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Gene Ontology (ERAARIE) BT

* Gene Ontology (GO) R2—1MHAMERFIE ZEMNMRAER, SHi=ft—ERELIEIK
WAERNELARAEARTNTIE. BNEEE—IEEN. IEMELR, MNE—MirEdin
KERERMESRNER. GORERMEBRNINED I =1EENREFILES:

« 1. /3 FIhsE (Molecular Function, MF) @ fERBENERES~Y (MEHRIRNA) S EEESWEDF
K FRSERD, Blan AR S EiaEANEN .

« 2. PEZE4> (Cellular Component, CC) : #HRAEFFMEMBERNNAE, WMENK. ZBEERF

* 3. &I (Biological Process, BP) : f#RZ NN FAMDBESTMNEYFIRE, WESES
(A0 BUR

* GOMBPMAREEE —THE—MIRIRFT (GO ID) MBI, FEHESARFPRHWHMAERTEXNIXEM
&, XEXRTPLE is_a"s"part_of", 2T — P HEILIHRE (DAG) HEM. GCOEREZFER ™
PECOMEBEHRBENERE, XN TEBERNNEMETERAREASTEREE. COEBENERT]
UATZfoth, BREEASRESEST, XE—MEirnE ATREA—AERPHBEGOR
BENHMERES THEYE, MmErERENEYFIEE.
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www.geneontology.org

&< O (%) https://www.geneontology.org ALy & (8
GENUE'(&'E:;Q,;OGY About Ontology Annotations Downloads Help » f (] @ AI:LIANC

Current release 2024-09-08: 40,939 GO terms | 7,894,411 annotations
1,573,444 gene products | 5,426 species (see statistics)

THE GENE ONTOLOGY/RESCRIRE E
GO Enrichment Analysis @

The mission of the GO Consortium is to develop a comprehensive, computational model of biological systems, ranging Powered by PANTHER
from the molecular to the organism level, across the multiplicity of species in the tree of life.

The Gene Ontology (GO) knowledgebase is the world’s largest source of information on the functions of genes. This
knowledge is both human-readable and machine-readable, and is a foundation for computational analysis of large-

scale molecular biology and genetics experiments in biomedical research.

biological process

(o}
Homo sapiens Examples  Launch >

© Any ® Ontology ® Gene Product

Hint: can use UniProt ID/AC, Gene Name, Gene Symbols, MOD IDs

Ubiquitin-protein
ligase activity
GO0004842
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KEGG (https://www.kegg.jp)

>|.

* KEGG (Kyoto Encyclopedia of Genes and Genomes, THH#ERERSE
RAERER) 2 MESHIREAR, ErMﬁ Y14 T oK
T EEFIEMEMARKHNEE AIJJ‘H‘WFDJ Flan4mpe . £ME
%Df—ﬁ%\dbo KEGG PATHWAY ;£KEGG i?}%ﬁmﬂ_ﬁ ZHEREHF EII]

By, CaSTABBMMFARRECAWRXR, BTN
£ HEIRE, RERERETRE. KBEaTR. TR, ;_%
/?\/JL, Axﬁf—?ﬂ] Z'Jq:%j—' Zli

l‘r




&~ O () https://www.genome.jp/kegg/pathway.html

KEGG Databases Tools Auto annotation Kanehisa Lab

KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions and relations

KEGG2 PATHWAY BRITE MODULE KO GENES COMPOUND NETWORK DISEASE DRUG

Select prefix Enter keywords
|map || Organism ‘ ‘ || Go ‘ Help

[ New pathway maps | Update history ]
Pathway Maps

KEGG PATHWAY is a collection of manually drawn pathway maps representing our knowledge of the molecular interaction,
reaction and relation networks for:

1. Metabolism
Global/overview Carbohydrate Energy Lipid Nucleotide Amino acid Other amino Glycan
Cofactor/vitamin Terpenocid/PK Other secondary metabolite Xenobiotics Chemical structure

