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o ERARBFTEHIE

RERASFEMEERRER, EARASFMIPLEERENKENE. ENNFENDT. UEREEHREM. REEENRER
NERANEFER: HABRERERLN, MSLEREEMEE, JEELNEFIEASMNEEE.

ISR RADIRIRE LFEAAFERBIMITRE: BEEE)N LFIEA vs LA TERE) . REESZ (REELTE
BoEARAZNE) . FLLBE E bulk RNA-seq BWRZZWAINER, EMMENSITRIIERE,

AERRIZFARIEHIEE 2 M MaxQuant, FragPipe. DIA-NN. Spectronaut %5 T B4MEHF, fSE2—MHiEBES LFQ
EESE=ER

— T B ABEMNAEFF

281R 20 MHEARR) MaxQuant proteinGroups.txt 3§ DIA-NN report.pg matrix.tsv , MIXBE|—KESHIEXNESR
EHER, AREE:

B BRI ERIA

ERRBR ERREHR. REE. X1 KRAINER R, dplyr

RSB BITEAREED T naniar, VIM

ERR BN SEERSRE MinProb, KNN. DEP

3—1 AU | PAIEXSTT DEP. limma Y normalizeBetweenArrays
R AR E PCA. HAMHEXM ggplot2. ComplexHeatmap
EZREBDN EZREBAR limma, DEP. MSstats

IHREE & GO. Reactome. pathway &R clusterProfiler, ReactomePA
HEERSM% EH-EREFE STRING. Cytoscape

MaxQuant ] FragPipe 2 DDA B EiRi%+E, DIA-NN # Spectronaut E @ DIA LI8, WMBIFENERREFERLE
=%, BERENEROITNEED TR,

BRIAE%

SOME—ER, limma MATRRERE, EACHEEE)N BEX, BERAESENIWIRITFERY. per £
limma 2 EBT -—BESERANKERRE, SEWFEE.
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FirER I8 BITHIE
[RiaEIEL IR MaxQuant. FragPipe. DIA-NN. Spectronaut GUI [ bash
BARIEEN MSnbase. QFeatures, DEP R
FRIC(ELLIE DEP. imputeLCMD R

E5 o limma., DEP. MSstats R
IheEeERE clusterProfiler, ReactomePA R
EREME STRING WT1. STRINGdb. Cytoscape R/ M
AL ggplot2. ComplexHeatmap. EnhancedVolcano R

HEATHRIES
BEAANATFRELRRAD, ENTIMNOEEEASBHLS

RS KA ES A0

PRIDE ##E% EMFUETNE HWEIXBECERIB/ER PRIDE

MassIVE HT BB JEEMRNE MassIVE

DEP £ ubiLength 8 FARZRMLI EFOMRNNIIEE DEP Bioconductor
CPTAC RESHAS + RE SHPBEEHS] CPTAC

bEp EEHH Ubirength IER Hela METRLBIEMZRNASLR, 8 MEE, A% 2700 MEA, MEABR
¥, TEHORIMITHETFE,

= UG bl S

RERABET per BEFNEIHE. RERFEGEEERKIETRTMA: "EA > TIE > 13—t > & > 250 > Tl
" —5HER:
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https://www.ebi.ac.uk/pride/
https://massive.ucsd.edu/
https://bioconductor.org/packages/DEP/
https://proteomics.cancer.gov/programs/cptac
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HIEEFEME K AWE,
(3

EXNMEER/ABUERRER: #EADEES. NEERMAEE,

ARLIED

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

BiocManager::install("DEP")

library (DEP)

# BFESIHUE: UbilLength MaxQuant Z5R
data <- UbiLength

experimental design <- UbiLength_ ExpDesign

# jak: BMRERER. RAELE. X 1 REENER

data_unique <- make_unique(data, "Gene.names", "Protein.IDs", delim = ";")

data_se <- make_se(data_unique, grep("LFQ.", colnames(data_unique)), experimental design)

