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- ]

or . bulk RNA-seq L& EFE
bulk RNA-seq IE—{p4EAA s —BH AR TR EHEARNF, SANESTEREEAERENTNRIAZE, SHELNENEZAIN
BINABSRER: JLTTHEAR, M=7T44BHE, —EXENTEDT.

RERZITEIE bulk RNA-seq N"MTTFZEEAN"X—LFaH, REXMBERNINFEE: RiE. EXEEEST .
EE. ZERON. EEBRR., RELHAETEHEHCEM EBRTHEENRA, mMAZRIIASR,

bulk vs S24HAE vs Z=1E]: {+4RHRIERD
AT ZAEEE—NTE: MRRIZETENRESE bulk RNA-seq 152

[a] HEFRA EH
MAHARZ BEARER bulk RNA-seq EE. SitpF. 3-5 TR
R AR SR B A IR N A [E] YRR RNA-seq bulk EEIFE &XMABRIINITLS, MR
FIEEN (B—RBLEMT2) =EERA bulk F1BMAEERBZEER
BB (<5%) HEHL i o) bulk £ 5% KIESH# 95%
AR + IGR/FATRE B bulk RNA-seq TCGA LFHFARER, BMBHMAE
HREIRAIR | AR bulk + KiE R bulk tEER, 18 Iso-seq / Nanopore Hi%
bulk 22X ZHWMBMNRINER: EE. REMFH. FITFET 20 FIIE. AJAMEAER, FRAERAYC)EEEFEME D

PR EESR, [NFH bulk,

— T HBEABEMTLEFF

BRIRIRM T — M ISE] REERAISEED: WRA=THEA, GBA=THR, §THEE—INENF. THZEREEE 12 D
FASTQ XXf+, fniEeRrJgeR/L+ GB.

MIXEBER"—5KALLE + —3K GO ERER + —OREEHIEXMNEIL " ZE, BEINDIRANE:

Bz 2 LTty EHAIA

[RIGEIRE IR BEAR QC RE FastQC. MultiQC
EEESEERA B AR BAM STAR. HISAT2
BERSEZAES counts ¥Ep% ¢ TPM #EBE featureCounts, Salmon. kallisto
HARENE PCA B, t##A&MExM4 DESeq2. edgeR. limma
ERRIED SERERX DESeq2. edgeR. limma-voom
IEEESE GO. KEGG. GSEA £ clusterProfiler. fgsea

ZERRAS xig. B, BHER R Markdown. Quarto

"EE3T + featureCounts" F "Salmon/kallisto JELEXT" BREE MKE%. BIE~L BAM, e/t EoirERF; BE
I BT, BIFGITEEAEE, REWR. HERT., IMBENRRAXOEREENERRKRIA, B Salmon BE&5F
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SprinzN

ERIAEHK
7E BioF3 MPIF ERMAER TEXELAS, RERXH. HEARABLREE:

FirE I8 BITHME
Bz FastQC. MultiQC bash
Ebxd STAR. HISAT2 bash
LB E 2 Salmon. tximport bash + R
ESOM DESeq2. edgeR. limma-voom R
EES clusterProfiler. fgsea R
AL ggplot2. ComplexHeatmap. EnhancedVolcano R

Hih TR (Kallisto. RSEM, StringTie. pheatmap %) #MEGEEN, EXEAGREBESZASOLRFN/NEEZIIE,

HEFEATTEIRES

FRMEET—EERBCHNFEE. TEX/ LD AFRERERRETF, BSOBALREXEAITRE.,
HiES M ER A0
Pasilla (%8 RNA-seq) 7 DNREAKR B/ NESSHEF, Bioconductor EAFE pasilla pasilla

BEET
airway (ARiLR, 4 BB +4 8 MR DESeq2 BEAHIZEUE, ) glucocorticoid 4hE airway,
2032)
GTEx F%& Clprineg S ZAR | ZHALS) TR GTEXx
Recount3 I H Fig—1 AL ERITAY counts ZBFF, Bkid T Recount3
SRP

AR TN EURSETE R ER—TEMEEREA, THE T3 FASTQ, FEESHIEAN]. GTEx M Recount3 MR EHSEHAR
ERBMA—HHER.

&/ )\FT BRI 7

THEHXERABMELE DESeq2 FIIE—MERERLR—HAT 20 17, BUEMIELE airway AHEES ., IEEHEE
RStudio £, XiFEImieER:
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https://bioconductor.org/packages/pasilla/
https://bioconductor.org/packages/airway/
https://gtexportal.org/
https://rna.recount.bio/

BioF3 AR HIE DN bulk RNA-seq SEEF

# —RELREE (MRERER)
if (!requireNamespace("BiocManager", quietly = TRUE)) install.packages("BiocManager")

BiocManager: :install(c("DESeqg2", "airway"))

library(DESeq2)

library(airway)

# MBTREIBIE: 8 ™MEAR x ~64000 TNEEK counts JE[E
data(airway)
se <- airway

se$dex <- relevel(se$dex, ref = "untrt")

# i DESeq WHRHMEKIL
dds <- DESegDataSet(se, design = ~ cell + dex)

dds <- DESeq(dds)

# IENERERE (trt vs untrt)
res <- results(dds, contrast = c("dex", "trt", "untrt"))

summary (res)

# E— TREEN/LTEE
head(res[order (resS$padj), 1)

B1T2Z/E summary(res) SEIFRLETEEREZ/DY, head(res[order(res$padj), 1) =FIHIRKIE p EHHIEILD
HRA, 1EXJLTiEE, EARMEAE bulk RNA-seq %f‘rﬁ’fﬁmrﬁﬂﬁZTo

BEXMBLEXBREZMAESE: HAZ, EZEMAINHES; EESBZERELERTRE., XtUEEE/I MERER T HN
RS,

ERERAK

&R £ RE

01 MB%ZM. BIEAOS Salmon EE Bt
02 DESeq2 ZRRIADH Bt
03 GO | KEGG | GSEA EE#T [l k57
04 XIE, RAESESAAL BLt%
05 ZEESS LRT 1036 BLt%
06 #EYRELRI: ComBat / SVA / batch-in-design =57
07 DESeq?2 / edgeR [ limma-voom =T B3ttt BL%
08 AEMDITIRES ERRN Bt%

PR 8 TMRIRERE L&, BILMMRRT —10 A INEIZIEAY R BIA.

HFEFRI B AN

o ‘mIEEAH: R, Python, Bash #3)&13
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/programming-basics/index.html

BioF3 HFKIEDT bulk RNA-seq SLEFf

* REUETEIES ggplot2 BIHIML
o NHEHIEESHIERS

BHRINE ENAE. B—HNERONEEN buk BES, EAET2MAMTEAENRERRFRIMS LFEIR,

BRIRX
HFM bulk RNA-seq ZE#ENL I

®X 1: RBEROSRMR(S
ERERTIR 2 REBLER, EVTEX: PCA | #AEEN QC B, EE9F. XBERNKRIASHE. R4GE—17 padj HF
B csv AR1EE, MAERETHMEREES. ML EiH% noise,

2X 2: 775 PCA HIZEHZES

PCA B"MFRE + RITEEE/E"NEMAEE. PC1 ADH = BIBHWMGE (HFH design H#7); ETHFZERARMEF
F = ZHEARTREREE, IMEENER, BERNERERRERR,

XX 3: i€ |LFC| > 1 HpEMZ EEREIRE

|log2rc| > 1 Bl fold change > 2 &, BTEHEETEAHNEERXTERRE: BRRXEATFRE 1.5 FAEMEAS, AR
FMER 10 FRATERX. KFEECKENREEASH, BiEEE.
=X 4: ERLEGRAE top 5 @R

GO [ KEGG B3R/ T5EH,, RE top 5 BHWITR term ("JHFRIGIE" / "IEM@IEIZMAIGTE" | "HIBE A" EAEE—4
%) 12S. H cnetplot [ emapplot IEEEM AL, FEIERLMAIIEIR,

=X 5: RRAITBIRA

DESeq?2 / clusterProfiler / Salmon #F—%8, SAHRENSKXEERIME. RREEBVASLEERERT—BHMM. B
renv B conda env.yaml ikRZS, 08 ESRF.