. Genetic Information Processing

. Environmental Information Processing

. Cellular Processes

. Organismal Systems

. Human Diseases

. Drug Development

N oUW

The pathway map viewer linked from this page is a part of KEGG Web Apps and contains features of KEGG mapping.
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Histamine

. O Immediate reaction
T cell receptor Cell adhesion LTC4
signaling pathway molecules o %?nchospasm
ema
Mast cell LTD4 Airflow obstruction
O
PGD2
Bronchus
APC THO cell
Antigen processing
and presentation
MBP
ECP Late reaction

Airway inflammation
Airflow obstruction
Airway hyperresponsiveness

O
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Eotaxi o
_(Lung) Sl S LTD4
Epithelial cells osinophi o
Smooth muscle cells PAF

Fibroblasts
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Enzyme-enzyme relations Objects Ep-ER % F g
two i gene product, mostly M A A i o . , .
PESotion 6808 ] protein butincluding RNA — 00— o . [ ] sm= 4, 1228a, 28I5RNA
chemical compound, o fe g 4h, DNAF= & 14 F

Gene expression relations DMNA and other molecule EHEREL

o
[ F»o»[ ] exression (:] map [ F»o»[1 %= (:] ¢
[ o] repression [ o] s

| |« ] | expression Arrows [ |-« | Rk &
N N |"|1 i . . - N
I |« Al I roprasion —  molecular interaction or relation I < Al | ke — STHIEEHAEX
Protein-protein interactions — link to/ffrom another map Eh-EatEin — GEAE T B Pl gk A AL B il sEsEiE AT £
I I +p_y I phoaphonylation ===p indirect link or unknown reaction I I sp I A ———p fliEtiz R AL E
. —A  missing interaction by mutation, etc. . s — P HIFTETEsiEILAR
I | — |  dephosphorylation . [ R | s
. ——> Qg stuctute link or 3 > I5Ah s AR R SR T A e 1M 6 45 8
[ - | ubiquitination polnter used to add legend | | &k
| [ w |  deubiquitination | [ | #32#w
| < | giycosylation Red coloring in disease pathway maps | s | - o i 25 I P 6 fr
| | tm ] methylation disease associated gene varants | |t | e EEHAMER TR
I |_""| I activation I I > I L
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BRI

« BE24 (Enrichment Analysis) —FRIT777A, ATHEE—HRXEBNERN. ERMREHMEE
MEYDFH, BEEYFER. DFIERIAREAN (WGORE) BEMIERESEE

* BRI EESRES:

1L EXBABHNERR: XBEELRIEFEZZTMNER, LESREBEEMNEDFZIEEFNER
2. EFZFERAE XEEBNMERASEAREANETRE ATSRXENEREHTIER

3. RFEE LG IR : BRNIERFEE/LESWMI. R7tek. FisheriFiakieF

4. HHERE: XERXBNERNETHEXRINERNNSSHZERNETIZEFEREHILLH

5. ABZEILR. HBTEENMMBEESRZMEN, AFRAESELRINETIREAME, B
K775 B $EBonferronif1E. FDR (False Discovery Rate) I5fH%E

6. BRER. NDIMMEEANFEIRERNEXIIEEEE X THRTERETENEDNFEX
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RALERE (GO, Pathwayid )

# BEA
.. # options(BioC mirror="https://mirrors.tuna.tsinghua.edu.cn/bioconductor")
f’%—z # BlocManager::install('org.Hs.eg.db') # human
# BiocManager::install('org.Mm.eg.db') # mouse
# BiocManager::install('org.Rn.eg.db') # rat
. # HNEHRE
j]l:l?_a( library(clusterProfiler) # INEEE&EDIT
library(org.Hs.eg.db) # MEEFTFEIRE
REJ library(enrichplot) # ERERITINL
library(ggplot2) # =H
library(topG0) # DAGIZEE 4 gol.xt

1 110
1 [symbols

=+
15RHL # 1EMEREFtxt  /’ 3 CFTRe
% data = read.table( )

, header=T, quote= 3 CD99L

ﬁui,% deg genes = data$symbol 4 TMEM98)
5 GTF2IRD 1+
# fFsymbol¥ flientrezid 6| RHBDF1+
s gene symbol <- bitr(deg genes, #E>EHIEREE VORPSAF Sp s
%% fromType= , #HEAIDRIEER > head( Svmbol
£ toType=c ), #EHIDEXE, TWHEA e
0rgbb= ) #RERRIRE .