TR SEELPTW AR
data filt <- filter missval(data_se, thr = 0)

# J3—1t + BRK(ERRH
data_norm <- normalize vsn(data_ filt)

data_imp <- impute(data_norm, fun = "MinProb", g = 0.01)

FoOH (limma f5ik)
data_diff <- test_diff(data_imp, type = "control", control = "Ctrl")
dep <- add_rejections(data diff, alpha = 0.05, lfc = 1)

# KWE

plot_volcano(dep, contrast = "Ubi6_vs Ctrl", label size = 2, add names = TRUE)
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04 AL XLE, RESERERE
05 limma E#%iE&R (FF DEP 8%)
06 DIA ¥iERISMIEEF

07 STRING 5EHEEMNLE

08 ERBSEAHRKEDH

BRI 01-04 EL%, 8 TRRT—MAEREN R M,
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HEFRIEAR

o ‘EFEEMH: R. Python. Bash #I]i&12
o REUEFEIES ggplot2 A1
e bulk RNA-seq SEEHFE (EROTERBERSHESR)

SERR

o DEP Bioconductor 3%
e limma AP

e MaxQuant EA XY

* FragPipe

e DIA-NN

e PRIDE Archive

e STRING #UEE
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/programming-basics/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/r-ggplot2/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/bulk-rnaseq/overview/index.html
https://bioconductor.org/packages/release/bioc/vignettes/DEP/inst/doc/DEP.html
https://bioconductor.org/packages/release/bioc/vignettes/limma/inst/doc/usersguide.pdf
https://www.maxquant.org/
https://fragpipe.nesvilab.org/
https://github.com/vdemichev/DiaNN
https://www.ebi.ac.uk/pride/
https://string-db.org/
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o2 RIGHGRRS LINIRIT

R—ENETRILEEENFHEREL N ZA, SREBER"FLEINRMFLABANR. 8 IIRRMTA. ZTRIRITEA

MBI DR

B iR AT =

FERRAFNRBEIERZRENTHN crav [ .memn X, XEXHFEZTHIEEFELR (DDA) HEIEEELA (DIA)
ZREFIEALENEELER, ERANGETR:

=
MaxQuant
FragPipe
DIA-NN

Spectronaut

EH
DDA
DDA
DIA

DIA

it
proteinGroups.txt . evidence.txt
combined protein.tsv

report.pg matrix.tsv

BioF3 WERAHEMNXETAMNBHLRITGE, N RRIAEHIELE,

MaxQuant proteinGroups.txt %5251

MaxQuant 2EBIHREHN DDA L ETH, BEM proteinGroups.txt 2—IKEXR, ST—7TEHBA (protein group),

Ryl

EIE=

Protein IDs

Gene names

LFQ intensity XXX

iBAQ XXX

Razor + unique peptides
Reverse

Potential contaminant

Only identified by site

axX

UniProt accession, ZMADSDE
HEA® (BFIAGNESR)

B/ MEAM Label-Free Quantification 32E
S—HMEERN (BNFEMEIT)

BT iZEBEERERE
EATRRREE (RIiEiE)

EEERNSHY (RITVEE)

EANGE—MHE: IJEIE Reverse == "+" F] Potential contaminant == "+" B1T., XERBREENHERER.

LIt R

M bulk RNA-seq —#¥, ERADTHTFEKFAKRE"WNFIXI NP 7EE. DEP BERAE:
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label condition replicate
Samplel Control 1
Sample2 Control 2
Sample3 Control 3
Sample4 Treatment 1
Sample5 Treatment 2
Sample6 Treatment 3

e label EA proteinGroups.txt B 1ro intensity T BRERELE
e condition @NHTE (FEEHMERSMRLEMETE)
® replicate EENFEERS

ERRME: EEANZOMERD
MERARANRS: BAANRKEIRS, —PEAEEEHAERDRERES (LFQ=0 % NA), RERMER:

e MNAR (Missing Not At Random): EAFEXE, HETEMERE > XMHRENELFERF X
e« MCAR (Missing Completely At Random): FEHlEVFE AR > FEETLx

TR AIAMERIEAE . MNAR BER"MSHARRME" (MinProb) 3EiE#h; MCAR FJLAR KNN Sit3{E#+h, DEP 2K
IAA MinProb, BEAZHERAGR.