ZERIR
e DESeq2 EL#IE
» edgeR AP $EE

e |imma

¢ RNA-seq workflow (Bioconductor).

e Recount3
e GTEx Portal
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/r-ggplot2/index.html
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https://bioconductor.org/packages/release/bioc/vignettes/limma/inst/doc/usersguide.pdf
https://bioconductor.org/packages/release/workflows/vignettes/rnaseqGene/inst/doc/rnaseqGene.html
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BioF3 HFEIEH T

o2 MEUEEITNE 4514

X—ENBFEILEEEEEMFM bulk RNA-seq ZHl, FiE"ERMHAMA. ITESEEMFAHE
IRBSRIN, BT EEMERT RIMFARBER,

DHEFER, BESTHAMIENEEME TR,

— BTG E A9\ H 5
SR RAALLEAf: 368 vs 42, S0 3 MEYFER, SMHAARENF. FF LAENFRIREERNN

FREAHE:

R ER A

MO 1290 FASTQ X (6 #7 x 2 i) + 7R QC &

DTSR LFEIXEE FASTQ

EEXS / AEEERS FASTQ + ZZERAH + GTF

T8 BAM / Salmon
E5OM counts + #AR
IheEfRRF ERERAR

E3b] PR LEER

"HAR"EBREENFL. EE

InE B %

KE4HPE RSB ITES R,

rnaseq project/
—— README.md
—— metadata/
| (I
—— data/

| F—— raw/

counts/
analysis/
0l-gc.R

};
—— 02-de.Rr
}__

I

results/

|
|
|
[E—
|
|
|
|
[I—
| —— tables/
|

L—— envs/

—— env.yaml

BioF3

samples.tsv

03-enrichment.R

04-figures.R

L—— figures/

bulk RNA-seq SR F A

"BER. REMB—FF

BREMWEL.. FEIXHEET .. bulk RNA-seq HEUBELL 2 MG, B

KB RN + HAR

AR BAM 8 Salmon quant B
—15 gene x sample A counts %EFE
ZREFEX (gene, log2FC, padj)

GO [ KEGG | GSEA 5 R

+ & + Methods %

DEE: B ID. FM4. HOR. WEEE., FASTQ B2, FEE—SHELRXKEK,

BE/

#
#
#
#

#
#

#

HEER. BARR, XEREK

HAR, E—AERR

R FAsSTQ (A°mh)

FastQC + MultiQC IR%
BAM I Salmon quant

EHEN counts ERE

DESeq2 / edgeR

conda R, BIEARA

DRiZ#HE"6 I BERMREMES X EZTA". — TR BIESH:
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NAT25:

e data/raw/ RiE, XEZAEREN, MXHESEEMER

o DAL BESGE (01-, 02-...), MERITEESHMENRRE
* results/ RMEAR(IY), FEFH data/

® envs/env.yaml %ﬁﬁ&zk, T B BEtheEELRIFE

BERELE
HARR— MR TSV, HESHT, — S AIBIRA:

sample id condition batch rl r2

CTRL 1 untreated 1 data/raw/CTRL_1 Rl.fastq.gz data/raw/CTRL_1 R2.fastq.gz
CTRL_2 untreated 1 data/raw/CTRL_2 Rl.fastq.gz data/raw/CTRL_2 R2.fastq.gz
CTRL_3  untreated 2 data/raw/CTRL_3_Rl.fastq.gz data/raw/CTRL_3_R2.fastq.gz
TRT 1 treated 1 data/raw/TRT 1 Rl.fastq.gz data/raw/TRT_1 R2.fastq.gz

TRT 2 treated 1 data/raw/TRT 2 Rl.fastq.gz data/raw/TRT 2 R2.fastq.gz

TRT_3 treated 2 data/raw/TRT_3_Rl.fastq.gz data/raw/TRT_3_R2.fastq.gz

batch B—IIF—ERRFE, BAEIMERZEFRFMNE: —FHAMICR TREREEN, FEMRE. WEFHDR. W1
R BRIEA. XEXE, RERARESIARSRENZELESE 7, DESeq2 #Y design TEIZMARXLT:

design = ~ batch + condition

SEERANER
AFUNRISEERES L ERFR:

HiR R HERE

GENCODE A NEIEREITE BARZEIE, F Ensembl ID W5 E
Ensembl ESYMES FERI AT

UCSC / NCBI FERFE N ER AT . ERDHT

ERAMERLTRBAE—THE. B—DhRA, TRER ID MLnMN A L, #EEE T3 GENCODE f primary
assembly + ;¥ GTF, #&H Salmon I} STAR #R&E

# AN vae ERBIF
wget -c https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode human/release 44/GRCh38.primary assembly

wget -c https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_44/gencode.v44.primary ass

XA T NERIEE S 6~7 GB, &ZF| data/reference/ B, KEIMBEXMNHEASEEZN, FIRENDINBES.

EE3S vs EEEEST
GEES LR
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-5 HETH BE M2 ERES

DEENEIRELSE  STAR/ HISAT2 - featureCounts 18 A (BAM) EE BAM HAIAML [ SNV [ FiEER A

EEEEITZIRERZAS  Salmon / kallisto - tximport 5k I AMESSHNEE
OB NRAMERRIANEE, A Salmon IR RERE ZiLA LN oHMEEE—MMER., THEHIXEZ Salmon
ROERLE A

# ZIR3| (RE—R)

salmon index \
-t gencode.v44.transcripts.fa.gz \
-i salmon_index \

—--gencode

# EEBTHEAR
for s in CTRL_1 CTRL 2 CTRL 3 TRT 1 TRT 2 TRT 3; do
salmon quant \
-i salmon_index \
-1 A\
-1 data/raw/${s} Rl.fastq.gz \
-2 data/raw/${s}_R2.fastq.gz \
-p 8 --validateMappings \
-o data/align/${s}

done
ETETHEETHARBE—TEZR, BEHEMN quant.sf MEBERZALFIINEELER. FEER EA tximport REFE
REMHANESR DT

library(tximport)

library(readr)

samples <- read.table("metadata/samples.tsv", header = TRUE, sep = "\t")
files <- file.path("data/align", samples$sample_id, "quant.sf")

names (files) <- samples$sample id

# tx2gene BRES (M GTF HR—IRFILF)

tx2gene <- readr::read_tsv("metadata/tx2gene.tsv")

txi <- tximport(files, type = "salmon", tx2gene = tx2gene)

# txi$counts FE gene x sample fY counts E[&

REPT : EiEF airway [ pasilla

ITEHXEREEEIMERN; MRARBBEIZESH, TEAIMHE FASTQ - BAM - counts X—E%, HiEMH
Bioconductor B&3T841F#9 counts EE:

* airway — AR LR 8 14 (4 X8R + 4 HERFUMERLIE), DESeq2 B HHIZEIE
* pasilla — Ri& 7 174, DESeq2 &/)\lF

[EE 02, 03, 04 WEAXREIHA airway , x L ERIAENH, FRRLENIRRE,
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BRI

i 1: HAKRRA Excel HESBUEEEL

Excel ZE®IE marcHl (BERE®R) A AR, BEFEH 0 M=, A=A unicode, KiZAMAEX A wE235L R | Python
HWIPHEARR, BENRMRE read.delim PR,

n 2: SEERAREAFERAITE

T#; GRCh38 fasta fit GENCODE v44 GTF ;%[Q8f; {BfE v25 GTF SEM"EFZNEB L. LirWA L "iEEEIR, fafl
gtf WITRER—FRER—RE, FEREA.

i 3: 8 raw counts A EV3—1LHI TPM

featureCounts H3EME raw counts (B#), BIIAEIENR DESeq2 [ edgeR; 1B Salmon / kallisto BIZRIAEHEZE TPM Biifd
it counts, %3 DESeq2 BYEM tximport(..., type = "salmon") ¥5F§ counts, TR2HEIEIE quant.sf,

i 4: Salmon &S| AEHK

-—gencode IR R ¥ GENCODE HRMIE 74, Ensembl ERIVEFETREN --gencode , BN transcript ID X
RASRSHE,

In6: {EHFARBERwRMEFTX

Linux THERE LE 1.fastq 2.fastq ;R[GRA, {B RIEHEHEIUEETIBRSEEIM x IS (TAL x1 . x2), BHA
ID —ZBAF8HAHL (s1. crtrn 1), FHEHIAZBD,

T—%
BERN:

* 02 DESeq2 ZFFRIANHT — counts EFIFZEHIE—F, airway AFEIERIUE N

M FE

* 03 GO/KEGG /GSEA B — MIRMMEBLXEEZERERR, AINERRIIZEST
o 06 HLEN — SHURBFAE IR batch BEALE, HiRit design A

ZERIR

e GENCODE

e Salmon EANHY
o tximport iz

e RNA-seq workflow (Bioconductor)
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https://www.gencodegenes.org/
https://salmon.readthedocs.io/
https://bioconductor.org/packages/release/bioc/vignettes/tximport/inst/doc/tximport.html
https://bioconductor.org/packages/release/workflows/vignettes/rnaseqGene/inst/doc/rnaseqGene.html
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BE
Q: DESeq2 Mt 2RH "M HMAZIAM? A BMRRIZIFE=7E, RNA-seq BIEFACSERHN (HZ >H{E), AW
DHZ—TBEHRESHENEXMIERN.

Q: DESeq2 (4 padj #l pvalue H+4X3I? A: padj 2 Benjamini-Hochberg {RIEEH p 18, BHIBAMZR, ZEEKRR
%7 padj (@% < 0.05), FEEARIE pvalue,

Q: log2FC B{EIEZ? A: EH |log2FC| > 1 (Bl 2 8%&ft) , "M AI[EER] 0.58 (1.5 %), M™i&mIEl 1.5 (2.8 %), &&
padj —EE i,

Q: LFC shrinkage Bft4, BEAEM? A: ¥ log2FC #UkZE(hit (apeglm [ ashr), EMERIAEEIRIH fold change,
WEM, EREFOE. KNUEEIFE.

