spalal  0.1076477.. -0.6168791..0.1781600... 0.3161953... 0.0898777... -0.2542205... -
4] [*]

Click the upper-leftmost expression value. Click the Load button to finish.

R ? M eVo ﬁ'ﬁ?"eﬁmem Cancel Load

MultiExperiment Viewer

MeV loading data

Z0o| oz LTIt AEE|D header 7t U= A9 expression data

i X Ctr_1 ctr_2 Ctr_3 iRFA_1 iRFA_2 iRFA_3

## 1 Zranb2 3.485254 3.429418 4.014915 3.972788 3.988037 3.87440
i# 2 Lrrig3 -1.703220 -2.160621 -1.793307 -1.699091 -1.498994 -1.7508
i: 3 Dnase2b -5.614580 -16.609640 -16.609640 -16.609640 -16.609640 -16.6096
iﬁ 4 Adgrl2 3.491980 3.580119 1.537043 1.229391 1.555919  1.43409
i# 5  Rpfl 2.326431 2.376588 3.771131 3.889978 3.933778 3.79984
i# 6 Uox -4.873239 -4.137457 -16.609640 -5.594923 -5.408742 -16.6096
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2|1 species & ATt F Of2{of| H|O|S0| & EEL(/}=X| =olg = UCE
d2{ LtM Load & 2 EISIH CHT 29| expression level matrix 2 =l heatmap =
A2 = ULt File > Save Image S S A= XA == UL
-
0.0 -1.5126989 3.0271027

— N o T ) “

| | | =L =L =L

[ [ [ L [ L

s 5 s = = =

MeV heatmap of GSE138224

Venn-diagram

o2 o /=40 il =EX2=2 DEGE H2
gene

= 0 =
Venny = R 2| VennDiagram If7|X| & &Sdf HICO|0| 182 OF £+ UCL
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B Style:[Solid White ~| EShow % Line: -| 3 |+ Font -| 28 |+ Family:[Senf  +|
C

1. Paste up to four lists. One element per row (example),
2. Click the numbers to see the results,
3. Right-click the figure to view and save it

(actual size in pixels: 1280x1280)

UPPERCASE lowercase <cannot be undone!

List 1 0 List 2 0

o
]

clear

List 3 0 List 4 0

Results:

Thank you for using Venny! (please cite)

Venny was first inspired by this visionary tool by Chris Seidel

Venny main
Venny (https://bioinfogp.cnb.csic.es/tools/venny /)&= H™/248 Y 22 Z Gene =
dEZ PR 2AEE 2t 180 Yod 5

o
diF= HAO|EQ|L. BX|l= 9= 280

e
el
0
0L
1
=2
A
=
Ot
rir
[o)e]
[¢]
=
(¢]

list S ¥ =+ UCL

R
e venn.diagram &S O|&50 *tiff 2 K&

### Venn diagram for DEG list
library(VennDiagram)

## Warning: package 'VennDiagram' was built under R version 4.0.3
## Loading required package: grid
## Loading required package: futile.logger

ups <- list(AB1l = rownames(res_filt_upl), RZ = rownames(res_filt_up2))
ups_list <- get.venn.partitions(ups)
venn.diagram(ups, filename="./pictures/up-regulated genes.tiff",
fill=c(1:2), alpha = rep(0.5,2), # transparency
main = "Up-regulated genes : PD-L1 R vs. NR")

## [1] 1

ups_list[1, "..values.."] # common genes
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#$ 1

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
HH
##
##

[1]
[5]
[9]
[13]
[17]
[21]
[25]
[29]
[33]
[37]
[41]
[45]
[49]
[53]
[57]
[61]
[65]
[69]
[73]
[77]
[81]
[85]
[89]
[93]
[97]
[101]

"Gm15056"
"Gm3756"
"Klrcl"
"AW112010"
"Gm8451"
"Pdcd1™
"Gml6213"
"Trbv31"
"Tmeml63"

"D630039A03Rik"

"Gm38247"
"Gm12791"
IIC6II

"0lfr753-psi1”

"Gm20497"
"Chil3"
"Art2a-ps"
"Gm44174"
"Cxclie"
"Vhl-ps1"
"Il1e"
"Gm20513"

"Igkv14-111"

"Gm16242"
"Trbj2-4"
"Trav8n-2"

Up-regulated genes : PD-L1 R vs. NR

"Gm18853"
"Tlr12"
"Gm5526"
"Ly6i"
"Gm19585"
"Tbx21"
"Gzmk"
"Muc20"
"Gm17767"
"Rgs8"
"Serpina3g"
"Ubd"
"Gbp1o"
"Gm28068"
"Chrm3"
"Gm12250"
"Trbv17"
"Art2b"
"Trav7d-4"
"Travlén"

"RP23-313P23.

"Travl2-3"
"Gm38346"
"Trav9-4"
"Igkv10-96"

"Dnasell3"” "Acod1l"
"RP24-499N24.4" "Cd8a"
"Klrc2" "Cdsb1"
"Idol" "Fam26f"
"Nkg7" "Klrc3™
"Gbp4™ "Sh2d2a"
"9130208D14Rik" "Ccl4"
"Crtam" "I127"
"Fasl" "Gbp11l"
"Cxcl9" "Trbv29"
"Ttk" "Fam71b"
"Lt "Slcl7a6"
"Cxclil" "Gm15433"
"Wdros5" "0lfro2"
"Gbp6" "Gbp2b™
"Gm43302" "Trav7-3"
"Pla2g2d" "Lag3"
"Trbv15" "Tgtpl"
"Tgtp2" "Cxcré6"
"Trav7-4" "RP23-114B10.
"Jchain" "Nrxn3"
"Gm44175" "Igkv8-30"
"Trav7n-4" "Igkv5-39"
"Travl2-1" "Gm20429"
"Gm156" "Igkv2-109"

Up-regulated genes in two experiments

draw.pairwise.venn

—
StAE
aoT =

### Venn diagram for DEG lList

library(VennDiagram)

O| &3t *tiff 2 X FSHX|

=
=

ups <- list(AB1l = rownames(res_filt upl), RZ = rownames(res_filt up2))

ups_list <- get.venn.partitions(ups)



grid.newpage()
draw.pairwise.venn(areal = ups_list$..count..[3]+ups_list$..count..[2],
area2 = ups_list$..count..[1]+ups_list$..count..[2],
cross.area = ups_list$..count..[2],

category = c("AB1", "RZ"),

fill = c("light blue", "pink"),

1ty = "blank",

alpha = rep(0.5, 2),

cat.pos = c(9,0), # category Label position
cat.dist = c(0,0)) # category Label distance from circle

1430

73

101

## (polygon[GRID.polygon.201], polygon[GRID.polygon.202], polygon[GRID.pol
ygon.203], polygon[GRID.polygon.204], text[GRID.text.205], text[GRID.text.
206], text[GRID.text.207], lines[GRID.lines.208], text[GRID.text.209], tex
t[GRID.text.210])

ups_list[1,

## $ 1

##
##
##
##
##
##
##
##
##
##
##
##
##
##

[1]

[5]

[9]
[13]
[17]
[21]
[25]
[29]
[33]
[37]
[41]
[45]
[49]
[53]

..values.."]

"Gm15056" "Gm18853"
"Gm3756" "Tlr12"
"Klrc1l" "Gm5526"
"AW112010" "Ly6i"
"Gm8451" "Gm19585"
"Pdcd1l" "Tbx21"
"Gm16213" "Gzmk"
"Trbv31l" "Muc20"
"Tmeml63" "Gm17767"
"D630039AB3Rik" "Rgs8"
"Gm38247" "Serpina3g"
"Gm12791" "Ubd"
"Ce" "Gbplo"
"01fr753-psl" "Gm28068"

# common up-regulated genes

"Dnasell3™ "Acod1"
"RP24-499N24.4" "Cd8a"
"Klrc2" "Cdsb1"
"Idol" "Fam26f"
"Nkg7" "Klrc3"
"Gbp4™" "Sh2d2a"
"9130208D14Rik" "Ccl4™
"Crtam" "I127"
"Fasl" "Gbp11l"
"Cxcl9" "Trbv29"
"Itk" "Fam71b"
"Ltf" "Slcl7a6"
"Cxcli1™ "Gm15433"
"Wdro5" "01lfr92"
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##
##
##
##
##
##
##
##
##
##
##

[57]
[61]
[65]
[69]
[73]
[77]
[81]
[85]
[89]
[93]
[97]

## [101]

downs <-

2))

"Gm20497" “Chrm3" "Gbp6" "Gbp2b™
"Chil3" "Gm12250" "Gm43302" "Trav7-3"
"Art2a-ps" "Trbv17" "Pla2g2d" "Lag3"
"Gm44174" "Art2b" "Trbv1l5" "Tgtpl"
"Cxclie" "Trav7d-4" "Tgtp2" "Cxcré"
"Vhl-ps1™ "Travlén" "Trav7-4" "RP23-114B10.3"
"Ilie" "RP23-313P23.4" "Jchain" "Nrxn3"
"Gm20513" "Trav1l2-3" "Gm44175" "Igkv8-30"
"Igkvi4-111" "Gm38346" "Trav7n-4" "Igkv5-39"
"Gml6242" "Trav9-4" "Travl2-1" "Gm20429"
"Trbj2-4" "Igkv10-96" "Gm156" "Igkv2-109"
"Trav8n-2"

list(AB1 = rownames(res_filt_downl), RZ = rownames(res_filt_down

downs_list <- get.venn.partitions(downs)

grid.newpage()
draw.pairwise.venn(areal = downs_list$..count..[3]+downs_list$..count..

[2],

area2 = downs_list$..count..[1]+downs_list$..count..[2],
cross.area = downs_list$..count..[2],

category = c("AB1", "RZ"),

fill = c("light blue", "pink"),

lty = "blank",

alpha = rep(0.5, 2),

cat.pos = c(0,0), # category lLabel position

cat.dist = c(0,0)) # category Label distance from circle

38
AB1

RZ IF
1192

## (polygon[GRID.polygon.211], polygon[GRID.polygon.212], polygon[GRID.pol
ygon.213], polygon[GRID.polygon.214], text[GRID.text.215], text[GRID.text.
216], lines[GRID.lines.217], text[GRID.text.218], lines[GRID.lines.219], t
ext[GRID.text.220], text[GRID.text.221])
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downs_list[1,"..values.."] # common
## $1°

## [1] "Krt77" "Gml11808"

## [5] "Krtdap" "Flg2"

## [9] "Psapll” "Elovl4™

## [13] "Gm7816" "Mucl1i"

## [17] "C130079G13Rik" "Olfri111l"

Survival plot

?l g I3

dataset Ol A FHXIC| &l HEOf [E
plot 2| 7|2 JHE2 TX Kt

survival plot 2 J2|2{1

down-regulated genes

"Lor" "Krt5"
"Krt15" "Spink5"
"Gm7429" "Gm7993"
"Gm11949" "Rpl35a-ps2"

i €2 DEGs Ol CHSt clinical validation 2 /3l reference

SHC}, survival

Overall Survival

—— Low TAZ TPM
—— High TAZ TPM

Logrank p=0.016
HR(high)=1.8
p(HR)=0.017

e ...n(high)=135

n(low)=135

Percent survival

0.2

0.0
]

Months

An example survival plot

Survival plot Off CH2F Z7[2X 0l 7fE2 ChZat 2Lt Survival plot & 7

up-regulated E &1 down-regulated =

100 150

QUL

JdE°| AlZt(Months)Of| [HE HEEZS
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Huwdst= YEE B UAC