M proteinGroups.txt | DEP 315
DEP £ _FENXLE S RE AL TR EL:

library (DEP)

# 1. 1N MaxQuant %R

data <- read.delim("proteinGroups.txt")

# 2. TRSHENREE
data <- data[data$Reverse != "+", ]

data <- data[data$Potential.contaminant != "+", ]

# 3. BREQRE—

data_unique <- make_unique(data, "Gene.names", "Protein.IDs", delim = ";")

# 4. T summarizedExperiment
1fqg cols <- grep("LFQ.intensity.", colnames(data_unique))

data_se <- make se(data_unique, 1lfg cols, experimental design)

make_se ZERFEINE—"4nER Bioconductor SummarizedExperiment XM, FLEERIIE. VA—. HEih. EFDW
WMEX TR LERIE,

T—%

e 02DEP ZEEAD
e 03 IfEEEEYS Reactome BEE
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SERIR
e MaxQuant E
e DEP Bioconductor 344

e Perseus #FE (MaxQuant FEEBI#{L)
e DIA-NN 44

AL/

BioF3 9/27


https://www.maxquant.org/
https://bioconductor.org/packages/release/bioc/vignettes/DEP/inst/doc/DEP.html
https://maxquant.net/perseus/
https://github.com/vdemichev/DiaNN
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o« DEP ZREADH

DEP (Differential Enrichment analysis of Proteomics data) IEEAEEZESDITNTEREHER—FEL: TiE > 13—
t > #Fh > limma Z8058 > LERIE. KEBWE limma, FFAZETS ] bulk RNA-seq BIES DT EE—EHESE,
SZEF DEP B ubilength FIBE—BTENIE. HUER Hela AMEFREZERMKELETHNEAA (4 TMEMHx3
MEE =12 MR, 43000 MEH).

ea gy
Btz

d

library (DEP)

data(UbiLength)
data(UbiLength ExpDesign)

# 1. BRELBE—

data_unique <- make_ unique(UbiLength, "Gene.names", "Protein.IDs", delim = ";")

# 2. M SummarizedExperiment
1fg cols <- grep("LFQ.intensity.", colnames(data_unique))

data_se <- make_se(data_unique, 1lfg cols, UbiLength_ ExpDesign)

# 3. Tk BEED 2 THEEE
data_filt <- filter missval(data_se, thr = 0)

# 4. VSN JA—1t

data_norm <- normalize_vsn(data_filt)

# 5. GRK{EIEHS (MinProb: MARRH)

data imp <- impute(data_norm, fun = "MinProb", g = 0.01)

# 6. limma EZHEI6

data diff <- test diff(data_imp, type = "control", control = "Ctrl")

# 7. WCEEEH
dep <- add_rejections(data_diff, alpha = 0.05, lfc = 1)

test diff(type = "control", control = "ctrl") SBEENEMFIE"XX vs CtrI"BIXItL, MREMMMLEIR, A type
= "all" ,

ESLRfl: UbiLength £ DEP 4R
BEEMZA proto2 dep sci.r B LERIERERT —&E, M 6 KE:

Rscript scripts/proteomics/prot02_dep sci.R

BioF3 10/ 27


data:text/x-r-source;base64,
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B 1: BRKRERE

Missing values pattern

Missing value
B Vvalid value

BIR—TER, BB THAE., B =FE, &eE =Rk, ERANRRTERNN — RFEEELTEMEEEERS
SRR (BIIRE), XHME MNAR HJHEAIRR,

RIKEE QC MRREENAE: BREEETHLIRAERES (BIIRELINSZRE). IRE, BEZRETZERER
RIBUEIRIAT .
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2: PA—{LRIFEES

Intensity distribution before vs after VSN
VSN stabilizes variance and aligns medians across samples

Before normalization

.
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LER)FI—MA], TER VSN A—t/GE. [I—HHNERRILAMERARNPMULNT. HERE. WRF—MRIELEFERR
box BRZ RSN, WA LHFEFIEINE RFRE.