Q: DESeq2 #ll edgeR 'E4i%? A: DESeq2 X#H5EE. BINSHIRMRE, EEAZHUSR; edgeR ERFE. BEER, &5
BRRNOITE. ERBESE—H.

s DESeq2 ZRFRIEAD

DESeq2 2 bulk RNA-seq ZF A/ EREAMNIA. BERIR counts RMAZISA %, ASMERNTAENBEHEMIT
ZEM, f0L Benjamini-Hochberg RIELAHHRAR padj, AFIEEME, RIEVFEIINEE,

X—EH DESeq2 B AHFEEE airway E—ETERIE, HIEE 8 PTAXRELRMABER — 4 PR + 4 MEEBEH
= (XM, dex) LI, 3E Himes et al. 2014 (PLoS ONE 9(6): €99625),

PtLoA o HmA = BAHIES

DESeq2 RELEIF A2 MEEAMERTERN, BRX—aeEHREBRSIBRIMTN:

o ARIEEZDT: counts BIEREY, BAZELRETHE (BRAERNHZLAMFTHINARS)

o AZHWDH: AMMRIRAZE = 1918, {BESE RNA-seq (4 over-dispersed — BE—HRME TEWREE Z B HEITK
FYE

o BUIZINST: 1EHMEM _EIN— dispersion %, AR"FIMIFE", X1 dispersion EERIZEREIE D IIER
#, DESeq2 A"FMEERAERFINE—5 mean-dispersion Bizk"KIZEHIT

REKRETA:

1. counts fBREMTZRYT—ILEIEEEL (raw counts), TEEZ TPM/RPKM | B log THHEHI(E
2. DESeq2 BEEZE/D 2 MEMHFEE 7T BE(h dispersion; 3 MRS, 4-6 &
3. MITHEBEMEAR (1vs1) I DESeq2 =i&HE dispersion HFIEZBYE, ERAHE

BORER=S

DESeq2 MIFAREIEEEE, BIER APIfi=2:

dds <- DESegDataSet(se, design = ~ batch + condition)
dds <- DESeq(dds)

res <- results(dds, contrast = c("condition", "trt", "untrt"))

1. #3%2 DEseqpataset X%, FHRIRMTAN (design HE—JIRENINNETE)
2. pEseq() —MEAEMTA—t. BEEMIT. Wald 1430
3. results() REUEEMLENERS
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https://bioconductor.org/packages/airway/
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i

EXTENIFERAERX=1TRIBL, MEESKEN QC MR FARSER. BERSEE. ERERAE. THIR
R E o

hnEx airway #1932 DESeq 3%

library(DESeq2)

library(airway)

data(airway)
se <- airway
# 18 untrt BRHSEIKE, X log2FC & "trt HX untrt”

se$dex <- relevel(se$dex, ref = "untrt")

# design: BHIMARARES, WK dex IR
dds <- DESegDataSet(se, design = ~ cell + dex)

# fﬁi‘_ﬁ)ﬁ’ counts &f < 10 NEREEEE
NSt ERE, Bl >RE
keep <- rowSums (counts(dds)) >= 10

dds <- dds[keep, ]

airway BJ colpata B cell BHEER (4 MAREFIE), dex ZUIETE, design = ~ cell + dex NERZR"EIEH|
MRAEFZEE dex WEE", RITARBLTENINFTE, BEERENTE—RBERE, results() RIARERE—
P EEME—TILE,

Eﬂ DESeq #Elu\ﬁ-‘%%

dds <- DESeq(dds)

res <- results(dds, contrast = c("dex", "trt", "untrt"))

summary (res)

summary(res) Kl:l'lﬁif \Jﬂ‘lﬂ%l““ﬁ?"‘ | (Ejﬁ}\ﬁﬂfﬁ padj < 0.1) i‘_r alrway ﬁ;‘?ﬁli‘E E?U)_L:F/I\Egiv%
BEE — RBERNESBVNER, ERRIAR.

H3XRfl: airway FAY5EEE DESeq2 i

BEEMIA bulko2 deseq2 sci.r EBLERMETRER T —&E, Bt 6 KESLHIEEN —1» DE EER. RIF DEseq2 +
airway + apeglm FREEEIEZI, FAEETEH FASTQ:

Rscript scripts/bulk02_ deseq2_sci.R

BIAREMAIE: FUEJE > DEseq() = results() = lfcShrink(apeglm) - 6 5KE - 4t DE X, TEHZEKE.
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/assets/scripts/bulk-rnaseq/bulk02_deseq2_sci.R

BioF3 HFEIBEH T bulk RNA-seq SEEFff

1 BTHESHEKRD

Library size per sample
Total reads (million) after pre-filtering (>= 10 reads / gene)

30+
=y
5 20
.g
[2]
T
©
[}
i I
O-
s & g o 3© & & &
o o o o o o o o
Q Q Q Q Q Q Q Q
& & D S & & & &
K & o oy 2 2 K o

HEHZEHA ID, HHMETLRZEETHANE reads (BH). XKEZHEMI QC: EANMNIZE—TER, NMREXE
THARBEMEAN 15, MEREENFRS. airway B 8 MHFAXNMES, RE,

2: VST /3—1t/EH PCA

PCA on variance-stabilized counts
Color = dex treatment, shape = cell line; PC1 should separate conditions

SFﬁ1 039517
SFW 039516
10
cell
<
g @ N052611
o A N061011
I
2 B NO080611
RR1
0 S 039509 _|_ N61311
—}-sRR1039508
° SRR1039513@
SRR1039512
SRR10395214
10+ SRij1039520

-10 0 10
PC1 (48%)

vst(dds, blind = FALSE) MAZEREEHR — ILSRENBRAZENAZEHESS, Xt PCA TP HERIAE
EEXS., BT dex 232, FRRHEBEA.
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ORI B Z e :

e PC1Efta: 1

[ER T PC1 E1FIEAIBARMITEBA S FF, airway B PC1 IERE dex 5,

bulk RNA-seq ST F A

o WHAEFRATK: EHAEETERNRER, RRARREEMESR, XHME design B cel1 MER,

B 3: HFAERIIER

Sample-to-sample distances (Euclidean on VST)

— 1

cell

NO080611_untrt 50 N052611
N061011
40 N080611
N61311_untrt N61311
30
dex
untrt
N052611_untrt B 20 I
trt
10
NO061011_untrt 0
N080611_trt
N61311_trt
N052611_trt
NO61011_trt
0 Q
(L)
=X
MR Z BMERNIEE (£ VST =/E) EARE, BR—RE, B—&MH + A—HARZANERN ZEE—RE., IREME

RIREHENFRERRMALHIAE, BIOIREFEREZERFED—E,

BioF3

14 | 65



BioF3 HFKIEDT bulk RNA-seq SLEFf

4: BEEMIT

DESeq2 dispersion estimates
Grey = per-gene dispersion; red = fitted trend (mean-dispersion relation)

10.00 cm e

1.00 1

0.101

Dispersion (log10)

0.01 1

16401 10403 16405
Mean of normalized counts (log10)

DESeq2 9tz " AR B EE—iElE mean-dispersion x&", BERABEREIELD . HEMGITAR, MERABBROEIBE
JENEHmEL. REBEESIMEANRIAEIE, d42EEE,

EXKETERRHIA: BBEETIMYERRATE, NRILERRI, TERAEREEFENFARE. EENMENIZ
BIXK—#, £ TALEETHRE,

5: pEZHS MAE

Global QC of DESeq2 results

Raw p-value distribution MA plot (apegim-shrunken log2FC)
Aflat tail and a peak near 0 = well-behaved test X = mean expression; y = log2 fold change (trt vs untrt)
5000
10
4000
13 [
%3000 _Eg“, 5 )
: 3 '-
g s
E 2000 %
1000
. I|II|III|I|Il|l||||||||||||||||I|||||

0.00 0.25 0.50 0.75 1.00 16401 1e+03 1e+05
Raw p-value Mean of normalized counts (log10)
* DE (ILFCI>1, padj<0.05) not DE

EhZ2RE p BEEAHBE., —KkBEMNEAHBEKXME: 0~0.05 —RRE (EEEEZMER), 0.05~1 FEHH (ERRIETH
B9 %H) . MREAHEMIESHIEIE, HABEHREGITELDD; NREMMREL (p E#E/)), FEER design iR T EEMW
HiBE MA plot, 1% loglo(HMERES) , Yl log2 fold change , LImEEE DE EE (|LFC|>1 B padj <

0.05), XEHMRZ apeglm shrunken LFC, {RFRIAER (M) 89 fold change #1E 0 #iI, BH"RAZR + REK -
fold change BE& "HIRZ.,
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6: Top DE EEFH#YI—1t counts