. d = ootz YR mat HYES
=

(Overall survival, 0S)1} FAHHMEZ (Disease free survival, DFS)E T =&

4
M
N
S

o 0s: ZHH TS Aldot AIFOA ORX|9 =X 2HE A|Z[7HX| 9] 7|2t

= =1 —

ot AMOIA 0|2 R, T, AYK|2| 7|2

) )

| I
=2 MFO|Lt T Glo] Opx|at F=HIF AZ|7X[e] 7|2t

—

W2 o= YHE2 xH9| AZH0| [E y =2| probability of survivals 22| F0|&
B0 HEH 7kol H{E St= AO|CH YFE AlZt0] X[H F| =2 U2 7XISt=
FTho| £E/40| gtof el £ Hg) M=o |25ttt & = UCL
survival plot 20|AQ| £0| X0|= FQoIX|2t s ZIto| EAN Qo/dS
2tH35t7| ?|8fM = Logrankp 440l 0.05 EE&= 0.01 O|2te| 7|F2 THESH=X]

2}Qlsfof BhCt,

O|X|, reference dataset 2 E /5t U= HAIO|ENAM E& ROAM &Y RSH=
HO|EHE =2{2tA survival plot 2 d2|= WHS ZZF AJ| oot
gepia

GEPIA GoPIA  Example APl  Help  About  GEPIA2 (test)

GEPIA

| Gene Expression Profiling Interactive Analysis

Single Gene Analysis

Enter gene name:

The indicators in search box are "symbol" or "alias (newest symbol)"

GoPIA!

gepia main

gepia (http://gepia.cancer-pku.cn/)= survival plot =2t OfL|2f C}fot
visualization O] 759t HALO|EL}, Reference dataset 22 LSHA MEO| F2
TCGA, 34 X} MEZ9| Z2 Genotype-Tissue Expression (GTEx,
https://gtexportal.org/home/) & AHZSICL,

UL,
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survival plot 2 J12|2{™ Cancer Type Analysis > Differential genes analysis >
Survival =2 &2 B2 ZEIot T, {SI= Gene IF &E 9| dataset & Add St
E

Plot St ECh EALO|

=]
Survival Plots
Gene Hazards Ratio (HR) Datasets Selection
ERBB2 Yes v ACC
BLCA
Input a gene symbol or id. Calculate the hazards ratio based on Cox PH BRCA
M
(optional) Jodel CESC
. FuA
Methods 95% Confidence Interval Datasets
® Overall Survival Yes v ACC

O Disease Free Survival (RFS) Add the 95% Cl as dotted line.

Group Cutoff Axis Units -

The patients are based on above cancer list.

® Median

B Months v

O Quartile

O Custom High Group Low Group

Cutoff-High(%) Cutoff-Low(%) El El

50 50
R Graphics Output 171 G ¥ &

Survival plot
= —
=2 7|s

e Survival plot O|2|0| = boxplot 52| Ct&St visualization 7Hs
o multiple genes 0 CHZ} survival plot = X[ &
o gepia2 O A Python API & X|&35}0 batch processing (2] 72| Zit=2

Ammoz H|) Its

Python API for gepia2

StEHO R graphics output 2 2 survival plot O] & & EILC},

gepia M= XS XY Mol Bt=XQl =4S E0|7] 25 Python 3 O A

20 M
0
inl

S| X|2t R It RStudio FXE 9IS python script (*.py)= RStudio O] A] AEHSH=
Hgoz A}

5. 41 CHZ AfO|Z0jAf To|¥ 3 BT S X3t

—

https://www.python.org/downloads/

.Python 3 3 %= Python terminal 2 &0l H3SIH
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SX|7h HOj2 SRR HOlsts wHe YEQ (md T W HO|YS o
cheS UBtn MK THO|M HHO| ZHEEXE BE HolTh MK}
()

CE|ACHH ST ZEVF HMAE|X| 5 ZAO|CH
python --version

6. =HIE HO|'2 HO|A gepiaapi & HX|DICE.
pip install gepia

5. RStudio %A function/gepia.py & 21 Lines 15-18 2| **output_dir (EH=2
B2 EO/U2™ AX =), dataset(¥S dataset), sigs (survival plot =
ae|7] flet XS 2&) 488 £t FHX JHEHL=Z survival
plot 2 Jd2[2{H [] 2o Zt |FHAE 2 F&510 D=Lt o fFHEAIL
SAl0| up-regulated £+ down-regulated |2 ME H|WSIH d2[2{H []
OOl 1 BtLt Of €O 1 Qo 22 O59 QEAES H=Ct ex) sigs =

[[groupl o| 7T A=), [group2 2| FTXIZ]]

output_dir = './" #../gepiaResults/survival_COAD_CAF/'

dataset = 'COAD'

sigs = ['SNCA', 'NOVA1', 'ADH1A', 'GALNT13', 'ADH1B', 'PRKCH', 'FGF13', 'TG
FBR3', 'CFD', 'ADORA1', 'ATP8B4', 'PBX1', 'AKR1C3', 'AKR1C2', 'SMPDL3A', 'T
CF21', 'ATOH8', 'GREM2', 'MASP1', 'PPARG', 'FGFR4', 'METTL7A', 'CACNB2', 'S
HC3', 'LIPG', 'CLIC6', 'TRPC6', 'PTGER2', 'SLIT3', 'ITPR3', 'ZNF536', 'IL33
', 'PF4v1l', 'ISLR', 'CYTL1', 'COL14Al', 'GALNT15', 'STK32B', 'TMEM119', 'ED
NRB', 'MOXD1', 'IL13RA2', 'S100A4', 'IMPA2', 'PLPP3', 'PTHLH', 'MMP3', 'FBN
2', 'CXCL12', 'RASSF2', 'SHISA3', 'CCL13', 'STEAP1', 'SST', 'TFPI2', 'CCLS8

', '"RSP03']

# sigs = [], ['ADH1A', 'GALNT13', 'ADH1B'], ] # for multiple genes resul

t

4. pythonconsole 2 EO0{7t7] o REZE 49| Run’ O|Lt ‘Source Script’
= 2ot} N2 ML UCHH R console 2] ZEZE >'7F Python 2'>>>'2

HHR 24 BRIt 4 QUCh

A ==

r
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tices.Rmd @] deaR 0] geo_dataR ® | Appendix.Rmd 7| gepia.py @ | Chapter1-R_preliminaries.Rmd » =M

Q / - I #Run | % | | Source Script I
python API to generate survival plots from gepia =
http://gepia2.cancer-pku.cn/#index
tutorial: http: epia2.cancer-pku.cn/#api

click 'Run' or 'sSource Script' on the upper ri corner
Check if prompt from R console '>' changed t

oW W W

# install gepia before importing it
# pip3 install gepia
10 -+import gepia

11 Amport os

(U lle TR o) IV, [ SR UV N I

13 # help(gepia)

15 output_dir = '../gepiaResults/s al_COAD_CAF/'

16 dataset = 'COAD'

17 <ine — T'cnura'’ "nNval! 'ANH "carnT1! "aANHIR' "DRKrUH' 'FrE1R! 'TeET
1 L3

Python 2

Console = Terminal R Markdown Jobs

=
G/Ui E2}t0]E,/2020TLO/Wark/Biocinformatics_stughf/R-project/book_ed2/

> reticulate::repl_python()

Python 3.8.3 (C:/Users/hyemin/miniconda3/python.exe)

Reticulate 1.18 REPL -- A Python interpreter in R.

>>> # tutorial: http://gepial.cancer-pku.cn/#api

>>>

RStudio OfA] Python 23 E/E gepiapy &2

function/gepiapy 2t2| {2 Of2f ZEQ} ZCt X|7dot CIHE2[0f 7HE gene
L= genes group 0| CHSt survival plot & 0S,DFS ZtZ4 SHLEA T2 N Z&SHCL,

# python API to generate survival plots from gepia
# http://gepia2.cancer-pku.cn/#index
# tutorial: http://gepia2.cancer-pku.cn/#api

# click 'Run’ or 'Source Script' on the upper right corner
# Check if prompt from R console '>' changed to Python's '

>>>

# install gepia before importing it
# pip3 install gepia

import gepia

import os

# help(gepia)

output_dir = './" #../gepiaResults/survival_COAD_CAF/'

dataset = "'COAD'

sigs = ['SNCA', 'NOVA1', 'ADH1A', 'GALNT13', 'ADH1B', 'PRKCH', 'FGF13', 'TG
FBR3', 'CFD', 'ADORA1', 'ATP8B4', 'PBX1', 'AKR1C3', 'AKR1C2', 'SMPDL3A', 'T
CF21', 'ATOH8', 'GREM2', 'MASP1', 'PPARG', 'FGFR4', 'METTL7A', 'CACNB2', 'S
HC3', 'LIPG', 'CLIC6', 'TRPC6', 'PTGER2', 'SLIT3', 'ITPR3', 'ZNF536', 'IL33
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', 'PF4v1', 'ISLR', 'CYTL1', 'COL14A1', 'GALNT15', 'STK32B', 'TMEM119', 'ED
NRB', 'MOXD1', 'IL13RA2', 'S100A4', 'IMPA2', 'PLPP3', 'PTHLH', 'MMP3', 'FBN
2', 'CXCL12', 'RASSF2', 'SHISA3', 'CCL13', 'STEAP1', 'SST', 'TFPI2', 'CCLS8

', 'RSPO3']

# sigs = [], ['ADH1A', 'GALNT13', 'ADHi1B'], ] # for multiple genes resul

t

os.makedirs(output _dir, exist ok=True)

# survival plot
sv=gepia.survival()
sv.showParams ()
sv.setOutDir(output_dir)
sv.setParam('dataset’',dataset)

for sig in sigs:
sv.setParam( 'signature’',sig)

for method in ['os', 'dfs']:
sv.setParam( 'methodoption’, method)
sv.query()

# terminate Python console by typing:
# quit or "Esc” key

oo 2&2 WAHLIRY| fI8iM= Esc 7|18 o FEALE 2T quit S

=
EtO| Z ST Python console 2] ZEIE >0l ROI'>'Z HHE HE oIzt 4

AN
SurvExpress
0 r=occ ﬂ TECSalud. -‘ Bioinformatics
Martinaz-Ladesm: inez-Torteya A, Chacolla-Huaringa R, Alberto Rodriguaz-Barrientos, Josd G. Tamaz-Pefia, Victor Travifio (2013) SurvExpress: An Online Biomarker Validation Tool and
SurvExpwess e
Biomarker validal

New: Link to tutorial restored (at top, septfzs,‘zuzu) s

*** New and faster gene search (since jan/23/2015) ***
Interface v2.0, Database Update = Dec 20, 2020 7:07:36 AM
Tissues = 26, Datasets = 225, Samples = 39325

*** WARNING ***
Dear SurvExpress user,
The database access for SurvExpress has been lost since Oct/2019 and currently out of funds. We are using our free time to help fixing this issue but unfortunately, we don 't have a final date.
We would appreciate if you want to help us filling out this form Thanks!