CFTR
cD9%9
TMEM98
GTF2IRD1
RHBDF1
CDKLS

gene <- gene symbol[, 2]
# HEEESR

\ 4

1
2
3
4
5
6




# BEMT
S HBP
BP <- enrichGO(gene = gene, #IML[FEFIE ($RAIID)
keyType = "ENTREZID", #REMEFEIDZEE, B\ WENTREZID

:{:% GZRSE
= wrrte table(BP@result, file='BP.txt',

# SEHE
pdf ("BP.dot.

OrgDb=org.Hs.eqg.db, #¥# R Forgd

ont = "BP", - # BPE%#EE

pvalueCutoff = 1, #pEH{E

pAdjustMethod = "fdr", #&ZZRiEHEBITERTR
minGSSize = 10,  #HEFHG/DEERE, Bilh10
maxGSSize = 500, #EFREFALELE, BAH500
qvalueCutoff = 1, #qlEH{E

readable = TRUE) #EHEIDFAHERESE

sep="\t',

pdf", width=8, height=6)

=8 .dotplc-t(BP #OEENTER

X = "GeneRatio", #MA4%, BlikGeneRatio , WO A Count

color = "p.adjust", # BHILHE, Bihp.adjust, T pvalueFigvalue

showCategory = 20, # Ere/207=. BilA10

label format = 100, # f 28T

size = NULL, # =B

title = "BP dotplot" # wBEEFHBRH

) c(‘terml’, ‘term2’, ‘term3’) # F T Hkix
dev.off()

row.names=F, quote=F)

U!D'II-FI-WMH
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18903 | HIREFEHERY (BF) Fih £ -
ALz, A

48 WMAERE N XEEPHERK . ~

" / £
313 | RFETHERL _

— Enrichment Score
-log 1%'

A B | ¢ | » | B F | 6 | H | 1
1D Description GeneRatiBgRatio pvalue p.adjustgqvalue geneID Count
|G0:0060485 mesenchyme develop 48/765  313/1890: 1. 47E-15 7. 32E-12 5. 62E-12 ISL1/IGF 48
|G0: 0048568 embryonic organ de 57/765  449/1890:1.65E-14 3.85E-11 2. 96E-11 KITLG/PR a7
|G0:0048762 mesenchymal cell d41/765 252/1890:2.32E-14 3. 85E-11 2. 96E-11 ISL1/IGF 41
|G0:0001763 morphogenesis of a34/765  203/1890: 1. 68E-12 2. 09E-09 1. 61E-09 PRDM1/AB 34
|G0:0048562 embryonic organ mo 41/765  294/1890: 4.3E-12 3.52E-09 2. 7E-09 ITGAS/ME 41

75
O%HID O%B&=F P, ®IEp, q%iit{E ﬁﬁ:%é
*BER/ERER ERHER
Rich factor
BEEER/MANER
tbiE
BP_dotplot
embryonic organ development .
cell-cell signaling by wnt [ ] Count
mesenchyme development . P
uragenital system development [ ] ® o
cell-substrate adhesion . . .
‘ ran_al system develcpms.nl [ ] Q-
resncryal sttt o o
embryonic organ morphogenesis ® .

regulation of cell morphogenesis [ ] padjust

1K E Q/\! external encapsulating 51:::;‘!: :;3:]:5:::2 .. I‘mcu

extracellular matrix organization [ ] o068

extracellular structure organization [ ]
negative regulation of cell adhesion [ ]
heart morphogenesis .
morphagenesis of a branching structure [ ]
morphogenesis of a branching epithelium l I I I —h_
g XEHZ AR