Top 6 DE genes by padj
Normalized counts (log10); each cell line shown separately

bulk RNA-seq SR F A

ENSG00000101347 ENSG00000120129 ENSG00000152583
[ ] [ ] oo
30000 A ° L °
[ ]
° 50001
1000
10000 3000
300
© 30001
=) 1000 { °
= ° 10 e® Cell li
=
pr oo, ° ell line
c o L4 ® N052611
8 ENSG00000165995 ENSG00000189221 ENSG00000211445 © N061011
©
g ° o ° N080611
= 10001 o ° 30000 ° ® N61311
£ L4 3000
s [ )
P4
10000
3001
1000 {
. 3000 °
[
1001 ° ° ®
[ ]
3001
° 1000 °
unltrt tll't unlm t;‘t unlm t;’l

1% padj HERAIER 6 NEREA normalized counts, BERMBRAEBEBR—THE. v #HZ log10, E1TERHEEER 4 1
untrt # 4 > trt =, SEAFXBALE y M EHBRA, EFARARANSRESALETETER, BLEBERNAE—H — X

& DESeq2 7T cell ZEMHARZEIEEZMUMNRE,

REIVERR

IR EZIE shrunken log2FC + [RY4 padj ER—i5k TSV:

de tbl <- as.data.frame(res_shrink) |>
tibble::rownames_to_column("gene id") |>
mutate(padj_raw = results(dds, contrast = c('dex", "trt", "untrt"))s$padj) |>

arrange(padj_raw)

write.table(de tbl, "de genes airway.tsv", sep = "\t", quote = FALSE, row.names = FALSE)

X5KRAIF: gene id . baseMean . log2FoldChange (shrunken). 1fcSE . pvalue . padj_raw , 3

clusterProfiler EY, fgsea 13&%%53\*55’75}%533&%0

B BCHEL
BIZRHIRT 15 FTIE airvay HRAIECHOSUBAAT. BAAMEA:

BioF3
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BioF3 HFKIEDT bulk RNA-seq SLEFf

# BN 1! tximport HULER
library(tximport)
txi <- tximport(files, type = "salmon", tx2gene = tx2gene)

dds <- DESegDataSetFromTximport(txi, colData = samples, design = ~ batch + condition)

# BN 2: featureCounts HBY counts B[
count _mat <- read.delim('"counts.tsv", row.names = 1)
samples <- read.delim('"metadata/samples.tsv", row.names = 1)

dds <- DESegDataSetFromMatrix(count mat, colData = samples, design = ~ batch + condition)

HRM DESeq() [ results() | lfcshrink() HEAHR., EXINEEES S HNI:

o HARE rownames FEA counts FEEMNTIFFE— (BIEIRF)
o WMRBFABHIR (RENEF run, FEIEFIZHIR), —EZH design
o /T 33 3 AUSLEN DESeq2 BERE, {EZITARES, FEIUMEZ design

BRI

111: 8 TPM & counts IE45 DESeq2

DESeqDataSetFromMatrix B AZIXMEIR — EHN TPM L 2EUEIEFE, 1B dispersion {HitR2RE2KE, p EAEE
I3, Salmon / kallisto # £ AYZE TPM # estimated counts, F tximport(..., type = "salmon") X counts?l, R
EHEE quant.sf B TPM,

11 2: design AN BIEEIEICATEMEIE

design = ~ dex + cell F design = ~ cell + dex E’J?L}{‘S%ﬁf{%@—’ﬁ, 8 results () iINREIRE—1 T 2893
tb. ERNHRHNTENREHLXREG], TN results() KEEIILE,

1 3: A relevel BIEFERIAIFF

R BEEFEIMEFBIRFHE ("trt" £ "untrt" BIE), XS5EK DESeq2 B "trt" HEE | "untrt" HXtt — log2FC FFS1E
WA, FESIR: B dds ZBIREIN relevel(factor, ref = "untrt") , BU{E results() 2 contrast =

c("dex","trt", "untrt") B&,

in 4: FBAFYE log2FC I TFiifMmA 2 shrunken

EFAER (baseMean < 10) K LFC EFERA, = |LFC| > 5 {8 padj &L 1 KI1ER. W FEDHT (GSEA HiF. A
1. ®E) —#FH 1fcshrink(..., type = "apeglm") , JF§A LFC R7EE supp table IJ{RE,

11 5: HiE(E padj<0.05, & pESH
p EESEE— M REN " BRERI0HE":

o fBE: EMSE + AYS
o UL RERWE (design FTEE) HBERTRHEAL
o BiiMrE: AREHNRERETF

Hi5c DESeq2 b hist(resspvalue) —HPE—HR, LLEE pad] EREAES.

THER

bulk02_deseq2_sci.R

T & airway DESeq2 527 2
12 KB
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BioF3 HFKIEDT bulk RNA-seq SLEFf

AEAHIRIFIR? 7£ BioF3 kil

T
BERN:

» O03IfIEEES: GO /KEGG /GSEA — ZRERERAREE—MHEREEDHT, EERIFMER
— [E—17 DE RIS REE IR AR 6 5KE

FEE e

o 05 ZAEHESS LRT — REVIITEBNEIFS [ FIEMMAE, Wald I8AREE, ZEk LRT
o 06 RN — SR EIEN design AR EATS

o 07 ZT HXJLEL — 284018 edgeR / limma-voom HEREFRESBRFA—H

W

=z
e DESeq2 EL#IE

e RNA-seq workflow (Bioconductor)
* apeglm 777A
e Himes et al. 2014, airway $UER

"4
i
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https://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html
https://bioconductor.org/packages/release/workflows/vignettes/rnaseqGene/inst/doc/rnaseqGene.html
https://academic.oup.com/bioinformatics/article/35/12/2084/5159452
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0099625

BioF3 HFKIEDT bulk RNA-seq SLEFf

BE
Q: ORA 1 GSEA B+4XA? A: ORA BEGTHERER (AHE), BEERERSES; GSEA INFHE, AEEERE
HFEERSHERHFENS T, GSEA ERE, BEARIL ORA RIEATEMT,

Q: EE ID 5% SYMBOL | ENSEMBL | ENTREZID IfifNA? A: clusterProfiler B enrichGO | gseKEGG EE&
ENTREZID; EERE/TA SYMBOL, B clusterProfiler::bitr() 5Y AnnotationDbi::mapIds() &,

Q: GO #J BP | MF [ CC iEIIT? A: A£¥=%idT2 (BP) REIRSE, o FIheE (MF) F4AAE4HS (CC) EA#E. =&FH
i1, ELEEEBP,

Q: GSEA B NES 1 pvalue E4f#IE? A: NES (Normalized Enrichment Score) > 1 FAEE, < -1 fa=&; |NES| i
AHEZE ., pvalue < 0.05 5§ padj < 0.25 fIHEE,

oo INBEEER: GO /KEGG | GSEA

EFERAGRERE™Y), EIEBERANE"XLEERERNNMIPLERE. MLLIHEE". EEEITRANMEERERIFNE
HES, EERERIRNREESHIBIFHINES.

AEZEF 02 DESeq2 Z8FKIA B airway WERER, T —BRERAN=MZE:

e GO (Gene Ontology) : ERMIEYTIE | 2FINEE | MERAD
o KEGG: FIEEMNAHPFESER
e GSEA (Gene Set Enrichment Analysis) : NMKiFEE, BHIEEHIFENSH

ORA vs GSEA Ffh B iR
XA ERLAMY, BEE—ERiREZEENNXS,

HWE BRASH (ORA) EREESR (GSEA)

BWA —K'EEERER"ZHR FRIEEEIHIF (REN statistic)
FEHE FZE (padj<0.05, |LFC|>1Z) THE

BREZE SRR 2 (R HL HETE AP LE 38 B EXBREARSE—THER
HATH enrichGO . enrichKEGG gseGO . fgsea

55R B B SHHERE statistic EIREUR

TR EREIN: MMERE, RXENE, ORA LA "IFEMHER. BANANER"; GSEA SEMBIFL " S TERMNAK, B
FBE—HTRE"NER (LbLiikE FEE6) .

FE—P B FRE AT AR EIEE
HORSLIGHZAYALIE vs X988, FH padj < 0.05 & |LFC| > 1 H{&15%] 50 /> DE EHA,

* ORALR: top BE "®REME". "HEFAT" — FRE 50 1> DE ERERIFE 8 TRETXMFBE
* GSEA 4R: top B "HAIAEF(Zi%HE (OXPHOS)" — XZBEK L 100 ZPMEREET LFC REF 0.3-0.5, Z—TiIH
8, ERFER—HTH

BM"OBE. §TERMEBE—H"0ES, ORAREEARR. OXPHOS HERZAGMMIET B R NEERXFMEE,
iw#E GSEA FTRIERX —EAH.