Databases that have been restored (2020):

(785) ACC-TCGA July 2016 Adrenocortical carcinoma

(786) BLCA-TCGA-Bladder Urothelial Carcinoma-July 2016

(787) BRCA-TCGA Breast invasive carcinoma - July 2016

(789) CESC-TCGA Cervical squamous cell carcinoma and endocervical adenocarcinoma July 2016
(791) CHOL-TCGA Cholangiocarcinoma July 2016

(790) CLLE-ES - ICGC Chronlc Lymphocytic Leukemia - IgVH +/- June 2016

(792) COAD - TCGA - Colon adenocarcinoma - June 2016

(793) COADREAD - TCGA Colon and Rectum adenocarcinoma June 2016

SurvExpress main

SurvExpress (http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp)=
250 M2t TCGA data 2t OfL|2} GEO data & Ct=2| H|O|HMEZ reference
dataset 22 F11 QUC} SHLIO| dataset | M Hot= Zut7b LIRX| %S E2,
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http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp

dataset 2 HMYZ}H ZIt7) Lt =X| =Holst
gX= 7ls2 gk

AR 2YS Yo

o —
re2 80| L 2 =
= =
o= Z0|LCt.
Symbol (TGFBT)  +|
i g
MMP11
CDGE
ESR1
CTsL2
PGR
CCNET
MK167
BIRCS M
<l Load Example Tutorial
O Adrenal Glands (1) O Bile Duct (1) © Bladder (5) O Bone (1)
Brain (21) O Breast (32) O Cervical (1) O Celon (22)
O Esophagus (3) © Gastrointestinal (4) O Head-Neck (5)
® Hematologic (27) ver (6) ) Lung (24)
O Ovarian (21) O Pancreatic (5) Prostate (8) O skin (4)
(2) Tissue: Stomach (3) ': Testis (1) O Thymus (1) O Thyroid (1)
O Uterine (3) ) [Miscellaneous] (6) O All (225)
Tissue or preferred database not listed ? (or found an error)
Please, share your data with us by e-mailing corresponding author.
For TCGA datasets, please see TCGA Publication Guidelines
Please cite SurvExpress and datasets authors properly.
ﬂ Database
1 | ORaponi Atkins AML GSE5122
2 eng Lymphoma GSE23501 69
3 | CUHummel Siebert Lymphoma GSE4475 221
4 | (O Acute Myeloid Leukemia TCGA 168
5 | Olenz Staudt Lymphoma GSE10846 420
6 etzeler Buske AML GSE12417-GPL96 163
7 etzeler Buske CM-AML GSE12417-GPL97 163
8 | (U Herold Bohlander CLL GSE22762 GPLS7 44
9 | OHerold Bohlander CLL GSE22762 GPL96 41
SurvExpress setting 1
10| O Herold Bohlander CLL GSE22762 GPL570 107
11 O Metzeler Buske CM-AML GSE12417-GPL570 79
12 aponi Tark AML GSE8970 34
3 13| () Shaughnessy Multiple Myeloma GSE2658 559
Database: 14 O Leich Staudt Follicular Lymphoma GSE16131-GPLS6 368
15 Leich Staudt Follicular Lymphoma GSE16131-GPLS7 368
16 lizadeh Staudt DLB Lymph GSE&0 133
17 O Rosenwald Folicular Lymph 191
18 (CResenwald Matle Cell Lymph 101
19 (CRosenwald Staudt DLBC Lymph 240
20 hipp-Golub DLBCL Lymphoma 58
21 ® Jais B-Cell Lymphoma 53
22 ullinger-Pollack AML GSE425-GPL318 44
23 (O Bullinger-Pollack AML GSE425-GPL319 49
24 (JCLLE-ES - ICGC Chronic Lymphocytic Leukemia - IgVH +/- June 2016 201
25 (UDBLC - TCGA - Lymphoid Neoplasm Diffuse Large B-cell Lymphoma June 2016 47
26| OLAML - TCGA - Acute Myeloid Leukemia June 2016 149

27 (O MALY-DE - ICGC - Malignant Lymphoma - Germinal center B-cell derived lymphomas June 2016 44

This applies when a gene is associated to many rows of the dataset.
For example, when a gene has several probe sets (duplicates or alternatives).

Average : All probe sets/records will be averaged per sample.
L) Maximum average : The "most expressed” row will be used.

) Maximum variance : The "most dispersed” row will be used.
) show all ; All rows will be presented in the analysis, Use this if you have no clue,

(a) Duplicated genes:

) Original (Quantile-Normalized)
' Uniformized

| SurvExpress Analysis

(5) Send:

SurvExpress setting 2

= UCh ME CHE dataset 7| 2|

Response to treatment, Age, Gender

Survival, Subtype, Pathology, Age, Gender, Treatmant Shaknow:h

Survival Hummel
Survival, Cytogenetic Risk, Morphology TCGA
Survival, Gender, Stage Lenz
Survival, Type, Kariotype Metzeler
Survival, Age Metzeler
Survival Herold
Survival Herold
Survival Herold
Survival Metzeler
Response to treatment Raponi
Survival Shaughnessy.
Survival, Stage, Inmune response, Age, TP Leich
Survival, Stage, Inmune response, Age, IPI Leich
Survival, Subcategory Alizadeh

Survival, Node, Stage, IP1, Age
Survival, ATM deletion, TP53 deletion
Survival

Survival, Gender, Stage

Survival, Gender, Grade

Survival, Age Bullinger
Survival, Age, Sex Bullinger
Survival ICGC
Survival TCGA
Survival TCGA
Survival ICGC

| survExpress Analysis =
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R

geo data 2} tcga data O CHSH survival plot 2 &l O|XNE &IASHAL & oK 25
StLEC| gene O CHBH Of2] 7HC| probeindex 7} 2|2 4% Bl F2,
median expression level 2CF 2 MEZS Up-regulated £, 22 MES Down-

regulated 2 =5 SR L,
e geo data (/CAF_validation/CaF_validation_script.R)

S script 2| 17 MW Z=2| gene_of interest & =JSt0 ALESHCt EEDH
annot_data 2| YAl0| EU|O{QUX| %D XOCH CHE 7|20
head(annot_data)E &l Li&=2=2 EO0E1 EQot H(Death,
OverallSurvival_months, TumorFreeSurvival_months)E &0} HO|H Z| Y0 E=
x| 1ol stk

source("../functions/geo_data.R")
geo_series_idx <- "gsel2945"

gse <- download_gse(geo_series_idx) # geo data =L

data <- extract_gse(gse,

t, gene_info, annot_data £ LI 9= Z/[AE
attach(data)

../geo_Rdata", geo_series_idx) # data = exprs_ma

## Extract real clinical data : gse file O/Cf LFE EOHZ =& OI2
head(annot_data, 3)

colnames (annot_data) <- gsub(":ch1$",
Al :ch1 2 ELf= F&2 44

""  colnames(annot_data)) #Z& 0/Z0]

library(dplyr)

annot_data <- annot_data %>% select(Death, OverallSurvival months, TumorFre
eSurvival_months)

annot_data$Death <- as.integer(annot_data$Death)
annot_data$OverallSurvival months <- as.numeric(annot_data$OverallSurvival
_months)

# Survival plot
gene_of_interest <- "GLI2"

library(survival)
library(survminer)
gene_idx <- which(gene_info$ Gene Symbol == gene of_ interest)
# median expression Level whenever multiple probe ids exist
if (length(gene_idx) >1) {
gene_exprs_level <- colMeans(exprs_mat[gene idx,])
} else {
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gene_exprs_level <- exprs_mat[gene_idx, ]
}
summary(gene_exprs_level)
over_exprs_level <- median(gene_exprs_level)
gp_idx <- ifelse(gene_exprs_level>= over_exprs_level, "up", "down")
survl <- survfit(Surv(OverallSurvival months,Death)~gp idx, data=annot_dat
a)
ggsurvplot(survl, data=annot_data, pval=TRUE, risk.table=T, title=gene_of_
interest)

e TCGA data (/TCGA_validation/CaF_validation_script.R)

A2

_

Ch2#s 180l 27| M=o 2= Za &9

rlo

Ct.

## Clinical validation using TCGA data

## reference: https://costalab.ukaachen.de/open_data/Bioinformatics_Analys
1s_1in_R 2019/BIAR_D3/handout.html

## Hyemin Gu (nicolegu6616@gmail.com)

## ver 1.0 (2020-11-24)

## 1. Search and download TCGA data

library(TCGAbiolinks)

GDCprojects = getGDCprojects()

View(GDCprojects[c("project_id", "name")]) # select a project
TCGAbiolinks: ::getProjectSummary("TCGA-OV") # further Look on a project

## ===== MODIFY THESE LINE BY YOUR NEED ======
#rm(Llist=Ls()) # if you need to clear up the environment
CancerProject <- "TCGA-OV" # pick a project

# 2 settings to fetch all RNA-seq data

DataCategory <- "Transcriptome Profiling"

DataType <- "Gene Expression Quantification"
ExpStragegy <- "RNA-Seq"

WorkFlowType <- "HTSeq - Counts"

## ===========================================
query = GDCquery(
project = CancerProject,
data.category = DataCategory, # parameter enforced by GDCquery
data.type = DataType,
experimental.strategy = ExpStragegy,
workflow.type = WorkFlowType)
GDCdownload(query = query, directory = "../GDCdata")

# 2. Load and obtain exprs _mat, gene_info, annot _data

data = GDCprepare(query, directory = "../GDCdata")

dim(data)

## 3 main functions to access the data: colData(), rowData(), assays()
library(SummarizedExperiment)

colnames(colData(data))
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table(data@colData$vital status)
table(data@colData$tumor_stage)
table(data@colData$definition)
table(data@colData$tissue_or_organ_of_origin)
table(data@colData$gender)

head(rowData(data))

dim(assay(data))
head(assay(data)[,1:5])

annot_data <- colData(data)
gene_info <- rowData(data)
exprs_mat <- assay(data)

## 3. Survival Analysis
library(survival)
library(survminer)

gene_info$external_gene_name[grep("~CD2", gene_info$external_gene_name) ]
## === SPECIFY THESE LINES ===
gene_of_interest <- "CD274"

annot_data$Death <- ifelse(annot_data$vital status=="Dead", 1, 0)
annot_data$0OverallSurvival months = ifelse(
annot_data$Death,
annot_data$days to_death/30,
annot_data$days_to_last_follow_up/30)
#H# ===========================
gene_idx <- which(gene_info$external _gene name == gene_of interest)

# median expression Level whenever multiple probe ids exist
if (length(gene_idx) >1) {
gene_exprs_level <- colMeans(exprs_mat[gene_idx,])
} else {
gene_exprs_level <- exprs_mat[gene_idx, ]
}
summary(gene_exprs_level)
over_exprs_level <- median(gene_exprs_level)

gp_idx <- ifelse(gene_exprs_level>= over_exprs_level, "Up", "Down")

survl <- survfit(Surv(OverallSurvival months,Death)~gp idx, data=annot_dat
a)

ggsurvplot(survl, data=annot _data, pval=TRUE, risk.table=T, title=gene of_
interest)
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DEA on Microarray data

GSE138224 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE138224)0| CHTt

DEA

# download excel exprs mat directly from

# https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi’acc=GSE138224

# then combine them by columns and save as /geo_exprs_mat/GSE138224.csv
# ensemble gene id -> gene symbol :

https://www.biotools. fr/mouse/ensembl_symbol converter

rm(list = 1s())
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exprs_mat <- read.csv("../geo data/GSE138224.csv")
head(exprs_mat)

## id Ctr1 Ctr2 Ctr_3 iRFA_1 iRFA_2 iRFA_3
## 1 ENSMUSGO0@00028180 11.19866 10.77352 16.16627 15.70104 15.86787
14.66599

## 2 ENSMUSGOO@00028182 ©.30710 0.22366 ©0.28851 ©.30798 ©.35380
9.29713

## 3 ENSMUSGOOO00028185 ©.02041 0.00000 ©0.00000 ©.00000 ©.00000
0.00000

## 4 ENSMUSGO0O00028184 11.25099 11.95978 2.90199 2.34468 2.94021
2.70212

## 5 ENSMUSGO0000028187 5.01563 5.19307 13.65286 14.82518 15.28217
13.92727

## 6 ENSMUSGO0000028186 ©0.03412 0©0.05682 0.00000 0.02069 0.02354
0.00000

## symbol

## 1 Zranb2

## 2 Lrrig3

## 3 Dnase2b

## 4 Adgrl2

##t 5 Rpfl

## 6 Uox

exprs_mat <- exprs_mat[!duplicated(exprs_mat$symbol), ]
rownames (exprs_mat) <- exprs_mat$symbol

exprs_mat <- exprs_mat[,-c(1, 8)]

dim(exprs_mat)

## [1] 32041 6

# preprocessing
source("../functions/preprocess_expression_mat.R")
exprs_mat <- as.matrix(exprs_mat, rownames=T)

exprs_mat <- gnormalize(exprs_mat)
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exprs_mat <- gfilter(exprs_mat, 0.25)
min(exprs_mat)