Bar[&

Cnetf]

DAG

barplot(BP, #GOEETITHR
x-= "Count",
color = "p.adjust",
showCategory = 20,
label format = 100,
size = NULL,
title = "BP barplot"
)

dev.off()

#1844 4F , Bl Count, M.AT UL} GeneRation

#HE AT, Bihp . adjust, A LA A pvaluefigvalue
#RETHI207, B D100

# S ERIT

#REE R RS

# ZHGOEETITHIMEEE
pdf('BP.cnet.pdf', width=8, height=6)
cnetplot(BP,
showCategory = 5,
foldChange = NULL, # color.params = list(foldChange = your value)
node label = "all") BATlog2fchf, EFEmIRIElog2fc &
dev.off()

# #2HIDAGH

BP_barplot

mesenchyme deveiopment |
embryonic organ development |
mesenchymal cell differentiation _
morphogenesis of a branching structure | [ NRNGTNNG_G_
embryonic organ morphogenesis | RN
urogenital system development | |
heart morphogenesis 4 _
cell-substrate adhesion - _ p.adjust
renal system develcpment | |
morphogenesis of a branching epithelium 1 _ 2¢-08
regulation of cell morphogenesis | [ NG de03
positive regulation of MAPK cascade{ (NN
Wt signaiing patrway | [ e
cell-cell signaling by wnt -
external encapsulating structure organization _
epithelial tube marphogenesis | N
kidney development _
extacellar matrixcrganizaon |
extracellular structure organization | [ NGTGTNGINGNGEGE
negative regulation of cell adhesion | | N R RNRRBME-MENEEN
0 20 40
GCount
GLIPR2 BAMBI GATA5- SEMA6D
k. 7 EPHA4
TIAM1  “HAS2 FLNA CDH2
FERMT2 SEMABC" DAB2
SMAD7 \GF1 /
ZNF750 MSx2 DAG1
RBM24\S§MA§wsenchymal ce’I:I differenBMB2% by ~s FOXD1
MDM4 ISLT  mesenchyme development ~ SPRY1 x4
SRC
/ P4 LRRK2 size
KITLG 2 kA3 nglzf)\ TBX3_GDNF ADAMTS16— @ 1
PITX2
FOXF2 SPRY2 3 COL4A1 @ »
HAND2FR2'\|;SX\1MEFZC NOG »-morpYABinesis of a branchinPEXNAlre @ a0
b =g
APLNR SRY TBX2 FOXF1 LAMA1 ABLY @«
: ' MMP14, SPINT2 @~
HOXB5 embryonic organ;morphogenesis ) ADM
» e\ PRDM1
HOxB6 TFAP2A 2 = FZD5 SALL1
EPHB2 _ DLLEmbryonic organ development SPINT1 RSPO3
ITGAS (OsR2 SHOX2 socs3
IFT14017 7 o HLX igsxi
BCR *~HOXB4 THOC5
PDGFRA-GRHL3 SOX17sALDH1A3
Hoxgg-FoN2 ~FBXW8
GATA2 HOXB3 EN1
KRT19GATA1

pdf('BP.dag.pdf', width=8, height=8)

plotGOgraph (BP, #¥iitienrichG0TgseGORIH MAFE (S KT FE )
firstSigNodes = 10, #EE4® =681, Bhil10

useInfo = "all",
sigForAll = T, #2&TEHAE P aEscore/p-value
useFullNames = T, #Z2&FH2

)
dev.off()
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RALERE (GO, Pathwayid )

# BEA
.. # options(BioC mirror="https://mirrors.tuna.tsinghua.edu.cn/bioconductor")
f’%—z # BlocManager::install('org.Hs.eg.db') # human
# BiocManager::install('org.Mm.eg.db') # mouse
# BiocManager::install('org.Rn.eg.db') # rat
. # HNEHRE
j]l:l?_a( library(clusterProfiler) # INEEE&EDIT
library(org.Hs.eg.db) # MEEFTFEIRE
REJ library(enrichplot) # ERERITINL
library(ggplot2) # =H
library(topG0) # DAGIZEE 4 gol.xt