BioF3 19 /65



BioF3 HFKIEDT bulk RNA-seq SLEFf

EF ID g9

clusterProfiler #J enrichKEGG . enrichGo HFZE3RK Entrez ID S{EEIE orgpb BREYZI Entrez, airway B9 counts %Ef%F
A2 Ensembl gene ID ( ENSG00000000003 iXFh), TELM—HiEHR:

library(org.Hs.eg.db)
library(AnnotationDbi)

id map <- AnnotationDbi::select(

org.Hs.eg.db,

keys = rownames (dds),
keytype = "ENSEMBL",
columns = c("ENTREZID", "SYMBOL")

—> Ensembl ID A[EEXSR S Entrez ID (AR E®HR. EEERE), tWOJREXIMN va . HEERIE distinct()
filter(!is.na()) JBE—&,

EIURHl: airway £AY GO + KEGG + GSEA

FREMIZA bulk03_enrichment sci.rR ¥&& F—E DESeq2 WIZERTE: £ DE £5RAY Ensembl BREIRL Entrez - X E&E DE
E R GO BP/MF/CC #1 KEGG Y ORA > MEEEFER sign(LFC) * -loglo(p) HEFM GSEA,

Rscript scripts/bulk03_enrichment_sci.R
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BioF3 HFEIBEH T

1: GO BP £t dotplot

GO biological process enrichment
Top 15 BP terms from ILFCI>1 & padj<0.05 DE genes

blood vessel morphogenesis

circulatory system process -

regulation of system process 4

regulation of MAPK cascade A

positive regulation of cell migration 4

muscle system process A

ossification 4

regulation of actin filament-based process 4

epithelial cell proliferation o

regulation of nervous system development -

regulation of monoatomic ion transport

extracellular matrix organization 4

axon guidance

action potential 4

regulation of animal organ morphogenesis A

p.adjust
1e-07
1e-06
1e-05

1e-04

bulk RNA-seq SR F A

£2 DE E[RA7E GO biological process ER top 15 > term, &%l Gene ratio E"term EfpHf) DE EREEY / AR DE

ERSH", RAMARBPHE, HEE p.adjust,

airway EIEARRNIERNSE L7, HHREE
2%, ZMRER > MEER"HINUME =SSR D T REMAIEIE,

BioF3

BN BURRINN . KEEMERIDA .. MAEEREE. ERARS T
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bulk RNA-seq SR F A

2: GO =K% (BP/MF/CC) HJtop 8B

regulation of system process
axon guidance

circulatory system process A
muscle system process 1

blood vessel morphogenesis 4
extracellular matrix organization
regulation of MAPK cascade

regulation of monoatomic ion transport 4

signaling receptor regulator activity
receptor ligand activity

transmembrane signaling receptor activity 4
glycosaminoglycan binding 1

monoatomic cation channel activity

gated channel activity

extracellular matrix structural constituent 4

metal ion transmembrane transporter activity

extracellular matrix

presynaptic membrane A

cell-cell junction A

plasma membrane protein complex
membrane raft 4

complex of collagen trimers A
potassium channel complex -

collagen trimer 4

Top GO terms in BP/MF/CC
Top 8 terms per ontology, ranked by -log10(p.adjust)

m )

Q
(2]

o
U1
-
o

-log10(p.adjust)

GO Z=1FAfk: BP (£¥iId7E). MF (9FINRE). CC (MRRAD). =T —EBRLELEEHRIE: BP HIFR"EMH
24", MF SRR BEHADFIH", CCEHERR"EBREEME",

BESTFAMER top 8, HIBX7 . § Methods BRAIITRIXSKEIRERIAT S th =240 term, LEHIRE BP ExE,

BioF3
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3: GO term HHEEMNE

GO BP term similarity map
Terms sharing genes are connected; clusters suggest common biology

fat cell diﬁe&entiation
transforming growth factor be.ta receptor superfamily si‘gnaling pathway

positive regulation of locomotion
p’g\sitive regulation of cell migration

blood vessel'morphogenesis
muscle system processi

epithelial cell proliferation regulation of s&em process
® ) regulation of monoatomic ion transport~———&) .
axon guidance .actlon potential
tissue morphogenesis circulatory system processid

@extracellular matrix organization Inorganic '% homeostasis

. . @ .
regulation of animal organ morphogenesis

. regulation of blood pressure®
ggn%release
regulation of actin wament-based process

reglilation of nervous system development ossﬂcatlon

G protein-coupled receptor signalﬂg pathway

multi-organism reproductive process
regulation of MAPK cascade

[~ [

synapse organization

p.adjust
3e-04
2e-04

1e-04

bulk RNA-seq SLEFA#

BZ GO term ZEHEZEE (L4 "regulation of cell proliferation” ] "positive regulation of cell proliferation") .

emapplot i term ZEMNEFRESEMMNLE, RE—EH term BEHNZR—HEMZ.

SL:)

BioF3

XKERMMERETTR: HiESE top 15 dotplot BHKIIES term EHELEIHE—43E; emapplot BEERIEEN(1AR/LTNE
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4: KEGG pathway E£&

KEGG pathway enrichment

Top 15 pathways from ILFCI>1 & padj<0.05 DE genes

Pathways in cancer {

Cytoskeleton in muscle cells 1

Cytokine-cytokine receptor interaction -

Axon guidance 1

Hormone signaling 1

Neuroactive ligand-receptor interaction -

Inflammatory mediator regulation of TRP channels

Breast cancer 1

Vascular smooth muscle contraction

Regulation of lipolysis in adipocytes 1

Dilated cardiomyopathy 4

Circadian entrainment 4

Protein digestion and absorption {

Tyrosine metabolism

Retinol metabolism

KEGG Lt GO ElfiA" @B "NER — S pathway #E—KE HnEE (Lb4 hsa04110 2 cell cycle), 3E
EMMIERE, enrichrece PRIAELZE KEGG BY REST API, FRLUX—HFEEEEISG) rest.kegg.jp »

IR KEGG 89 pathway ID BIBZMMHS (hsa BA), HNEERE mu .

BioF3

@}
@
@
@
0.03 0.06 0.09
Gene ratio

bulk RNA-seq SR F A

p.adjust
1e-04

1e-03

1e-02

Count
O 10
O 20
O =0
O 40
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B 5: GSEA top Bi& (R%E)

GSEA (GO BP): top activated and suppressed terms
Ranked by NES (normalized enrichment score)

spindle assembly checkpoint signaling
mitotic spindle checkpoint signaling 1

mitotic spindle assembly checkpoint signaling 1
spindle checkpoint signaling 4

D-glucose import

regulation of spindle checkpoint 4

regulation of D-glucose import 1

regulation of mitotic spindle checkpoint 4

regulation of mitotic cell cycle spindle assembly ch... 4

negative regulation of sister chromatid segregation

B Activated

. Suppressed

positive regulation of nervous system development -
detection of stimulus involved in sensory perception... 1
cell fate specification -

sensory perception of temperature stimulus 1

hair follicle morphogenesis 1

amino acid activation -

tRNA aminoacylation -

tRNA aminoacylation for protein translation

positive regulation of synapse assembly 1

sensory perception of pain 1

N
=2
& o

GSEA 1% NES (normalized enrichment score) 81 term — M EEFEM"HITD. 468 (LAEE) RRXFEEN
BEREMELBABRFLE; B (TASE) RRBARET.

x4 airway, FIMBEIRERFUHMRBXNIDMN BEEEAEEEES, M ORA #y dotplot BAEIUIE.
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6: GSEA running-score &

G0:0019233: sensory perception of pain

0.0
pvalue p.adjust

% 02 sensory perception of pain  0.0001751  0.1292

&

<

[}

£

e

S

= -0.4 1

L

(o))

c

=

c

T 061

© 1001

@

= 50;

iz

—

8 o1

4

c

3]

T 50

5000 10000 15000
Rank in Ordered Dataset

SFExo® NES F9FE term BV EE GSEA B, ¥ EoMNHE&R "EHIR RERXTERMN Z1TAY enrichment score", IE{E
RS 0 EE, FEEERRERATPT—MZERENERANME; T 2RIA ranking score 97,

RKE SO IEELIEHIFNT—iG, BELD (SHRMRE) = BRBALE; BEAD = BAETE; BERER
A = REEBRPEE.

EIBCHEL

BIABANOR res WH ( DESeq2::results() R[E]), MEMITE (edgeR #J glmoLFTest . limma B topTable ) 1§
FIMNEFRREA log2FoldChange | pvalue | padj XLEFIth—1¥i,

N EERBELFMEANSE:

o HFh: org.Hs.eg.db ¥R B SRS OrgDb (/NE2 org.Mm.eg.db ), enrichKEGG (organism = "mmu")

o HHE: BAIA padj < 0.05 & |LFC| > 1 EEER™., /NBESANERIBIEIERI AR RSl padj < 0.1 & |LFC| > 0.58
o HRESEME: mincssize = 15 | maxGSSize = 500 WiERIH term, #UE/\AURHRAILARE T 57

o GSEAHIEZRITE: XEAME sign(LFC) * -logl0(pvalue) ; BB AR stat (Wald) B} log2FoldChange * -
logl0(padj)

MSigDB #] fgsea

clusterProfiler::gseGO H] enrichco WIERERFRH GO, EF MSigDB Y Hallmarks, C2 (canonical
pathways) . C7 (immune signatures) XLIEELAHMNES, HIEMWEBERE fgsea + msigdbr :
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library(msigdbr)
library(fgsea)

# Hallmarks
hallmarks <- msigdbr(species = "Homo sapiens", collection = "H") |>

split(x = .$entrez_gene, f = .$gs_name)

fgsea_res <- fgsea(pathways = hallmarks, stats = rank vec, minSize = 15, maxSize = 500)

7EE msigdbr 26.x EEFEERMIEITERIM zenodo T8, EINE%E zenodo KFEIEKM, AIAFNTH—H
msigdb.v2024.1.Hs.json.gz 755(§|J$iﬂ7,, o msigdbr: :msigdbr download_db() IEEHER,

BRI

1 1: A SYMBOL §i\ enrichKEGG

enrichkEGG HAEE ENTREZID, EiZIE SYMBOL £HEMEBLERLFLE (=K <5%) — FEHN KEGC AZTANZ
ENTREZID, K& bitr() F¥E—il.