## [1] o
dim(exprs_mat)
## [1] 24030 6

# dea

source("../functions/dea.R")

ctr <- exprs_mat[, 1:3]

iRFA <- exprs_mat[, 4:6]

res_filt_up <- analyze_DEG(iRFA, ctr, "P.Value < 0.05 & logFC>=1")
head(res_filt _up, 10)

H#it logFC AveExpr t P.Value adj.P.VvVal
## Slamf9 7.351666 17.070038 14.879696 4.247157e-05 0.3659394
0.19109663

## Gzmb 10.779201 12.867411 14.495852 4.785238e-05 0.3659394
0.16902226

## Tmeml70b  2.143460 4.990642 13.646859 6.300026e-05 0.3659394
0.11437692

## Dnajal 6.149525 25.069759 13.345288 6.974151e-05 0.3659394
0.09278967

## Prpf38a 2.105224 6.321256 10.874896 1.760756e-04 0.3659394
0.14261058

## Inpp4b 2.909138 2.552922 10.485438 2.074231e-04 0.3659394
0.19224961

## Snx8 7.521916 16.550237 10.358951 2.190273e-04 0.3659394
0.20931866

## Faml22b 2.252108 2.523631 9.629378 3.036122e-04 0.3659394
0.31797210

## Eifda-ps4 22.157794 140.639316 9.340175 3.477713e-04 0.3659394 -
0.36641085



## Bcl2ald 5.651290 11.691813 9.276082 3.585831e-04 0.3659394 -
0.37760313

#write.csv(res_filt_up, "overexprs-pval@_01-logFCl.csv")

## heatmap

#install.packages("gplots")

#library(gplots)

#heatmap.2(exprs_mat[rownames(res_filt up), ], scale="row", Rowv = NA, Cowv
= NA, trace = "none", col=greenred(10), density.info = "none"

DEA on RNA-Seq count data

GSE117358 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE117358)0f CH{ot
DEA

ME CHE treatment O CHSt respoder vs. nonresponder Off E2F common DEGs

20l

rm(list=1s())

gse_serial _no <- "gsel17358"

gene_counts <- read.csv("../geo_data/GSE117358 genecounts.csv")
head(gene_counts[,1:10])

## ABO1 ABO2 ABO9 AB10 AB17 AB18 AB25 AB26 AB33 AB34
## 1 5344 6003 5392 5452 4652 4620 4510 5077 4313 6617
## 2 0 0 0 0 0 (4] 0 0 0 0

## 3 812 967 841 882 658 434 686 867 568 1247
## 4 8346 14646 6320 16274 5830 5422 4158 13197 4356 13387
## 5 88 142 83 128 70 75 51 107 45 143
## 6 2 3 0 0 0 5 4 1 1 5

# sample can be grouped into (AB responder, AB nonresponder, RZ responder,
RZ nonresponder)
library(dplyr)

##
## Attaching package: 'dplyr'

## The following objects are masked from 'package:stats':
##
H## filter, lag

## The following objects are masked from 'package:base’:
#i#
## intersect, setdiff, setequal, union

AB <- gene_counts %>% select(colnames(gene_counts[grep("AB",
colnames(gene_counts))]))

rownames (AB) <- gene_counts$Symbol

AB <- as.matrix(AB)
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RZ <- gene_counts %>% select(colnames(gene_counts[grep("RZ",
colnames(gene_counts))]))

rownames (RZ) <- gene_counts$Symbol

RZ <- as.matrix(RZ)

source("../functions/preprocess_expression_mat.R")
HHt####### DEG analysis on AB

# normalization of genes

AB <- gnormalize(AB)

# quantile filter of genes

AB1_Filt <- qfilter(AB, gnt.cut = 0.25)

source("../functions/dea.R")

AB1 R <- AB1_Filt[, seq(1l, ncol(AB1_Filt), by=2)]

AB1_NR <- AB1_Filt[, seq(2, ncol(AB1_Filt), by=2)]

res_filt_upl <- analyze DEG_cnt(AB1_R, AB1_NR, "logFC > 1 & FDR < ©.01")

Liddd

ABO1  ABO2 ABO9 AB10 AB17

150000

0
|

## Disp = 0.10439 , BCV = 0.3231

res_filt_downl <- analyze_DEG_cnt(AB1_R, AB1_NR, "logFC < -1 & FDR <
0.01")

## Disp = 0.10439 , BCV = 0.3231
head(res_filt upl)

H## logFC logCPM PValue FDR

## Rpl36a-ps3 6.776259 3.1668831 1.269852e-132 3.535267e-128
## Tptl-ps5 4.647967 3.5673318 4.371627e-89 1.106419e-85
## Rpsll-ps3 4.960140 1.3504531 9.041029e-75 8.390075e-72
## Lcn2 3.894966 4.9180481 4.200203e-73 3.34096le-70
## Gm15056 3.755328 5.4481528 3.232379e-69 2.249736e-66
## Rpl27-psl 4.713970 ©.7153889 2.398134e-62 1.236371e-59

head(res_filt downl)
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## logFC logCPM PValue FDR

## Krt77 -8.193637 2.119829 1.272916e-126 1.771900e-122
## Gm8623 -7.211263 2.349354 2.608129%e-123 2.420344e-119
## Gm5879 -5.457276 3.661994 1.408424e-110 9.802634e-107

## Rpl31-psl13 -5.751612 2.601681 4.600136e-106 2.561356e-102
## Krtap3-2 -5.113961 3.381023 6.311631e-100 2.928597e-96
## Krt33b -4.777194 4.420790 2.616557e-96 1.040642e-92

HHt##A##A### DEG analysis on RZ
# normalization of genes
RZ <- gnormalize(RZ)

(SR eI
D0 OO
(SR eI
QO O
(SR eI

0 100000

Ll

RZ01 RZ02 RZ09 RZ10 RZ17

# quantile filter of genes
RZ_Filt <- gfilter(RZ, gnt.cut = 0.25)

# Diff.expr.analysis (DEA)

RZ_R <- RZ_Filt[, seq(1, ncol(RZ_Filt), by=2)]

RZ_NR <- RZ_Filt[, seq(2, ncol(RZ_Filt), by=2)]

res_filt_up2 <- analyze_ DEG_cnt(RZ_R, RZ_NR, "logFC > 1 & FDR < 0.01")

## Disp = ©0.02767 , BCV = 0.1664

res_filt down2 <- analyze_ DEG_cnt(RZ R, RZ NR, "logFC < -1 & FDR < ©.01")
## Disp = ©0.02767 , BCV = 0.1664

head(res_filt_up2, 10)

H# logFC logCPM PValue FDR

## Gm3756 3.701348 4.7912410 1.803775e-237 1.761266e-233
## Gm5526 3.591216 2.0691955 8.112465e-139 2.640427e-135
## Gm14173 3.660629 1.2493848 6.978950e-109 1.703620e-105
## Gm13192 3.749630 1.1055264 2.230250e-106 5.025440e-103
## Gm13237 2.019772 3.2739056 1.638361le-74 3.428036e-71
## Gm11401 2.462057 1.6153053 2.517539e-71 4.916418e-68

R WRRLRNP
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## Gm14536 7.316399 -0.8014681 6.763791e-61 1.100732e-57
## Gm15027 7.316399 -0.8014681 6.763791e-61 1.100732e-57
## Gm13167 1.878762 2.9639339 8.731235e-61 1.346127e-57
## Gm8451 1.741164 3.6465473 7.795332e-59 1.087375e-55

head(res_filt_down2, 10)

## logFC logCPM PValue FDR

## Tptl-ps6 -7.411835 4.6674962 ©.000000e+00 ©0.000000e+00
## Gm7429 -8.458690 2.5263703 1.098597e-306 1.609060e-302
## EOQ30024N20Rik -5.522032 1.9425928 7.039195e-206 5.154978e-202
## Gm5550 -5.956170 1.6077485 1.585137e-191 9.286683e-188
## Ftl2-ps -2.746508 6.9946779 6.561429e-150 3.203399e-146
## Gm7816 -5.535396 0.9986649 1.150376e-142 4.813997e-139
## Rpl35a-ps2 -8.883831 0.6012592 7.394092e-142 2.707439e-138
## Gm10012 -5.309774 0.8609898 1.212730e-130 3.552451e-127
## Gm7665 -3.800612 1.2438596 1.008371e-113 2.685293e-110
## Gm11808 -2.422366 1.5001987 3.633532e-67 6.652316e-64

### Venn diagram for DEG Llist
library(VennDiagram)

## Warning: package 'VennDiagram' was built under R version 4.0.3
## Loading required package: grid
## Loading required package: futile.logger

ups <- list(AB1l = rownames(res_filt upl), RZ = rownames(res_filt up2))
ups_list <- get.venn.partitions(ups)

grid.newpage()
draw.pairwise.venn(areal = ups_list$..count..[3]+ups_list$..count..[2],
area2 = ups_list$..count..[1]+ups_list$..count..[2],
cross.area = ups_list$..count..[2],
category = c("AB1", "RZ"),
fill = c("light blue", "pink"),
1ty = "blank",
alpha = rep(0.5, 2),
cat.pos = c¢(0,0), # category Label position
cat.dist = c(0,0)) # category Llabel distance from circle
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1430 101

## (polygon[GRID.polygon.11], polygon[GRID.polygon.12],
polygon[GRID.polygon.13], polygon[GRID.polygon.14], text[GRID.text.15],
text[GRID.text.16], text[GRID.text.17], lines[GRID.lines.18],
text[GRID.text.19], text[GRID.text.20])

common_up <- ups_list[1l, "..values.."] # common up-regulated genes

downs <- list(ABl = rownames(res_filt downl), RZ =
rownames (res_filt down2))
downs_list <- get.venn.partitions(downs)

grid.newpage()
draw.pairwise.venn(areal =
downs_1list$..count..[3]+downs_list$..count..[2],
area2 = downs_list$..count..[1]+downs_list$..count..[2],
cross.area = downs_list$..count..[2],
category = c("AB1", "RZ"),
fill = c("light blue", "pink"),
1ty = "blank",
alpha = rep(0.5, 2),
cat.pos = c¢(0,0), # category Label position
cat.dist = c(0,0)) # category Llabel distance from circle
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RZ IF
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## (polygon[GRID.polygon.21], polygon[GRID.polygon.22],
polygon[GRID.polygon.23], polygon[GRID.polygon.24], text[GRID.text.25],
text[GRID.text.26], lines[GRID.lines.27], text[GRID.text.28],
lines[GRID.lines.29], text[GRID.text.30], text[GRID.text.31])

common_down <- downs_list[1,"..values.."] # common down-regulated genes

Bevacizumab responder vs nonresponder DEA
« HO|E ndHo| HMsdiFdl ZEE 78510 ArE

#
https://bioconductor.org/packages/release/bioc/vignettes/TCGAbiolinks/inst
/doc/analysis.html

# Install and load Llibraries

if (length(grep("”~BiocManager$", rownames(installed.packages())))<1)
install.packages("BiocManager")

if (length(grep("~TCGAbiolinks$", rownames(installed.packages())))<1)
BiocManager: :install("TCGAbiolinks")

if (length(grep("~EDASeq$", rownames(installed.packages())))<1)
BiocManager: :install("EDASeq")

if (length(grep("~stringr$", rownames(installed.packages())))<1)
install.packages("stringr")

if (length(grep("~dplyr$", rownames(installed.packages())))<1)
install.packages("dplyr")