VSN (Variance Stabilizing Normalization) 1 bulk RNA-seq Bf) vst BE—#: ItSBENEEESANAZHER
%, B4 limma 9 t KA AR IBESFEEERES.
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& 3: PCA

PCA on normalized + imputed intensities
PC1 (32%) separates treatment from control

81!1_1

Jubia_2
20 em,z

101 &=

_ Ubid_1 Condition
?\: 8bi6_2 ® ctrl
Z Ubit
N 04 .
(8] Ubi4
o

® Ubi6

Ubi4_3 ?
-101 8bi6,3 - Ubie_
Ubi1_1

Ubi1_2

-20 1 Ubi1_3

-20 0 20

PC1 (32%)
I3—1t + HHE+bZEH PCA, B2 (Ctrl / Ubi1/ Ubid [ Ubi6), PC1 RAZIBAMBAFMNBES T, NRE—FHEHENEES
BESRA, RARATEAFEETEEFQHE,
UbiLength B Ubi6 (&ii2&8E) M Ctrl 91E&IE, Ubil fl Ctrl &=iIFf — {EAEYWEHE: TR, ERATHH
Ko
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B 4: HAEXMERE

Sample-to-sample Pearson correlation

L T :

condition condition

0.98 Ji Ctrl
0.880 | 0.893 | 0.893 | Ubi6_1 Ubi1
0.9 Ubi4
0.873 | 0.881 | 0.880 | Ubi6_2 0.94 Ubi6
0.877 | 0.885 | 0.889 |Ubi6_3 0.92
0.9
0.896 Ubi4 2 0.88
Ubi4_1 0.86
Ubi4_3

Ubi1_1

Ubi1 2

Ubi1_3

Ctrl_1

Ctrl_2

Ctrl_3

L 9lan
L ¥an
L han
L 11O
AR
€ MO

Z 91an
€ 91an

Z van
€ pian
Z uan

€ 11an

HAMM 2 B8 Pearson 18X, F—FENFARZEEXENZES (WALHHAMRER), MREMFAREANBXSE
RMETHAIER, EELE QC,
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B 5: XWE (Ubi6 vs Ctrl)

Volcano: Ubi6 vs Ctrl
Up: 75 Down: 50 (padj<0.05, ILFCI>1)
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6: BTMIENEZEEAY

Significant DE proteins per contrast
padj < 0.05 & ILFCI > 1; all vs Ctrl

Ubi6 vs Ctrl 1 125

Ubit vs Ctrl 1

Ubi4 vs Ctrl 1 112

40 80 120
Number of DE proteins

oA

=3EE (Ubi1/Ubid/Ubi6 vs Ctrl) EBEZVEEZEZFERA, Ubié &%, Ubil &/, Ml PCA MO BREE—,

B BCHEL

fIZASB9RT 10 1738 ubiLength ¥ALECHY proteinGroups.txt FIT:

data <- read.delim("proteinGroups.txt")

data <- data[dataSReverse != "+", ]
data <- data[data$Potential.contaminant != "+", ]
data_unique <- make_unique(data, "Gene.names", "Protein.IDs", delim = ";")