11 2: {8 background HpE"EERERE"

ORA HJ universe (BRE) NiZ2XREHREBMEHICNINER, FTEVMEETER, RESSRUEFEES (NEF
BI&aISREE), enrichGO(universe = rownames (dds)) BE, ~EF,

11 3: GSEA B ranking A7 padj fif~& LFC

-logl0(padj) #BRIE(E, &BE M, GSEA MM enrichment IRE"HELIMEE"ARE, SRLEEMHE, 1E
AR sign(LFC) * -loglO(pvalue) S{EIE stat — WIAHEIERA,

a4 BERERTENREER

GO Hi2RAY top 30 AJEER MR 5 MHMILAIAEMFIEIR, FITHZITR term, emapplot / clusterProfiler::simplify() &7t
REBERSE. $EEE 30 FRIBU term SRSEEE

i 5: KEGG 7£4 API BY BT
enrichKEGG(use_internal data = FALSE) ZKMIATEZLE rest.kegg.jp, BREARARIETRIR. KEITBEF—(D4i

KEGG.db Z &M download_kEGG() BZ, XEOMAEMRINIMND API HiFFH,
THEIR

bulk03_enrichment_sci.R

 ai = sagg
12 KB T airway EEDITTEREIZA 2

FABAHIEIFE? 7 BioF3 L

GO/KEGG ORA 71 GSEA EFMIMELTE, #ZIFM DESeq2 ZR—HEEN.,

T
BERN:

o 04 XWE., AESEEANMN — ERERDFEEEAMMA KRN 6 5KE
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HECIRE (-

e 02 DESeq2 ZBREDT — EEERHE=BURT DE RRE, [BIki0E DE @& T
e Subramanian 2005 GSEA [FI&16X — GSEA EIEMNAEILER
o clusterProfiler book — EEPTNEETR, BHAETCENITEHEXE

SERR
 clusterProfiler 22
e GSEAEH

* MSigDB

 fgsea XtH

* enrichplot 35
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https://www.pnas.org/doi/10.1073/pnas.0506580102
https://yulab-smu.top/biomedical-knowledge-mining-book/
https://yulab-smu.top/biomedical-knowledge-mining-book/
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/msigdb
https://bioconductor.org/packages/release/bioc/html/fgsea.html
https://bioconductor.org/packages/release/bioc/html/enrichplot.html
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s KWE., RESERAAMNL

BI=EEME. ZRNERNET, T—ERH—ME: BERTEMEEERATIEXICRNE. SKEHE— T RELNA
&, JRIB—EREE,

EEEMZA bulko4 visualization sci.rR 1B DESeq2 + EEMREER—X (44%E 02 7 03), AEHE 6 sKAJMRLR

=Y
[=[=

Hoj

Rscript scripts/bulk04 visualization sci.R

— B3 figure E4HE
BAEEZH, £EEEEKEESYEERBINAE, — AL RNA-seq & main figure A% 4-6 KE, @S

= .
E

Figure NES REI R

Fig 1 AR + QC — PCA, BEEARE. FEX/N 02 EME 1-3
Fig 2 EF OB — KA + top DE HE RE E1-2
Fig 3 KEERERN — EXMBEREERRAD T AEE3

Fig 4 IhEEE & — KEGG / GO bubble + cnetplot RE [ 4-5
Fig 5 BEEURESINIE BUHE

—sKEIEIE—1 e, FEif 8 1 panel ] supplementary 2], BkE0EC: "EEETXKEREFHERMHA? " HA
BRI
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BioF3 HFEIBEH T

E1: XWE

Volcano plot: dex-treated vs control
Top 10 up and top 10 down genes labeled; dashed lines at LFC=1 and padj=0.05

bulk RNA-seq SR F A

1 1
I . CACNB2 SPARCL1
: : DUSP1
| : SAMHD1
: : MAOA
1 1
1 1 °
I | STEAP2 GPX3
1 1 °
1001 | | .
I | NEXN
| L MT2A
1 1 °
VCAM1 | , . ADAMTST
" kcTD12 ! ! ’
] o 1 1
© 1 1
8 PRSs35 CXCL12 | Down
2 ©  "SADAM12 i
=] CCKAR - DI:IM1 ) X NS
@ SOX4 ! ! Up
- ° 1 1
504 WNT2 COL1A1 |
. e % | 1o ° &
. 1 1 °
. 1 1 ©
. I 1 o0 o
o 1% S ol
1 %00 ’
o ol f
s ° o gi 8
. f o3 %::;%:
s 3,00t
. ‘ S.oa %?,;'72
. ° » %%
: o : 00 % nmgm
KA <yl
I ::ﬁﬁ":}zm
0.
1 1
L T 1 T
5 0 5 10

log2 fold change (shrunken)

KB EEREFANENIE — #E2E log2 fold change, #iIE -1logl0(padj) . B

MNERIR, MERELITE padj = 0.05 # |LFC| = 1 AYH{&.

—1EHE, HeXRRERE

BKENXEENE: RMIMIEREZERARTEEERE. HIAERAT top 10 up + top 10 down (#% padj #iF), A

ggrepel BHNEHL,

RS :

ggplot(vol, aes(x = log2FoldChange, y = -loglO(padj), color = sig)) +

geom_point(size = 0.6, alpha = 0.5) +
geom_text repel(data = label df, aes(label = SYMBOL), ...) +

geom vline(xintercept = c(-1, 1), linetype = "dashed") +

geom_hline(yintercept = -1logl0(0.05), linetype = "dashed")

M sig FIRIEIME. head(10) HUHIE. BIRERAE,

BioF3
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2: Top DE EFHE

Top 40 DE genes (row z-score of VST)

cell
dex

ADAM12
PRSS35
VCAM1
KCTD12
SOX4
CXCL12
DNM1
CCKAR
WNT2
PDPN
KLF15
FSTL3
PTX3
LAMA2
ACSS1
RASL11A
SYNPO2
ADARB1
INHBB
TJP2
SORT1
ERRFI1
FGD4
TEX2

TRNP1
GPX3
SAMHD1
DUSP1
NEXN
CCDC69
CACNB2
STEAP2
DNAJB4
MAOA
NNMT
MT2A
PER1
SPARCL1
STOM

EY padj &/)\i9 40 DEE, 7E VST JA—H/EM row z-score, ERE, FIFRERL TMBRSHMABRERA.

XKEERSENFARAXLE " "#—7" — XLEREESRTEEE, MEREEEREI"XEERESMTHARRREM
LRIFKF", JIRERIELEFANNBHEAZTERE -, TREFELBNTREEERS .

F pheatmap :

b,

mat_z <- t(sca}tgt(mat))) # row z-score

pheatmap (mat_z ,U
annotation_col = anno_col,
color = colorRampPalette(c("blue", "white", "red"))(100),
breaks = seq(-3, 3, length.out = 101))

3
Q
g

breaks SHRERE: RIEFGSTCEEER T INGERLEMAIE, (-3, 31 =2 z-score WEMTEHE.

BioF3

ADAMTS1

bulk RNA-seq SLEF}

3

cell

N052611
N061011
N080611
N61311

N

dex

untrt
trt
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& 3: FEERNREADH

Curated glucocorticoid response genes
Normalized counts (log10) across 8 samples; boxes span IQR

SPARCL1 DUSP1 KLF15
r— * 10001
° 5000 .
1000
30001 o
300 1
300 1
s 100+
‘51 °
1 4 L[]
2 100+ 000
@ ]
t o 301 o
3
o ZBTB16 FKBPS5 ANGPTL4
o
Q ° °
& 1000+
s =
E ° 30001
2 1000+
100 4
1000 o
500 1
101 °
300 1
300 1
L] L[]
1 T T T T T T
untrt trt untrt trt untrt trt

ENNEHMAEER FUSEIMNERE ( puspl | FRKBPS | ANGPTL4 | KLF15 | SPARCLL | zBTB16 ) B boxplot + jitter, y
2 log10 A9 normalized counts,

BMEANERIE WEEITEHOEAER: XMiRXEERIERNMNER, HINEEEHRIER TR,
REERICH CNEBIENERAIRMZ L.

ggplot(count_long, aes(x = dex, y = count, fill = dex)) +
geom_boxplot() + geom jitter() +

facet_wrap(~ symbol, scales = "free y") + scale_ y loglO()
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KEGG enrichment bubble plot
Top 15 pathways; bubble size = gene count, color = -log10(p.adj)

Cytokine-cytokine receptor interaction 4 .
Cytoskeleton in muscle cells 4 .