# Load clinical data
if (!file.exists("../GDCdata"))
dir.create("../GDCdata")

# clinical.BCRtab.all Ef= fX| E/AEQ 2t g52 Wf=0f= XHE
nte <- as.data.frame(clinical.BCRtab.all[1])

colnames(nte) <- nte[l,]
nte <- nte[-c(1:2),]
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follow _up <- as.data.frame(clinical.BCRtab.all[2])
colnames(follow up) <- follow up[1,]

follow up <- follow up[-c(1:2),]

omf <- as.data.frame(clinical.BCRtab.all[3])
colnames(omf) <- omf[1, ]

omf <- omf[-c(1:2),]

patient <- as.data.frame(clinical.BCRtab.all[4])
colnames(patient) <- patient[1,]

patient <- patient[-c(1:2),]

follow _up_nte <- as.data.frame(clinical.BCRtab.all[5])
colnames(follow up nte) <- follow up nte[1,]
follow _up_nte <- follow_up nte[-c(1:2),]

drug <- as.data.frame(clinical.BCRtab.all[6])
colnames(drug) <- drug[1,]

drug <- drug[-c(1:2),]

radiation <- as.data.frame(clinical.BCRtab.all[7])
colnames(radiation) <- radiation[1, ]

radiation <- radiation[-c(1:2),]

# Bevacizumab SfZEA/2/7f & LJO/EH £7/

# grepl() Z'+7f key point

# grepl( Z&tEl ZXE, X322 YE, ignore.case = T %= F)
# ignore.case: LfLZ2X} 7= FA/

# bavacizumab = X/EX=Z 2 AERE & 31 F0/J/C}. ..
beva <- subset(drug, grepl("(beva|avastin)", drug_name, ignore.case = T))
# 49 samples found

# BIA} o ZF Step 1

# LJO/E/H|O[A 0] Labeling & response = HMEZ £
# CR = Complete Response

# PR = Partial Response

# SD = Stable Disease

# PD = Clinical Progressive Disease

# UK = [Not Applicable] or [Unknown]

# 1. response 2= MEF 71Z2
unique(beva$measure_of response)

## [1] "[Not Available]” "Clinical Progressive Disease"
## [3] "Complete Response” "[Not Applicable]"
## [5] "Partial Response” "Stable Disease"

## [7] "[Unknown]"

beva_CR <- subset(beva, measure_of response=="Complete Response")
beva PR <- subset(beva, measure of response=="Partial Response")
beva_SD <- subset(beva, measure_of response=="Stable Disease")
beva_PD <- subset(beva, measure_of response=="Clinical Progressive
Disease")
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beva_UK <- subset(beva, measure_of_response=="[Not Available]" |
measure_of response=="[Not Applicable]"| measure_of_response==
"[Unknown]")

# CR 3%, PR4%, sp2%, pb 12 %, unknown 28 &

cat(sprintf("Numbers of samples\nCR: %d \nPR: %d \nSD: %d \nPD: %d
\nUK: %d", nrow(beva CR), nrow(beva PR), nrow(beva SD), nrow(beva PD),
nrow(beva_UK)))

## Numbers of samples

## CR: 3
## PR: 4
## SD: 2
## PD: 12
## UK: 28

# BIA} o ZF Step 2
# O/E7 72 J|F=2 Xo/3f Lo H}E2L, refractory SFA| OFHX|0) et
CR+PR+SD (responder, R) vs. PD (non-responder, NR) O/E7 L}/Al 24

beva R <- rbind(beva CR, beva PR, beva SD) # 9 &
beva_R$response <- 1

beva_PD$response <- ©

beva <- rbind(beva_R, beva_PD)

beva <- dplyr::select(beva, bcr_patient_barcode, response)
colnames(beva) <- c("pt_id", "response")
head(beva)

H#it pt_id response
## 171 TCGA-AA-3517
## 306 TCGA-AY-A8YK
## 308 TCGA-AZ-4308
## 218 TCGA-AA-3869
## 280 TCGA-AA-AO2F
## 455 TCGA-F4-6806

RPRRRLRRR

# patient id = sample barcode ZL} ZICf. & H2Z. ..

# paitent id ZE0/ &23tHA! normal tissue 7} OfH sample List = £ O0fOF
Bt

=

# o ZItEter 8HEO) QI+ 2 =L, ZE A BHA0ZE ZofE E L/

COADMatrix <- SummarizedExperiment::assay(COADRnaseqSE,"raw_count™)

id <- as.data.frame(colnames (COADMatrix))
colnames(id) <- c("sample_ id")
library(stringr)

id$pt _id <- str_sub(id$sample id, 1, 12)
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id2 <- dplyr::inner_join(id, beva, by="pt id") # Z{+7} 13 /}= FE=4... £
= missing value 7} Q&= X &L} ..

listSamples <- as.character(id2$sample_id)

TCGAquery_SampleTypes(listSamples, typesample=c("NT")) # normal tissue -->
o/ A7A3H0F. ..

## [1] "TCGA-A6-2671-11A-01R-A32Z-07" "TCGA-AA-3517-11A-01R-A32Z-07"
TCGAquery_SampleTypes (listSamples, typesample=c("TP")) # tumor primary

## [1] "TCGA-AA-AQ2K-01A-03R-A32Y-07" "TCGA-NH-A8F7-01A-11R-A41B-07"
## [3] "TCGA-F4-6806-01A-11R-1839-07" "TCGA-NH-A6GB-01A-11R-A37K-07"
## [5] "TCGA-RU-A8FL-01A-11R-A37K-07" "TCGA-NH-A50U-01A-33R-A37K-07"
## [7] "TCGA-NH-A6GA-01A-11R-A37K-07" "TCGA-A6-5664-01A-21R-1839-07"
## [9] "TCGA-AY-A8YK-01A-11R-A41B-07"

TCGAquery_SampleTypes(listSamples, typesample=c("TM")) # tumor metastatic
## [1] "TCGA-NH-A8F7-06A-31R-A41B-07"

id3 <- subset(id2, !(sample_id %in% TCGAquery_SampleTypes(listSamples,
typesample=c("NT"))))

cat(sprintf("Number of samples \nbefore removing normal tissue: %d\nafter
removing normal tissue: %d", nrow(id2), nrow(id3)))

## Number of samples
## before removing normal tissue: 13
## after removing normal tissue: 11

# download RNA seq data

# 1. beva_responder vs. beva non-resonder 2 Z2&FE& BIX} MEF XX
Listsamples

# 2. o5 MEZZ barcode = X/&}0f RNA sequence data £ Lf2

# ListSamples : normal tissue A</
listSamples <- id3$sample_id

# expression matrix 942/
COADMatrix <- SummarizedExperiment::assay(COADRnaseqSE_beva, "raw_count")

# For gene expression if you need to see a boxplot correlation and AAIC
plot to define outliers you can run

getwd() # A workding directory Of2f0f boxplot O/ BtZ0/&/L/LH.

## [1] "G:/WH EE2l0|E/2020TLO/Work/Bioinformatics_study/R-
project/book ed2"

COADRnaseq_CorOutliers_beva <-
TCGAanalyze_Preprocessing(COADRnaseqSE_beva,
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filename="./pictures/ch3_1.png")

View(COADRnaseq_CorOutliers_beva) # ZA/& Zf sample £ raw read count 7} &2
gL/t
head(COADRnaseq_CorOutliers_beva)

#i TCGA-AA-ABG2K-01A-03R-A32Y-07 TCGA-NH-A8F7-01A-11R-A41B-07
## A1BG|1 43.50 9

#H A2M|2 3755.96 3835

## NAT1|9 211.00 276

## NAT2|10 173.00 255

## SERPINA3|12 9.00 51

## AADAC|13 12.00 9

#Hi TCGA-F4-6806-01A-11R-1839-07 TCGA-NH-A6GB-01A-11R-A37K-07
## A1BG|1 70.54 20.82

#H A2M|2 8934.97 4281.95

## NAT1|9 571.00 147.00

## NAT2|10 497.00 111.00

## SERPINA3|12 1787.00 54.00
## AADAC|13 6.00 1.00

it TCGA-RU-A8SFL-01A-11R-A37K-07 TCGA-NH-A50U-01A-33R-A37K-07
## A1BG|1 19.00 56.84

#H A2M|2 2166.93 12821.90

## NAT1|9 173.00 417.00

## NAT2|10 62.00 222.00

## SERPINA3|12 20.00 81.00

## AADAC|13 31.00 4.00

#Hi TCGA-NH-A6GA-01A-11R-A37K-07 TCGA-A6-5664-01A-21R-1839-07
## A1BG|1 49.70 46.13

# A2M|2 43009.94 31403.87

## NAT1|9 287.00 299.00

## NAT2|10 42.00 211.00

## SERPINA3|12 18.00 11263.00
## AADAC|13 26.00 21.00

#Hi TCGA-AY-A8YK-01A-11R-A41B-07 TCGA-NH-A8F7-06A-31R-A41B-07
## A1BG|1 34.00 11.93

# A2M|2 10105.95 3943.85

## NAT1|9 200.00 165.00

## NAT2|10 291.00 171.00

## SERPINA3|12 934.00 56.00

## AADAC|13 8.00 430.00
library(EDASeq)

dataNorm <- TCGAanalyze_Normalization(tabDF = COADRnaseqSE_beva, genelnfo
= genelnfo)

## I Need about 2.5 seconds for this Complete Normalization Upper
Quantile [Processing 80k elements /s]

## Step 1 of 4: newSeqExpressionSet ...

121



## Step 2 of 4: withinLaneNormalization ...
## Step 3 of 4: betweenLaneNormalization ...
## Step 4 of 4: exprs ...

# quantile filter of genes

dataFilt <- TCGAanalyze_Filtering(tabDF = dataNorm,
method = "quantile",
gnt.cut = 0.25)

# DEG =24
# bevacizumab responder vs. non-responder £ I& Lf+1 DEG 24

# ZifZ2 DEG beva _resp vs_nonresp.csv OfAIE 20/ Jt&5

# groups

beva R_id <- as.character(subset(id3, response==1)$sample_id)
beva_NR_id <- as.character(subset(id3, response==0)$sample_id)

# Diff.expr.analysis (DEA)

dataDEGs <- TCGAanalyze DEA(matl = dataFilt[,beva_R_id],
mat2 = dataFilt[,beva NR id],
Condltype = "Responder",
Cond2type = "Nonresponder",
fdr.cut = 0.01 ,
logFC. cut 1,
method = "glmLRT")

## Batch correction skipped since no factors provided

## there are Condl type Responder in 4 samples

## there are Cond2 type Nonresponder in 7 samples

## there are 14892 features as miRNA or genes

## I Need about 5.5 seconds for this DEA. [Processing 30k elements /s]
A L L e END DEA ----------comcmmmmmmmmee e oo

# DEGs table with expression values in nonresponder and responder samples
dataDEGsFiltLevel <-

TCGAanalyze_LevelTab(dataDEGs, "Nonresponder","Responder",
dataFilt[,beva_NR_id],dataFilt[,beva_R_id])

head(dataDEGsFiltLevel) # DEGs

## mRNA logFC FDR Nonresponder Responder Delta
## PPBP PPBP 11.015466 0.004148567 65797.7143 37.50 724792.465
## LY6E LYGE 2.860467 0.003376640 14639.7143 1534.50 41876.426

## CRABP2 CRABP2 4.115481 0.009941498 1510.8571 62.00 6217.903
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## HAGHL HAGHL 3.907485 0.001393997 1197.4286 67.50 4678.935
## PACSIN3 PACSIN3 2.942383 0.001663923 1361.0000 130.50 4004.583
## HEPHL1 HEPHL1 5.620872 0.008228477 612.4286 13.75 3442.383

#write.csv(dataDEGsFiltLevel, "DEG_beva_resp vs_nonresp.csv")
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1. Paste up to four lists. One element per row (axample)

2. Click the rumbers to see the results

3. Right-click the figure to wew and save it

(Bchaal size in pleels. 12001280
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e =t:Kim,Y], Kim, K, Lee, K.H. et al. Inmune expression signatures as candidate

prognostic biomarkers of age and gender survival differences in cutaneous
melanoma. Sci Rep 10, 12322 (2020). https://doi.org/10.1038/541598-020-69082-z
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Introduction

Cutaneous melanoma

* 1.6% of all cancers
« ~= brain/nervous system cancer
* ~= ovarian caner

* In the United States,

* New cases in 2019
+ 57,220 in men
* 39,260 in women
* Death in 2019
* 4,740 in men
* 2,490 in women
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Sexual disparity in cutaneous melanoma prognosis

Women Good prognosis than men
- lower risk of metastasis
- longer survival

Esp. Younger women

Sex hormones?
Immune system?