UbiLength ExpDesign IR{HECHItEZERZEK (label / condition / replicate =7l)),

JITEIEZE:

o DIA #4E: DIA-NN #iHfY report.pg matrix.tsv ERERZEK, JIBMEHEARR, HIE make se BIF]
o IHHMRES: WRERELZE > 50%, MinProb AI8EAREEYF, i fun = "knn" T fun = "mixed"

o ZEAFiRIT: test diff(type = "manual", test = ...) AJLMEBENX contrast

THER

prot02_dep_sci.R
8 KB

T% DEP ZEREATEMZA »

T—%
e 03 INEEEES Reactome BEE

o 04 P[5 EH
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data:text/x-r-source;base64,
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SERIR
e DEP Bioconductor 344

e limma AP F
e Zhang et al. 2017 _UbiLength [RIAFER
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https://bioconductor.org/packages/release/bioc/vignettes/DEP/inst/doc/DEP.html
https://bioconductor.org/packages/release/bioc/vignettes/limma/inst/doc/usersguide.pdf
https://pubmed.ncbi.nlm.nih.gov/28253234/
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s IJEEE ES Reactome & IE

ERERJIRAGRERETY ., EEERNE " XEEAWNMLER", AFM 02 DEP ZF 1T NER, E—

Reactome + GSEA,

BE&F bulk RNA-seq 03 E5 ®E2—H, RRHAMERRETER (18X gene symbol BE3Z] Entrez ID),

BLnfl

BLEMZA prot03_enrichment sci.R 7t UbiLength A9 Ubi6 vs Ctrl Z%&EH L GO BP, Reactome. GSEA:

Rscript scripts/proteomics/prot03_enrichment sci.R

BKEETA

GO biological process enrichment (Ubi6 vs Ctrl)
Top 15 BP terms from DE proteins (padj<0.05, ILFCI>1)

catabolic process A .

proteolysis 1 .

macromolecule catabolic process 1 ‘
macromolecule modification 1 ‘

modification-dependent protein catabolic process - ‘

modification-dependent macromolecule catabolic | .
process

macroautophagy - @)

regulation of proteolysis 1 (@)

immune response-activating cell surface receptor | @
signaling pathway

negative regulation of canonical NF-kappaB | .
signal transduction

response to interleukin-1 4 Q

positive regulation of NF-kappaB transcription | ®
factor activity

cellular response to interleukin-1{ @

protein targeting to membrane{ @

0.1 02 03 0.4
GeneRatio

& GO +
p.adjust
1e-08
1e-06
1e-04
1e-02
Count
O 10

O 20
O =0
Q4o

B 1: GO biological process E£& dotplot, jZEHIBXEEE (BAMRE. ZREEETY) HiEsE, FeXRIRIT,

BioF3
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/bulk-rnaseq/module03/index.html
data:text/x-r-source;base64,
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Deubiquitination 1

Ub-specific processing proteases 1

Interleukin-1 signaling

Interleukin-1 family signaling 1

Activation of NF-kappaB in B cells 1

FCERI mediated NF-kB activation

Downstream signaling events of B Cell Receptor |
(BCR)

Downstream TCR signaling 1

TCR signaling 1

Signaling by the B Cell Receptor (BCR)

CLEC7A (Dectin-1) signaling

Fc epsilon receptor (FCERI) signaling

Defective CFTR causes cystic fibrosis 1

ABC transporter disorders 1

AMPK-induced ERAD and lysosome mediated |
degradation of PD-L1(CD274)

Reactome pathway enrichment (Ubi6 vs Ctrl)
Top 15 Reactome pathways

2: Reactome B ES., Reactome FIBKRHAIELL GO B4, EEEMEIEAFNESHEX,

BioF3

0.20

024
GeneRatio

0.28

p.adjust
1e-12

3e-12
1e-11

3e-11

Count

16
18
20
22

24

OO00o0
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GO BP term similarity network
Connected terms share DE proteins; clusters = related biology

macromolecule catabolic process

cellular response to interleukin-1 proteolysis

immune response-activating cell surface receptor sigggigtion@fproteolysis
o
macroautophagy ’ macromolecule modification

catabolic process
negative regulationceficanonicalNF:kappaBisignalitramsdugctiomlic process

response to interleukin-1
positive reg‘ulation of NF-kappaB transcription factor activity
modification-dependent protein catabolic process

°
protein targeting to membrane

3: GO term AHEMLE . HZEHM term EE—IE, FHEIETR.