Calcium signaling pathway

Axon guidance 1 Gene count

Neuroactive ligand-receptor interaction 4 . : 10
15

H ignaling 1
ormone signaling ‘ . .

Relaxin signaling pathway 1 . . 25
Inflammatory mediator regulation of TRP channels A .
-log10(p.adj)
AGE-RAGE signaling pathway in diabetic complica... . 35
Regulation of lipolysis in adipocytes 4 . 3.0
25
Neuroactive ligand signaling { () 20
Circadian entrainment 4 . 15
Longevity regulating pathway - multiple species 1 .
Tyrosine metabolism A [ ]

Retinol metabolism{ @

0.02 0.03 0.04 0.05 0.06
Gene ratio

bt dotplot(ekeqq) HIENIAMRAEBEEE: S A/NE gene count, FIBE -loglo(p.adj) , HEHIE gene ratio, —3k
ERNER"BERESE". "EEN". "BREGHTSVER"=DEE,

X bubble 248 ggplot 58, A& enrichplot, TR IUABEZTMEELER ( enrichGo . enrichPathway . GSEA

ggplot (ekegg df,
aes(x = GeneRatio num, y = reorder (Description, GeneRatio num),

size = Count, color = -loglO(p.adjust))) +
geom_point() +
scale_color gradient(low = "blue", high = "red") +

scale_size continuous(range = c(3, 9))
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B 5: cnetplot EE-EIEME

Gene-term network (cnetplot)
Top 6 GO BP terms and the DE genes driving them

YOZ2

bulk RNA-seq S F At

CYP19A1 INHBB MYHIS
NEGR1 CTSC  GRIN2AT - o PDLIM5 RACS
TENM4 KCNB2 WASF3 LMOD1 & N
SCN7A PI16 LMCD/ SEMaeD /GDF7
OXTR PLEKHG4
ASIGo ABAT ATP2AR MSTN JFOX03 APBB2 CDH4 O NAY
ABGGY - .\ gCACNB2 EGR2 A
SPTBN4 FGF13 STCH GDNP ULKo ABLIMI1
BDKRB1 CLIC2 NRAA3
GCH1 KCND3 KCNE3 CXCL12 NEXN
AGTREP CORO2B a5 regulation: of system proce’s@“scr\‘1B FLRT3 KIAAT755 size
KCND2 EPHA5
KCNKG §iSD 1182 CORIN BOKRB? muscle system process 4 FESBKAS CHL1 35
SLoeag — TBX18_ ARHGAP42 7 7/ TRPA1 axemagidance 40
PER2 CACNA1G FOXO1 EPHB6 .
ERRFI
sLc7As  SLC16A12 NEDDAL KLF15 HIRzA LAMA2 50
TJP2 |ER3 circulatory system process ADRAIBT L AGT  C1QTNF1 Gp AR SEMA3A
ADRA2A ADORA1 55
SLC38A2 EPHA4 CDON
POSTN ACTA2 60
GCLM NRK
SLC24A3 SLC6AG APM2 TMEM100 | LEP L. TGEB2 D15 NGF KR!
SLC5A6 SGCD P RAMES NEK10
Tymp. GON3 CBS,/| /VEGFA _ RASSF2
DDAH1 PTGS2 EPHB3 regulation 'of MAPK cascade DUSP10
ANPEP HMOX1 FGF10 ROBO1
e Yo e PAK3 NAMPT )
EPHB2 LBH PRKCE
P2RX7 TRIB3 LIF 0
DUSP5 IL34 2
SAT1 RHOJ i JUN THBS1 DUSP8 GADD45G  ATF3 L
RHOB WARS blood-vessel morphogenesis CANT PLOG2 GPR37 TNIK
GEN2
BRCA1 PER1 | GADD45B
ANG © PIK3R3 APOD FGFR2 SubeR ® FAM83D
IL12A SIPRY apoB HPSE FGF22 PSCA
SOX4 '
HIFSA ~GCoLans” ~FZD8 HSPA12B NRG1 DUSP1
GR3 FzD5 COL4A1 sl
SFRP2 PLXDC1. ADAMTS{ TGFBR2 VASP:%QDM1
MFGES @KLFS  Eor7 GLUL °
RGCC
ADAMI2  ¢irED2

enrichplot::cnetplot I GO term FIIRENXLE term BYEREE B _E8E:
1% log2FC &8,

ERBARRE term, FENREZER, B

XRKENNMER—REZ"MEEERSFERAZ" — HEZERTEEREYZ EHXHA master regulator, 1HiEEID B
AMEEZRE"EE A BRK 3 FREHAZ, RIRERAEZSXREN ERA",

BioF3
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& 6: GSEA NES forest [

GSEA NES forest plot (GO BP)
Top 10 activated and top 10 suppressed terms

spindle assembly checkpoint signaling
mitotic spindle checkpoint signaling

mitotic spindle assembly checkpoint signaling
spindle checkpoint signaling

D-glucose import 4

regulation of spindle checkpoint

regulation of D-glucose import
-log10(p.adj)
@ o3
@®
@

® Activated

regulation of mitotic spindle checkpoint

regulation of mitotic cell cycle spindle assembly ch...

negative regulation of sister chromatid segregation 4
positive regulation of nervous system development 4
detection of stimulus involved in sensory perception...
cell fate specification ® Suppressed

sensory perception of temperature stimulus
hair follicle morphogenesis

amino acid activation

tRNA aminoacylation 4

tRNA aminoacylation for protein translation

positive regulation of synapse assembly 4

sensory perception of pain 4

0 1
Normalized Enrichment Score (NES)

o

GSEA MBEHmERERAHF, B3 term —i2E. TEEZEMER, forest BEEHFE. #HMRZ NES, HHZE term BF, =
KINE -loglo(p.adi) , ERBXDEUE [ 1,

HBEE waterfall, X3KEIERSMEIRL NES £ 0 KIBEE (segment £E%) 1 BEMEE (2K, EEEEES.

TR

o Hits: KERE /4 R=B2RE), BB viridis XMPELE; THEcRX " ZIEPLEERE"

o FRE: WREHBI 30 NEILIAIE; BEAT top 10-20 FEE T

o EEID: #E / XILUEEFR SYMBOL 72 Ensembl, —EBAREAMML ZBIE SYMBOL BREf =

o AMTHTEE: AXLEMBRERIE padj (Eb1 1e-300), B pmax(padj, le-300) IHTEREREIKRE

o B IBXEEIN dpi = 300 HIZF PNG; REfF JPG (BEZHEHNET); BIIEE TIFF / PDF @EE], W ggsave()

B device B

#HIENLEBHERII:

In: METTH z-score {B%FRHI breaks

scale(t(mat)) 3R] z-score SEEATHE [-10, 30], pheatmap RIARIERETEEMHFZIBIH — 4R 99% NEREAGH
sEa®e, LTRIGEEIEE"AIE", breaks = seq(-3, 3, length.out = 101) EEMALIR, BHTEMNEERRIRR.

n: KUWE padj = 0 WEFEE T Inf
#9 DE TERHilt padj =0 (A F4), -loglo(0) = Inf It ggplot REEHER. pmax(padj, le-300) HIIBE,

BioF3 35/65



BioF3 HFKIEDT bulk RNA-seq SLEFf

i: cnetplot MERKZHE—E

cnetplot (showCategory = 5) BAIAE/RAI 5 & term, AR term ZEXAZERZ, I+ PMERFHR—IEEHEE, B
:_rx showCategory = 3 + node_label = "category" ,Jiﬁ term T*FJTE., E,ﬁﬂ*ﬁo

ii: ggsave PDF F{fEk

ggsave(file = "fig.pdf") ERLEFARTEHL HIZIFEDFR" "9 PDF, 1IRFSATHKIE. B device = cairo_pdf 33l
BRAFH, FEEEF png 300dpi,

in: facet_wrap B free_y it boxplot BEERE AL

facet_wrap(~ symbol, scales = "free y") it’é"ﬁlﬂ‘]yimﬂi i L"ESPELEERZK"., BREXIEE
S scales = "fixed" , IHEEEFL"ER A 9 fold tLEER B KZD",

THER

bulk04_visualization_ sci.R

T airway aJ{{LTEMRIZ ~

16 KB
T—%
bulk RNA-seq B2 HaEIZIIX—FA1E, EESM:
o ZETESFFIEMNNES DM ( LRT vs wald )

o HORMNEEZMNIEE (RUVseq. SVA)
o EMEAEMEREL (fgsea + MSigDB Hallmarks + Reactome)
o EIAPA vs bulk B ES TR

BERN:
e 05 ZEYERS LRT 1950 — RITERNEFES [ FIEHEN, RAEAOXLE + REZHERE
o 08 AIEMIDITIRE S ERRT — REEEAHLRH R Markdown RE, BARTAEEE

M EE

e FigCode KILE — fELLIE(RAY DE REi% demo HIELE
o FigCode #E — EZE (27 annotation, BENXRZE) KRN