Oxidative stress?
Environmental differences
(tanning bed exposure) ?

Genetic analyses so far...

The differences in

Women Pigmentation genes,
Apoptosis genes,
Men Reactive oxygen species genes,

Sex-specific pleiotropic cancer-related genes

DNA mutational burden difference

Q1. Age? Q2. Age and gender matter.

Menopausal status? v Mutational analysis?
v SNPs analysis?
v Transcriptome analysis!
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In this study...

The SEER database

Clinical data Survival

Pathway annotation related
with
survival and radiation
response

The TCGA Transcriptome data
T B for the melanoma

The GTEx Transcriptome da‘ga Age
for the normal skin

tissue Gender...

database

Method
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SEER database

* The SEER database is an authoritative cancer registry of the
National Cancer Institute (NCI) in the USA. The SEER database
collects and registers information on all cancer patients in the
United States, approximately 34.6% of the total United States
population. SEER collects data on patient demographics,
primary tumor sites, tumor morphology, diagnostic stages,
primary treatment progress, and tracking of critical conditions.

2.1 Survival comparison between gender and age groups using
the SEER database

s Inclusion « Exclusion
= melanoma of the skin (C440-449) = Mo information on
» from 1975 to 2015 « survival time
+ only pathologically confirmed » cause of death

= primary malignancy cases

Cox multivariate analysis.
Cancer-specific survival (C55) CS5 comparisons between

The hazard ratio (HR) of the
gender in each age group was

compared

estimation using the Kaplan- genders in each age group using

a long-rank test

Meier method
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2.2 mRNA expression data preparation
mRNA Single pipeline
Melanoma tissue
TCGA database

Combined

Mormalization
gene matrix o

recountZ project

mRNA 'TCGAbiolinks’ package

Normal skin tissue
GTEx database

Filtering

w

_+» The Cancer Genome Atlas
grc?zgram TCGA

003193) has collected
over 20,000 primary cancer
and matched normal

samples spanning 33
cancer es carcinomas
since 2006 by the National
Cancer Institute and the
National Human Genome
Research Institute.
Collection items include
?enomlc epigenomic,

ranscriptomic, and
proteomic data.
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GTEx database (Genotype-Tissue Expression)

» The GTEx Project of the NIH
Common Fund has
established a resource
database and tissue bank in

—=—— R which to study the
R : : relationship between genetic

- - variation, gene expression,

and molecular phenotypes

in multiple tissues. The
project includes data on
apprommate(lgz 900 post-

donors by 2015

Cminu v | NAtUre
biotechnology

We'd like tc

Published: 11 April 2017 Combined

Reproducible RNA-seq analysis using gene matrix
recount2

Leonardo Collado-Torres, Abhinav Nellore, Kai Kammers, Shannon E Ellis, Margaret A

Taub, Kasper D Hansen, Andrew E Jaffe =, Ben Langmead B & Jeffrey T Leek B

Natire Biote r'l.'.'cJI]:n;J.- 35, 319-321(2017) | Cite this article

3919 Accesses | 85 Citations | 131 Altmetric Matrics
The recount2 pipeline can be used for CON
querying, downloading and analyzing large-
scale human RNA-seq datasets across more
than 70,000 samples, including all of GTEx,
TCGA and the SRA. We also allow users to
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Normalization

+ Read counts nesd to be properly normalized to accommodate for the following biases and extract

meaningful expression estimates: Normalization

+ Sequencing depth — Higher the sequencing depths, higher the counts

+ Gene length - Longer transcripts are expected to generate more reads

+ Count distribution v

dataNorm <- TCGAanalyze_Normalization(tabDF = sumg2, genelnfo = genelnfo)

Filtering

Filtering

# quantile filter of genesh

dataFilt <- TCGAanalyze_Filtering(tabDF = dataNorm,
method = "quantile",
gnt.cut = 0.25)

140



2.3 DEA, survival analysis, and pathway annotation

Combined .
e MNormalization
Fix

w

Filtering

Pathway
annotation

¥ Diff.expr.analysis (DEA)

dAtA0EGS < TCGAanalyze DEA(mat] = datarilt( sasplesnt
mat2 - dataFilt{, samplesT.
Cond1type 1",
Cand2type ‘

Whole

genes

Step 1

Melanoma vs. Normal skin

- Log2-fold change (logFC)>1.5

- False discovery rate (FDR) @<0.01

Step 2

High expression (upper 1/3)

vs. Low expression (lower 1/3)

- Survival difference, log-rank test
- P<0.001

Using
‘survival', 'survminer’ packages

tabSurvikd TCGAanalyze_SurvivalkM(clin.skem,

SKOMatrixs,
Genelist - Geneli
Survresult = F,
ThreshTop-0.67,
Threshomn-0. 33

P on_ values in normal and tuwor sawp)es tabsurviMconplete <- ML
TCGanalyze_LeovelTab (dataleGs . “Tusor”, "sorsal”, tabSurvikMcomplete <~ rbind(tabSurviNcomplete, tabSurvkv

dataFilt samplesT.all}, dataFilt(.samplesnT3) tabSurvkMcomplete < TabSurvkvcosplete( tabSurviiconpletespvalue < 0,001, |
tabSurvikMcomplete «- tabSurviMcorpletelorder (tabSurviMcospleteSpvalue, decreasingF),
TabsurvkMcomplete

nrowl tabSurviicomp lete )|

® DEGs table w
dataoiGsF il tevel

head(datadEsss i tLevel)
dataDEGsFiltLevel [order(dataDEGsFiltLevelS1ogiC, decreasing-T),
bead (degl

Growp eospd Mean (Mean
- Growp? Doaths | & Mewn
mRNA  flogFC  [FOR [Tumor  [Noemel (Dol [puske Dwath Growp?  [Growp2
Doaths with Group!
with Top Top  [Dewn
Down
ADAMG | 83823641 78E-232] 120782.6] 2420168] 100785¢| 4E-05) 57 us| s35a81] 188aan7] 1290026
GPR1ILY 5004138 0] B60429] 13668 33| SO71487| 5.20€-05 02} 66 17842 56| 1082 128| §592 892
Eat 0] 7430564] 5793398 112600 53 6| 20106.94| 249,6987| 7517367
ccis. 0| 4214.348[ 7148411 380606 S8 92| 10757.66| 3702308| 4242.746)
R O} SUASHI TIOTULIG| SKI0B4]_SNEE-06] ABa Beb bt [
(GEFS 0 $7.309| 7745242| 1015685| VAVE-O7) 60| 5823327 15947
SLAMET |25 0] 2421.112] 9529557 11000.73] 3.246-05 58 65| 6120295 177.4538] 2436.588
coan | a513220]1.66€-297) 7004.295] 1970.372] 2.74E-06 59 90[ 4693891 91.58975 1779.154
vz 4401251 [l 50200.02] 0.000735 3 101401] 1152363
C10a SA39885| BAGE-06) 2132513
C108 3| 263€.05) EG
I 300e0s| 113.1603
TYRP 0000224 2472436
e |a212279 0] 1220961 514303 223605 2101.724] 1227191
GBPA | 3983323 0] 495496 1976693 4359] £972586
Cres 3966262 1.47E-308| 3120606| 18061.23| 1237714 01| 3139562
ITC 3943545 0] 2147547| 12847 5| 6468 947! 09| 2164579
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4. Most significant pathways

The fallowing table shows the 25 mast relevant pnthways sorted by p-value.

Reactome e e L T

2668 .80 Lile-16 23614 L3R Al

TNS nee  Lisds  1Seels jes 0

B 404 oax Lile-lg L5814 218 LE- 1%

. S .

wj4T LA - Llle-16 20814 174 A2%eH

ard Pav salnEs nam amas asen mEO@T an

40383 a3 A00e-15 G- 13 T a.e0L

mwimm LRIk} 207e-18 27512 28728 L= i)

@ 44 48 [ R %11 EALE ) iz a.e04

FofE 2] 0816 L20e-10 L.lse-0a SM 08402
analyre Data RuacrameFiviz Detumentation . 29 480 Dz SgTe0 90808 1o/ 1e Bl

8 it ! 142 Te- 1 B € 1

Cans s by thew CD28 Gunnily =0 s [LEJES LiZedn EE R Wi LR i}

Adapiive e Sysbem B8/ 2018 00 a.8Te 44 5. 5007 1387380 08i

i3 5485 a6 A40e47 4.1e-0d 211 e 0,087

Eo R 0813 215 4% L5304 4/ 0802
aln o401 8350 44 L+ B/3 e
spe ass osom o 53 aniess

71148 0007 .08 oz Lx/21 L= 143

s/ =n a? .8 oz R LE- 2}

4 Validation
+ Validation set 1 + Validation set 2
+ Other mRNA database of melanoma + Other mRNA database of melanocyte

* EMBL-EBI: E-GEOD-65904 (= GEO: GSE65904) * GEO: 4 projects (SRP022259, SRP039354,

+ 'GEOquery’, ‘illuminaHumanv4.db’ R packages SRP057616, and SRP058120)
+ 12 samples

« 'recount’ R packages

EMBL-EBI (£O

he home for b in bic Gene Expression Omnibus

The European Bioinformatics Institute
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Statistical and computational method's

« R software (version 3.6.1)
« RStudio (version 1.2.1335)

Results
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3.1. SEER database analysis

N= 290,098 Na exclusion |Contents
EERRAL 16833 |CAdD-449 with histology 87 20-8780
293462 TTE54  [sequence number = one prmary only or 15t of 2 ar mose primaries
27eT 1665 |Pathologically confirmmed
FN757 AN survival months = unknown 2|
290098 1658  |css = missing or unknown 2

(a) Age<50 (b) Age, 50-59

(c) Agez60

a2 o s
7 v 3 M 3 ol
o - % . ~uman ol ~Woman
3 8 #
*
P+ <0001 - P*<0001 . P*=0001
am ik i
£ = x B ] ) ) ) ) )
bonita o wonm
hamiber i risk Humber at vist
3™ fou  ams s mew o —lsem  mem wrm mn owes s amm e v
BA=lax wm am  ww  wm @ E— ane o SV - o I
£ 3 ® ] ) T TR ) TR
Wonits L WA

Sex and the age group, interaction term

> coxph <- coxph(Surv(time, os)~ factor(sex)+factor(age2)+factor(sex)*factor(age2), data=run)

> summary(coxph)

call:

coxph(formula = Surv(time, os) ~ factor(sex) + factor(age2) +
factor(sex) * factor(age2), data = run)

n= 290098, number of events= 86595

coef exp(coef) %koef) z pr(>lzl)
[Factor(sex)?2 | -0.73751 0.4783070.01762 -41.867 <2e-16 ***
actor (age 0.57593 1.77879 0.01533 37.561 <2e-16 ***
factor(age2 1.56930 4.80330 7 125.847 <2e-16 *** g~
Factor(sex)Z: factor(age. 0.24591 1.27879 2 9.599 <2e-16 ""
actor(sex)2:factor(age2)3 ] 0.56405 1.75778 “4.01957 28.824 <2e-16 ***

signif. codes: 0 '#*¢’ 0.001 '*¢’ 0.01 **" 0.05 *." 0.1 ' ' 1
exp(coef) exp(-coef) lower .95 upper .95
0.4783 2.0907 0.4621 0.4

factor(sex)2 951
factor(age2)2 1.7788 0.5622 1.7261 1.8331
factor(age2)3 4.8033 0.2082 4.6873 4.9221

factor(sex)2:factor(age2)2 1.2788 0.7820 1.2162 1.3446
factor(sex)2:factor(age2)3 1.7578 0.5689 1.6916 1.8265

Concordance= 0.683 (se = 0.001 )

Likelihood ratio test= 51189 on 5 df, p=<2e-16

wald test = 40665 on 5 df,
Score (logrank) test = 50706 on 5 df,

p=<2e-16
p=<2e-16
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3.2. Genes that significantly impact survival according to the

expression level

i_N=47o & N=974
b i

Whole
genes

Differentially
expressed

genes (DEGs)

209 genes

Selected

DEGs

) 1021 genes

Heatmap of gene expressions (z-score) that were significantly
upregulated in the melanoma tissues compared to normal skin
tissues and affected survival according to the expression level
(n=209)

Pathway annotation of the 209 genes
= Upregulations of the PD-1, IFN-y, IFN-a/B pathways were correlated with favorable

survival in melanoma

(1) PD-1signaling
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- Upregulated: 1< genes with high expression (top third) of specific signaling.