1 110
1 [symbols

=+
15RHL # 1EMEREFtxt  /’ 3 CFTRe
% data = read.table( )

, header=T, quote= 3 CD99L

ﬁui,% deg genes = data$symbol 4 TMEM98)
5 GTF2IRD 1+
# fFsymbol¥ flientrezid 6| RHBDF1+
s gene symbol <- bitr(deg genes, #E>EHIEREE VORPSAF Sp s
%% fromType= , #HEAIDRIEER > head( Svmbol
£ toType=c ), #EHIDEXE, TWHEA e
0rgbb= ) #RERRIRE .

CFTR
cD9%9
TMEM98
GTF2IRD1
RHBDF1
CDKLS

gene <- gene symbol[, 2]
# HEEESR

\ 4

1
2
3
4
5
6
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== A — >
Pathway@d =41 (5GOZ1ML
# R4.3+ TN HEEIEKEGG.db
# remotes:install_github("YulLab-SMU/createKEGGdb")

library(createKEGGdb)

A KEGG species <-c('hsa’,)mmu’,'mo’)

KEGG<- enrichKEGG(gene = gene, #EFHTIE (FGO) )
organism = "hsa", #¥# create_kegg_db(species)
keyType = "kegg"', #HEEMEFEIDEE, BlikHkegg # O] DU AR & B AR

minGSSize = 10,

naxcssize = 500, install.packages("KEGG.db_1.0.tar.gz", type="source")

pvalueCutoff =

pAdjustMethod = "fdr",

gvalueCutoff = 1, use_internal_dataZ#{ L= R

use_internal data = TRUE # {FHAHKEGG.dbE

)

‘ (A HKEGG.dbJE) TR, KR EH
KEGG <- setReadable(KEGG, OrgDb = org.Hs.eq.db, keyType="ENTREZID") # HentrezidiHisymbol (gﬂ:%'f%:}'#x@:)
# INER{FERAAMKEGG. dbE ¥ ST (i ER G Eie
#all_path = as.data.frame(KEGG.db: :KEGGPATHID2NAME) 5 (EanEGG) *HT;%%E (E[EBI’&EII?EX E{;LX_.
#KEGG@result$Description = all path$path_name[match (KEGG@result$ID, all path$path_id)] ii/\) Jﬁugl)_ﬁ/kﬂl‘], xol ARE
FJI:KZ__

# SHER
write.table(KEGG@result, file="KEGG.txt', sep='\t', row.names=F, quote=F)

¢ B ERAMAR, 1 EXFA

pdf('KEGG.dot,pdf', width= 6 height=6) A~ IS =B,
dotplot (KEGG, #Go*:% P & descriptionF| 22 1Y
X = "Gene F~1‘tl , #1‘%:1:19?,?jﬁi)\GeneRatio,ﬂﬂL‘/’ﬁﬂCOUﬂt
color = "p.adjust”, #GHLAT,Bikp.adjust, L, Hpvaluefigvalue

showCategory = 20, #ETE207=. Bilhie
label format = 100, # FE#iT
size = NULL, #= B8]
title = "KEGG dotplot" #iFEEkR HITH
)
dev.off()
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Pathview s N &

# TR
# BiocManager::install("pathview")

# HAR
library(pathview)
options(bitmapType='cairo')

# T -
data = read.table('test.txt',header=TRUE, row.names=1,sep="1",check.names = FALSE,quote = "")

# BRI T3, HazE

pv.out <- pathview(gene.data = data, pathway.id = "04062", # pathway id

species="hsa", #

out.suffix = "weishengxin", # #WHEXHFEEE

limit=1list(gene=c(-8, 8)), # colorbarf)iaMH

kegg.native = T,

low = list(gene = "#00ff00"), mid =list(gene = "#acacac"), high = list(gene = "#ff0000")) # WEA®

https://www. genome. jp/dbget—bin/www bget?pathway+hsa04064

A | B
1 'hsa04084 log2fc
2 3553 -4.40927
3 14067 -3.6447
4 17189 -4.09347
5 8737 -2.07215
6 329 -3.91764
7 11540 -4.52864
8 8600 -4.24196
9 3551 -5.82876
10 |597 5.182839
11 |7412 2488494
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https://www.genome.jp/dbget-bin/www_bget?pathway+hsa04064
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MM E ST