BioF3

size

@ 10
@
@ =
@ -

p.adjust

0.04
0.03
0.02
0.01
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GO BP: upregulated vs downregulated proteins
Separate enrichment for up and down DE proteins

Down

protein targeting to membrane -

protein destabilization 4

negative regulation of RNA splicing 1

negative regulation of mMRNA splicing, via splic...
negative regulation of mMRNA processing 1
negative regulation of immune system process
negative regulation of cell development -

microtubule nucleation 4

c
T

modification-dependent protein catabolic process 1

modification-dependent macromolecule catabolic ... ]
ubiquitin-dependent protein catabolic process 4
proteolysis involved in protein catabolic process A
proteolysis 1

protein catabolic process o

proteasome-mediated ubiquitin-dependent protein...

proteasomal protein catabolic process 1

50
-log10(p.adjust)

o
S)
S
(9]
~
o
-
o
S

B 4: 23 LEMNTRERM GO 2%, LEEAEREZENAXER, TREAESRENHHRSHTER.

GSEA (GO BP): top activated and suppressed terms

Ranked by NES; proteins ranked by sign(LFC)*-log10(padj)

proteolysis
proteolysis involved in protein catabolic process A
protein modification by small protein conjugati... 1
protein catabolic process 1
post-translational protein modification
modification-dependent protein catabolic process -

modification-dependent macromolecule catabolic ...

ubiquitin-dependent protein catabolic process 4

B Activated

macromolecule modification 4 . Suppressed

regulation of RNA biosynthetic process 1

regulation of DNA-templated transcription -
protein folding 1

regulation of actin filament-based process
negative regulation of mMRNA metabolic process 1
monoatomic anion transport

digestive tract development A

0
NES

B 5: GSEABfE., TMEMEE, BEREEFERNEARSREMMREE T,
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0.001
pvalue p.adjust

g 025 digestive tract development 0.00963  0.221

é}) ..

€

(]

£

=

S

= -0.501

L

D

£

c

= [

@C -0.751

Ranked List Metric
<

500 1000 1500
Rank in Ordered Dataset

& 6: 528 NES #4 term BY running-score &,

_’l
o
NS

iR

prot03_enrichment_sci.R

G A= 'i"%

SEGER

e clusterProfiler 232

e ReactomePA
e Reactome ¥UEEE
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data:text/x-r-source;base64,
https://yulab-smu.top/biomedical-knowledge-mining-book/
https://bioconductor.org/packages/ReactomePA/
https://reactome.org/
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os. AIFR{L: KILE., RESEBESF

AREIE DEP ZE 0 MNERTHEEZATIEXNE., S8KER— T RELNEE.
ECEMIZAN prot04 visualization sci.rR £ UbiLength ##E E4ait 6 sKrT ML AL G :

Rscript scripts/proteomics/prot04_visualization sci.R

BREE(MTA

Volcano plots: all contrasts vs Ctrl
Ubi chain length increases left to right; more DE proteins with longer chains
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Top 30 DE proteins (Ubi6 vs Ctrl, row z-score)
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Top 6 DE protein intensity profiles
VSN-normalized + imputed intensities across conditions
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DE protein overlap across contrasts
Which proteins are shared by multiple Ubi-length comparisons
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LFC correlation: Ubi4 vs Ubi6 (r = 0.82)
Points above the diagonal = stronger effect at longer Ubi chain
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Top 20 DE proteins by ILFCI (Ubi6 vs Ctrl)

Sorted by absolute fold change; color = direction
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