- Downregulated: No genes with high expression of specific signaling.
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Table 1. Survival comparison according to the expression level of immune
pathway-related genes that are upregulated in melanoma tissues than
normal skin tissues and affect survival according to the expression level

]
Pathway cumr TREM Jkm. oEmRe Emy I

(no.) (ne.) na,) (ne)

High sxpression [=&7%) Low expression (=

HLA-DPB1 53 82.3 153 89 597 156 0000001
HLA-DRE1 55 84.0 153 BE 57.0 154 0u000001

HLA-DRA 54 81.9 153 B3 551 155 0000001

HLA-DPAT 56 83.5 153 85 575 156 0000002

PD-1 signaling HLA-DRES 50 75.9 153 89 63,1 154 D.00000E
(R-HSA-389948) HLA-DGBA 51 767 153 8a 623 154 0000010
CD3E 58 828 151 B8 632 155 0000030

HLA-DQAT 59 82.7 153 81 573 151 0000042

cb4 86 89.0 153 78 550 154 0000065

HLA-DQAZ &0 81.4 150 BE B4.6 154 0000329

High expression (>&7%) I Low expression (<33%)

Pathwa P-value*
‘ Cdiamne.  “Wahe  padens  Cdethes  RARE padents
(no.) (no.) (na.) {no} (na.) (mao.)
GEP4 57 928 154 B6 502 153 <0,000001
GEP1 57 88.4 154 a4 526 152 <0.000001
GEPS 60 21 153 -] 580 154 <0,000001
HLA-DPE1 53 82.3 153 g9 597 156 0.000001
HLA-DRE1 55 84.0 153 86 57.0 154 0.000001
IRF1 55 24.0 153 a8 53.0 154 0.000001
HLA-DRA 54 819 153 83 551 155 0.000001
HLA-DPAT 56 83.5 153 85 57.5 156 0000002
IFN-y signaling HLA-DRES 50 75.9 153 -] €31 154 0000008
(R-HSA-877300) HLA-CO81 51 6.7 153 28 623 154 0.000070
ICAM1 61 85.9 152 82 571 153 0000078
HLA-DQAT 59 82.7 153 81 573 151 0.000042
ons1 62 85.7 153 83 59.3 153 0.0D00SE
0AS2 &0 82.7 153 a3 603 151 0.000118
IRF8 66 89.0 152 85 620 155 0.000128
WCAM1 74 96.3 153 80 57.7 153 0000175
HLA-DQAZ2 60 81.4 150 26 (1] 154 0.000329
IFI30 62 82.6 150 80 59.4 155 0.000419
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ression (= Low expression (<33%)

Pathway (o] 0 FE‘IE&]IE Dsamd Eﬁﬁd pnl;?:ﬂts P-value*
(no.) (no.) (ne.) [GED] [GE-3) (o)
50 79.4 150 B5 556 154 <0.0000017
85 84.0 153 -] 590 154 0.000001
57 82.1 152 BE 629 155 0000022
&7 91.9 153 -E] 581 151 0000025
IFN-a/f signaling 56 50.8 151 a1 862 153 0.000053
(R-HS5A-909733) 62 85.7 153 a3 593 153 0000056
&0 82.7 133 &3 603 151 0000118
66 89.0 152 B 520 155 0.000128
57 78.8 153 B& 642 153 0.000205
58 883 153 73 527 150 0.000353
{a) PC-1 in men {b) PD-1 in women
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(a) Age<60, all patients

3.4. Survival comparison
according to age. gender;
and immune signaling

(b) Agez60, all patients
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3.6 Genes that significantly impact response to radiotherapy according to
the expression level

» Of the 470 melanoma patients in the » Patients with CR or PR showed more
TCGA database, 117 patients underwent favorable survival than patients with SD
radiotherapy(Table 2). or PD (Fig. 5).

haracteristics (N=T8} (N=39) P value

0,102 ]
10 (12.8%) 9 (23.7%) %
3 (38%) 3 (7.7%) 3

PR H

1{1.3%,) 3 (7.7%)
13 (16.7%) 7 (17.9%)
51(654%) 17 (436%)

» Female and younger patients were mare likely to have a CR or PR after radiotherapy
than those who are male and older patients, respectively (Table 3-4).

Table 3. Response to radiotherapy according to sex in melanoma of the TCGA database
Abbreviations: CR, complete response; PR, partial response; 5D, stable disease; PD, progressive disease
*Pearson’s Chi-squared test

Respense te radiotherapy h?\f_;’:o Agilf-g—SB h?f_?gt P value*

CR or PR 11 (55.0%) 4 (44.4%) 9 (47.4%) 0.834
5D or PD 9 (45.0%) 5 (55.6%) 10 (52.6%)

Table 4. Response to radiotherapy according to age in melanoma of the TCGA database.
Abbreviations: CR. complete tesponse; PR, partial response; 8D, siable disease; PD. progressive disease.
*Pearson's Chi-squared test.

CR or PR 13 (48.1%) 12 (54.5%) 0936
5D or PD 14 (51.9%) 10 (45.5%)
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IGood resEDnse Poor resEDnse |

S
W
147 genes (logFC>1.5 and FDR Q<0.01) =
Pathway annotation

Table 5. Significantly upregulated pathways in melanoma patients with complete response after radiotherapy than those with progressive disease
after radiotherapy in the TOGA database. Abbrevianon: FDR, false discovery rate,

i:im:\i:iaei Pathway name Entities FDR | Submitted entities found
R-HAS- KLKS KRT23,LCEZD:CASP14LIPMPIZKRTEB.CDSMNKRTZKRT 1 KRT79.KR
6805567 4.86E-14  T77.KRT10,LORLCEZBFLGZLCE2ZCKRT17;KRT14;,LCEGA PKP2;DSG1,PKP

Keratinization

1;PKP3;D5C1
i KLK5;KRT23,LCE2D;CASP14,LIPM.PI3:KRTEE,COSN KRTZKRT1,KRTTSKR
s Formation of the 486E-14  T77:KRT10,LORLCE2BFLGZ.LCE2CKRT17:KRT14,LCEGAPKP2:DSGT.PKP
6809371 comified envelope 1.PKP3:DSC
R-HAS- Neutrophil 0035264  GRIAZARGTKRTTHP.MMPO FLG2,SLPLSCNN1B,DSG1,PKP1,APOB,DSC
6798695 degranulation N 1;ELANE;LTFPLINS;S100A7

Table 6. Response to radiotherapy according to neurophil degranulation zignals in melanoma patients of the TOGA database,
Abbreviations: CR. complete response; PR, partial response; 5D, stable disease; PD, progressive disease,
*Pearson’s Chi-squared fest,

e e High r‘IE‘ll;:lZiF:;;ll signals Low net;::psl;T signals “
CR or PR 4 (100.0%) 21 (46.7%) 0.128
SD or PD 0 {0.0%) 24 (53.3%)

Talde 7. Neutrophil degranulation signaling according o sex in melanoma patients of the TCGA database.
*Pearson’s Chi-squared test.

High neutrophil signals 10 (12.8%) 6 (15.4%) 0924
68 (87.2%) 33 (84.6%)

Table 8. Neutrophil degranulation signaling according to age in melanoma patients of the TCGA database.
*Pearson’s Chi-squared rest.

o Tt ‘(sﬁ_years 50‘;%\1 ;rgefrs ,sc_y‘ega}rs P value*

H|gh neutrophil signals 4 (8.5%) 1 (5.3%) 9 (18.49%) 0202

Low neutroph|| signals 43 (91.5%) 18 (94.7%) 40 (81.6%)
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Table 9. Simple and

multiple linear
regressions for the
radiation response in
melanoma patients in
the TCGA database.

-
racteristics : L.
Estimate  Stdemor  Statistic P value
Meutrophil degranulation |

Reference
-1.372 0.695 -1.975 0.054

| Multiple linear regression 1

Estimate Std.error  Statistic P value |

Reference
-0.414 0.625 -0.663 0513

Conclusions

unger female patients
showed upregulated immune-
related signaling (PD-1, IFN-y,
and IFN-&/B) compared to the
older female patients and male
patients, and this upregulation
improved survival in melanema

In melancma, younger women
had a significantly hig
rate than older women and men.

vith CR to radiotherapy
d upregulated neutrophil
degranulation signals than those with
PD to rac

Estimate  Sidemor  Satitic  Poalue Exfimale  Gderor  Hatisic Foeslue
Refarance Falorera
-1.372 BEDS 1975 0054 -ans D625 1563 0513
Refarance
i) (E1] DETD e
0126 DA 0:s o
Refarance
Ha s Ha M
-0 1000 211 o2
Redarance
DR BED3 24T it
0687 BESS 108 e
-1.53% 1414 -0 e
052 [ohp] 13207 0198
1.687 1414 1178 0245
Refarance Falorera
=000 [ ~1a68 LWRT- N 0ae -l o
-DEr CABx 2961 0z -9 oses 2383 ares
1.000 139 omr oerT AT 1352 .06 0556
2000 1027 <1943 0058 -2z 0840 -2971 0039
Refarance Ralereras
1.602 BEE3 2375 ke 14957 D LT (1]
Redarance
0333 o742 D440 0656
0eTs AL 1.050 e )
RiLEE] [ RSy 0080
Refarance
D4l B563 orin 0475
Redarance
0881 2305 1676 010
Refarance Balereras
-1.230 @388 -2 0040 -1.738 o7 -133 0002
~1.23 wam ~igzn 3 -1.337 s -233  DOET
- [irs - LE -nesy oes -8 oz
Refarance
il 3553 ABiEE DETT
1750 1047 161 0106

Therefore, upregulated
immune signaling in

Immune signals can act
and predictive markers in n

as prognostic

younger women may

improve survival in

cutaneous melanoma.
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Identification of COL4A1 as a potential gene conferring trastuzumab
resistance in gastric cancer based on bioinformatics analysis

Identification of COL4A1I as a potential gene
conferring trastuzumab resistance in gastric
cancer based on bioinformatics analysis
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Shanghai East Hospital, Tongji University School of Medicine, Shanghai 200120;
:l)cpnnmcnl of Pharmacy, No. 210 Hospital of PLA, Dalian, Liaoning 116000, PR. China

Received October 13,2017, Accepted February 27, 2018

DOI: 10.3892/mmr.2018.8664

Materials and methods

= Microarray data.

« The gene expression profiles of GSE26899, GSE77346, GSE54129, and GSEG5801 were
obtained from the Gene Expression Omnibus (GEQ; www.ncbi.nlm.nih.gov/geo). In

detail, GSE26899 dataset is consisted of 96 clinical gastric tumor tissues and 12

adjacent normal tissues; GSE77346 dataset is consisted of 1 trastuzumab-sensitive cell
line and 4 trastuzumab-resistant cell lines (12); GSE54129 includes 111 human gastric
cancer tissues and 21 non-cancerous tissues; GSE65801 contains 32 gastric cancer

tissues and 32 paired non-cancerous tissues (13).
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* Processing of microarray data.

+ The raw microarray data files of the datasets downloaded from the GEO
website were subsequently analyzed via using the GEO2R (www.ncbi.nlm.
nih.gov/geo/geo2r/), an online tool comparing two or more groups of
samples in the same experimental setting (14).