* agriGOv2 (1E4%):. https://systemsbiology.cau.edu.cn/agriGOv2/)
e Worm (Zx 3 : https.//wormbase.org/tools/enrichment/tea/tea.cqi)

KOBAS (http://bioinfo.org/kobas, R
nttps://www.blilibili.com/video/BV15c41137Du/)

DAVID (https://david.ncifcrf.gov)
Enrichr (https://maayanlab.cloud/Enrichr)

Panther (https://www.pantherdb.org)



https://systemsbiology.cau.edu.cn/agriGOv2/
https://wormbase.org/tools/enrichment/tea/tea.cgi
http://bioinfo.org/kobas
https://www.bilibili.com/video/BV15c41137Du/
https://david.ncifcrf.gov/
https://maayanlab.cloud/Enrichr
https://www.pantherdb.org/
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PR (B CESTRXH

I
N———

1 TCEANC? G0 : 0005634 1 G0:0006396 —RNA processing —biological process

2 TCEANC?Z -G0: 0006351 2 G0:0005730@ nucleolus——cellular component

3 MEX3A- - GD:0003676 3 G0:0005634 - nucleus cellular component

4 MEX3A- - GD:0003723 4 G0:0006351 DNA-templated transcription biological process
5 MEX3A- - GOD:0046872 5 G0:0003676 —nucleic acid binding molecular function

6 MEX3A - GO: 0005634 6 G0:0003723 —RNA binding molecular function

7 MEX3A- - GD:0005737 7 G0:0046872 —metal ion binding——molecular function

8 MEX3A- - GD:0005829 8 G0:0005737 —cytoplasm—— cellular component

g MEX3A- - GD:00009372 9 G0:0005829 — cytosol cellular component

10 U6 GO: 0000244 10 G0:0000932 — P-body - cellular component

11 U6 G0:0000353
12 U6 G0:0046540 .
13 U6 G0:0030621 GOID - &=
14 U6 G0:0005688
15 ULl G0:0030627

&Eiég_ﬁﬁﬁﬁéﬁi, go_rich <- enricher(gene = gene_select, |
TERM2GENE = go_anno|c('ID",'gene_id")],
EA-GOID TERM2NAME = go_anno|c('ID",'Description’)],

pvalueCutoff = 1,
pAdjustMethod = 'BH',
gvalueCutoff = 1,
mMIinGSSize = 10,
mMaxGSSize = 200)
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* Bx,

EHER, LA

20

BB, A~AK—+E (fisher, BJLA, THZ)
c BEREA FEE—MH
« BRXHRE B F B IE

BP <- enrichGO(gene = gene, ##L[E7IE (¥4RH1D)

keyType = "ENTREZID", #EEREEIDEE, BIANENTREZID
OrgDb=org.Hs.eg.db, #¥#h3tEHorga

ont = "BP", # BPEPFEITIE

pvalueCutoff = 1, #pEHE

pAdjustMethod = "fdr", #ZEREHBBXEHR

minGSSize = 10, #ERMR/DEERE, Bilh1oe

maxGSSize = 500, #EITWMBALKEE, BiAH500
gvalueCutoff = 1, #qEFHE

readable = TRUE) #EFEIDEMANEES

mMaxGSSizeFIA500, XFFHEIIS00 M EFEREEH
clusterprofiler BB X418, TmmetascaperxH BR

HRE %

metascape

ME(S
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clusterProfiler
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