« False Discovery Rate (FDR) of P-value adjusted (adj. P) to 0.05 and
[logFC|>1 were set as the cut-off criteria.

- NCBI
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* Functional and pathway enrichment analyses.

» Gene ontology (GO) analysis is a commonly used approach for functional studies with
three ontologies including biological process, molecular function, and cellular
component (15), while Kyoto Encyclopedia of Genes and Genomes (KEGG) is a
knowledge base for the systematic study of gene functions (16).

» To study the functional annotations of differentially expressed genes (DEGs), we next
employed Database for Annotation, Visualization and Integrated Discovery (DAVID,
david.abcc.ncifcrfgov/,) to process the GO and KEGG analyses of DEGs identified in

gastric cancer samples.

DAVID Bioinformatics Resources 6.8

Laboratory of Human Retrovirolegy and Immunoinformatics (LHRI)

Home  Start Analysis

Shortcut tc L ) Tools

= Functional Annotation

B Gene Functional Classification

¥ Gene ID Conversion

Hot Links

= M catl ror papers W

Shortcut to DAVID Teols  Techmical Center  Downioads & APIs  Term of Service  Why DAVID?  About Us

Recornmending: A papsr published in Mature Protocols dewnbes step-by-step procedure to

use DAVID!

Welcome to DAVID 6.8
Search
2003 - 2020 £ What's Important in DAVID?
The Database for Ar Vi and * Qe DAVID
Integrated Discovery (DAVID ) v6.8 compnises a o Dz of Affy Excn and Gene arrsys
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& Discover enriched functional-related gene
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& Cluster redundant annotation terms

& Visualize genes on BicCarta & KEGG
pathway maps

& Display related many-genes-to-mary-terms
on 2-D view,
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o List interacting proteins

& Exnlore cene namas in batch

0
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* Vser's cystomized gane backaground
¢ Enhanced calculating sneed
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%3 04 05 06 0

156



Annotation Summary Results

Current Geme List: List_1
Current Backgraund; Momo sapiens
H Divmane (1 sebacsed]

Catmgories (¥ seleced)

W Fenctional_
R TT e pe——

GOTERM_AF_§ BLI% 308
GOTERM_0P_3 man M|y
GOTEAM 1P 3 Wi
sunERA_Be_a TR
GERH_RF_S eI
GOTERM_fiF_AiL sLIN 208
8 comam_pe_omicr PLI% e
niEam_we_iar mz
GOTERE D1 L
GONERM_CE_2 3
GOIERH_CE_3 s 333
GOTERN_CE_4 LIELE )
GOTEAM_CC 8 LELE
GOTERM DO ALL LSl
B Gorenm_ce_pieier WIS 333
conRm_copar O mas sy
GOTERH_HF_1 LELE
GOTERM_Ar 7 LELEE )
GOTERM_ M3 BLSE E
GOTERM_ME_a Fass W
GOTERM_ME_S sra% s
GOTEAM_ME_ALL LEDE
B onenn e pgecr  Faw 2
GOTERM_E_FAT [YET

W Literature (0 seleciod)
@ Main_Accusssons (0 wdected)

B Pathways (1 selectod)

w0

G wiocania

AEGG_PATHWAY

SEACTOME IPATHWA
@ Protesn_Domains ( o)

B Protein_Lnteractions (0 selectd]
B Tissoe_Expression (@ sclected)

Functional Annotation Chart

Hsio ard Vienu
Hein and Teol Mansal
336 DAVID IDs 8 Bowrilcod File
Chack Dalailts Colar Al —_
i I
sk bR A - s
[en——— wit
st patsbis e an
Char reerrEnp— a1
| T USSR  w— o
Trar > [T e —— [
GATIH B HMICT  gliaiionn e mrncess asd
Coharl oy DT R — e
Charl AT I RNICT ot kel L
T e pa——
EUU————— P T e —
Gran f T ————
Crant CATRMN M Exisol ae
T ge— 1 13w ama
Chail
TR T AR e 1 e Am A
Car [T AT AN A
o —————————————————————
Ll 8 [
Chart CTaCEIL Tt SO
Can Mmum =
Cran I Tactor bnding
R ] g lpvkeid 2 4 8 W
=, =
Cher G vl —————
Chan
[T e — =
Cran Wancalsbrr —
Chan Log, lvaluel 0 £ w18
——— e
| o _ﬂ-m
Crhoart - —
[=FT
" [er————
dog, fpwaleel 8 5 40 45 =
Functional Annotation Chart
b et Uy
Camiomt Sane Listi st
R Ui Cions || Gt
— 20 chinet recande S ke Fike
(& R Chst | -
1Ha% Chart | S —
-
CEN LT | —— ™ J
Mok 170 O | —— cumnaM et st scee wE W ams
c as rwn Pt avtaounes L . s 3363
S02% 19e | — PO Mo ntan oo o w2
aze wnan P st s s e L . a2 1wy
o M o w s . “ i
s pnmn e Sazmcns LT : TR T
aca e e s T . 0 ama ame
it panvw e — W i ' “ 1
asc_senmn Jesma semtes L ' " oy
s morwm [ p— L ) i -
i s Cruconm st macacen cae LT . [+ e
os v el ot Ksme s oo ‘ 2 .
won v ned s B L ] iy P
R oo catutnine o o ) “ ear
o0 prrmaw i eata LI ' “ Tt

s mivam

[ERmpR——

157



* Protein-protein interaction (PPI) network construction and module analysis.

* The Search Tool for the Retrieval of Interacting Genes (STRING), an online database
{strmg-db.orgo} designed to evaluate PPl information, covers 9,643,763 proteins from
more than 2,000 organisms, which was used to construct the PPIL

+ To evaluate the interactive associations of DEGs identified from GSE26899, we mapped
these DEGs to the STRING (version 10.5) database. Confidence score >0.4 was selected
as significant. PPl networks were constructed by STRING and visualized by Cytoscape.

* Subsequently, the plug-in Molecular Complex Detection (MCODE) was employed to
screen the modules of PPl networks in Cytoscape with the thresheld set as follows:
MCODE scares >10.

[Fesan e
M STRING o STR'NG Search Download Help My Data

i STRING
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Cytoscape

« Cytoscape Lf geneMANIA A&

{ .Cytoscape

= Survival analysis of collagen type IV al chain (COL4AT).

« To evaluate the association between COL4A1 level and its clinical outcomes,
Kaplan-Meier plotter (KM plotter; www. kmplot.com), an online survival analysis tool,
was performed.

» KM plotter is capable of assessing the effect of 54,675 genes on overall survival via
using 10,188 cancer samples including 4,142 breast, 1,648 ovarian, 2,437 lung, and
1,065 gastric cancer patients (17).

+ Patients with gastric cancer were separated into high- and low-expression grouﬁs
according to the level of COL4A1, and the overall survival was then analyzed. The
hazard ratio (HR) with 95% confidence intervals and log rank P-value were calculated.
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= GeneMANIA, an online tool (www.genemania.org/), can be used to generate
hypotheses of gene function, analyze gene lists, and prioritize genes for functional

assays (18).

» After selecting Homo sapiens from the nine optional organisms, COL4A1 was entered

into the search bar and the results were then collected. Annotation of biological
processes involving COL4A1 was performed by consulting the Coremine Medical

online database (www.coremine.com/medical/).
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» Prediction of miRMNAs.

+ To predict the miRNAs targeting the mRNA of COL4AT, miRWalk (version 2.0, zmfumm.
uni-heidelberg.de/apps/zmf/mirwalk2/), an online platform supplying information about
predicted and experimentally validated miRNA-target interactions, was then employed (19).

« Herein, nine prediction programs (miRWalk, miRanda, miRDB, miRNAMap, Pictar2, PITA, RNAZ22Z,
RMAhybrid and Targetscan) were selected. These predicted miRNAs were then overlapped by at
least seven programs, and selected for further analysis.

» Pathway enrichment analysis of these miRNAs was performed by using the DIANA-mirPath web
server (snf-515788.vm.okeanos.grnet.gr/index.php?r=mirpath) (20).

Gene 1282 s predicted to be targeted by 227 miRNAs in miRDB,

Target] Tanger | Target T
Gacall| Rask | Sicorn | WNARmS |Gene dyvabelGess Desaiption
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Appendix

Hyemin Gu

202012 17
Appendix: Classification of entire data in GDC portal by filetypes

1 X} =F: Data Category 2 A} &%F: Data Type 3 Xt &= F: Experiment Stratagy='"RNA-
Seq’

*H A|l= TCGAbiolinks 0| A{ X|2S}= Data Category ### Harmonized database cf)

TCGAbiolinks Ol A| X| &St Experiment Stratagy: WXS, RNA-Seq, miRNA-Seq,
Genotyping Array

e simple nucleotide variation *
- Annotated Somatic Mutation
e Raw Simple Somatic Mutation
e  Masked Annotated Somatic Mutation
e  Aggregated Somatic Mutation
e  Masked Somatic Mutation
e  copy number variation *
- Gene Level Copy Number Scores
Copy Number Segment
Masked Copy Number Segment
Gene Level Copy Number
Allele-specific Copy Number Segment
e transcriptome profiling *
- Gene Expression Quantification
e RNA-Seq
- Isoform Expression Quantification
- miRNA Expression Quantification
- Splice Junction Quantification
e RNA-Seq
e sequencing reads *
- Aligned Reads
e RNA-Seq
e  Dbiospecimen *
- Slide Image
-  Biospecimen Supplement
e clinical *
- Clinical Supplement
e dna methylation *
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- Methylation Beta Value
somatic structural variation

- Transcript Fusion

- Structural Rearrangement
structural variation

- Transcript Fusion

e RNA-Seq

combined nucleotide variation

- Raw CGI Variant

Legacy archive

cf) TCGAbiolinks Ol A| X|-2S}= Experiment Stratagy: WXS, RNA-Seq, miRNA-Seq,
Genotyping Array, DNA-Seq, Methylation array, Protein expression array, WXS,CGH

array, VALIDATION, Gene expression array,WGS, MSI-Mono-Dinucleotide Assay, miRNA

expression array, Mixed strategies, AMPLICON, Exon array, Total RNA-Seq, Capillary

sequencing, Bisulfite-Seq

Copy number variation *
-  Copy number segmentation
-  Copy number estimate
- Normalized copy numbers
- Copy number variation
- Copy number QC metrics
- LOH
Gene expression *
- Gene expression quantification
e RNA-Seq
e (Gene expression array
- miRNA gene quantification
- miRNA isoform quantification
- Isoform expression quantification
e RNA-Seq
- Exon quantification
e RNA-Seq
- Exon junction quantification
e RNA-Seq
- rtPCR quantification
- Gene expression summary
e (Gene expression array
Raw microarray data *
- Raw intensities
e  Protein expression array
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e  (Gene expression array
- Normalized intensities
e  (Gene expression array
- CGHarray QC
- Intensities
e  Protein expression array
*  (Gene expression array
- Intensities LogRatio
- Methylation array QC metrics
e Raw sequencing data *
- Aligned reads
e RNA-Seq
- Coverage WIG
- Unaligned reads
e RNA-Seq
- Sequencing tag
e RNA-Seq
Sequencing tag counts
e RNA-Seq
e  Simple nucleotide variation *
- Simple nucleotide variation
e RNA-Seq
- Genotypes
- Simple somatic mutation
e  (linical *

- Tissue slide image
- Diagnostic image
- Clinical Supplement
- Pathology report
- Clinical data
-  Biospecimen data
e  DNA methylation *
- Methylation beta value
- Bisulfite sequence alignment
-  Methylation percentage
e Biospecimen *
-  Biospecimen Supplement
e Other
- Microsatellite instability
- Auxiliary test
- ABIsequence trace
e  Protein expression *
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- Protein expression quantification
e  Protein expression array
Archive
-  TCGA DCC Archive
Structural rearrangement
- Structural variation
e RNA-Seq
Processed microarray data
- Processed intensities
e  (Gene expression array
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