SERIR
e ggplot2 BEX

* ggrepel
e pheatmap

e ComplexHeatmap

e EnhancedVolcano
e enrichplot BI{{¥.E
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file:///figcode#volcano
file:///figcode#heatmap
https://ggplot2.tidyverse.org/
https://ggrepel.slowkow.com/
https://cran.r-project.org/web/packages/pheatmap/index.html
https://jokergoo.github.io/ComplexHeatmap-reference/book/
https://bioconductor.org/packages/release/bioc/html/EnhancedVolcano.html
https://yulab-smu.top/biomedical-knowledge-mining-book/enrichplot.html

BioF3 HFKIEDT bulk RNA-seq SLEFf

oo SHIE RS LRT 1230

BILEMBOHR " MALLR": IR vs M8, EXMBEEZXEBREEXMNZIT — —HETE/E, FEHE, S PREEG
— XEHMEFAA Wald 130957, DESeq2 A TR ITEEILR:

o FITAXNEMAZEIN: -~ strain + minute + strain:minute , [EIY{HITERNIRZE

o LRT (fLISALEHEEE): MR TEERBLEBHBRUETEEFTFINE", —REIMERENNEGS p &

AREF fission BUIRHMET AR B SR TR EFES: AR vs atf2idel T[IEK, 6 PATEMS
(0/15/30/60/120/180 min), SMAE 3 MEMREE, H 36 ML,

SEAFIRITAXOEE
RS, FIEHE. SRHIRHRT SEFRI . BEEN design AR, FEERH MDA
1 (RERRNRERE, RERE, FREMIENLL?

8] 2 LY

"B EERNEE? " (REEK) ~ minute LRT, reduced = ~ 1

"ERERIEE? " (RERE) ~ minute + strain LRT, reduced = - minute
"ERRX B (B g BB 2 ang? ~ strain + minute + strain:minute  LRT, reduced = - strain + minute
"30 PHINEMRERZK? " FERAR Wald on strainmut.minute30

2. LRT i£2 Wald?

e Wald: —> contrast — P p B, "Avs B EE&HET"

e LRT: —%f contrast —455& p B. "{Efd contrast EEEZE"

LRT E&"HAMEM T EAENERE, ERMEFIBELTR—HF", Wald E5"RELMBREEMTIILE",
EHE RS E HERIZ: 5 LRT M " WM ER", B Wald BiEEAEER., AEHAE 5 22X M.

Wald #6384~ 82 FI A9 R fix
DESeq2 HIZRIA results() fHAYE Wald test, EIZ"E—NITEE (contrast) WM ERRE", WREHE:

s "BEEGEHI—IHRESR LA IEREER? " — Wald AT, BENE—WNERBRKREEH p B, MOET™E
o "HYRIEMBERARERSHENZ-MLXR? " — Wald REEBEM M HIERXLE
o "EXBRNTHDATENNBAEREAE? " — XS HEAIIE IR
LRT (ERRER: BA—T"ZERE"N—T"EAEER", REERBEETHUARSEES TEAEER, IRE, i
BAEREERE ZHRNITLES N (BEERREM) &RETHEXES.
B{KZ| fission:

# full BEREM, reduced FEE

dds <- DESeqgDataSet(fission, design = ~ strain + minute + strain:minute)

dds <- DESeq(dds, test = "LRT", reduced = ~ strain + minute)

res_lrt <- results(dds)
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b

res_lrt EETERMN padj BZENE: XTERNRENIDN, SERMEK? ZREZNERMIE "WEIDNE atf21 72
MmEERE"

HLRfl: fission BFEFET

BCEMIZA bulk05 timecourse sci.R JIE fission - EBIIESROMIZIT - LRT #&36 > H 6 3kE:

Rscript scripts/bulk05_timecourse_sci.R

fission X ERAE "I EERMN" LESIFERER (ARZHNEMNR), B strain:minute WREFSLLRES (atf21 MM
BRI RABARKLE]) . SEFREE TSR LRT 7£ padj < 0.05 TRE T/ ER — XASHME—TEENYFE R BRETEMR
BEWMPEEHMEFE.

E 1: PCA BEFLEH

PCA on VST: fission time course
Color = time point; shape = strain (wt vs mut). PC1 tracks time, PC2 separates strains.

101
Minute
5 0
15
)
- MAe 80
2 60
o
e A~ ® 120
0 )
§ L\ ® 180
Strain
5 @ wt
A mut
.10.

-10 0 10 20
PC1 (61%)

BeRTiE, IR ER, PC1LFEN B4 MO min (%) 180 min (RL), HAGE—FINBLHFT.
PC2 EMTEMNE—ESDE, {BLE PC1 LAIRIEIMN S,

XEKEIEFE—TEE: HEEREENZFFR, RFIRITATNEE ninute HERNEIE.
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BioF3 AZHIE DT bulk RNA-seq SR F A

Bl 2: LRTp HSHS4=E

LRT: which genes have strain-specific time response?

LRT raw p-value distribution LRT test statistic vs expression
Peak at 0 = many genes with strain-specific time response 4 genes with padj < 0.05 (interaction non-zero)
100
400
751
300
0
Q
< !
S B padj < 0.05
9 200 2 507 FALSE
3 = © TRUE
E 5
=}
=z
100 ‘l‘ll‘l“ll‘l‘ll‘ ““‘ “‘ 25-
0 04
0.50 0.7 X 0 2 4 6
Raw p-value log10(baseMean + 1)

AIBZ LRT R4 p EMNEAE., 1 Wald WEFE—##: 0 MiEHE peak iHEABEES, MRIOZEHS., AiLEHZ
Iog10(baseMean) Y2 LRT SiT=E. LRT RitEHAIRF "TEER L EAERGT NEENE, SXAER (FM) B
ERITEEA — XZE RNA-seq WERNS: SXAERBIES. NS,

3: Top LRT ERE AT EHNTE

Top 6 LRT genes: time trajectories
Points = biological replicates; lines = mean trajectory per strain

SPAC1002.17¢ SPAC1002.18 SPAC1002.19
[ ]
10004
1000 1000
100 4 500
100
~
o
=
= 3001
k]
2 . .
c 10 10 ° Strain
2
o SPBC2F12.09¢ SPNCRNA.1628 = wt
T
2 1000 400 R . - mut
©
£
£
o
=2
3004
100
10
200 {
L] L] L]
0 1530 60 120 180 0 1530 60 120 180 0 1530 60 120 180

Minutes after stress

3t padj &/N\#9 6 MER, IEFTEMRE normalized counts EIFATEIMIZ (R = EE, %k = EIVESME), TTUEE
wt 1 mut BRI TE R LERT B "o X" — XFL2 LRT #IRNES : MREIAIRT—E,

RMEESIEXZ"HNE "RIZONE: EHRN LRT SUTEERM" X TEEE 30 2 ¥R IATERZRE TR,
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& 4:

z-score (VST)

0.5

0.04

-0.54

0.5

0.01

2.04

B

BRECAYRT [E] 05T

Top 500 LRT genes clustered into 4 trajectory groups
Thin lines = individual genes (z-score of VST); thick lines = per-strain mean

bulk RNA-seq SR F A

c1 c2
2.
,,,,, — = N

Strain

c3 ca = mut

3.251 —_wt
3.001
2.75

250 v
2251
0 15 30 60 120 180 60 120 180
Minutes after stress
BX LRT HEREI 500 MER, M—RBXRRE, 5 44, SHEESTMERE—FFEAME (z-score), xEMEIBELER

TEMHEBYIE.
gt‘.ﬁ’]{;nﬂ\g?ak
MLEER"RIaR, BT (C1)

IRLE BRIRRL . 52
IRLETERR N ERIE) 5 2]

MLEAE—TEREBN. 5

FHE" (C3)
—H{ERETRE (C2)

— T EHRETMmLN (C4)

AN E BiX5KEEEEE dotplot BREEEAEMAEMZ IR,

BioF3

40 /65



BioF3 HFEIEH T

5: $5EM B =3 E volcano

Strain x Time=30 min interaction volcano

bulk RNA-seq SR F A

Genes whose mut-vs-wt difference at 30 min departs from the time-0 baseline

-log10(padj)

0.51

0.01

8 -4

0

log2 fold change (interaction term at t=30)

NS

LRT &iFR"IPLERNMMRBEK", EFSFEEBTREREFEAR. EEMUEFNER, A Wald 12302 ENS M —

MR BRI :

dds_wald <- DESeq(dds) # default test = "Wald"
# B resultsNames(dds wald) BEEMLERE

res30 <- results(dds_wald, name = "strainmut.minute30")

strainmut.minute30 X PTRIEZFNZ: 7 30 ﬁiqlﬂq, mut ] wt Zlﬁ'ﬂ"]iae-r'-, 1833 F e O E"]E%i-ﬁ'—, =5

1E{E = mut 7£ 30 DPLt wt FHREZ; ffE = mut AFED IR N,

BioF3

2&F?
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6: Top LRT ERHRE (RETEIHEF)

Top 40 LRT genes (row z-score of VST)

minute 3 minute
strain 0

[ SPAC1002.18 15
SPAC1002.19 1 30
SPAC1002.17¢ 60
SPBC2F12.09¢c 0 120
SPAC13C5.04 180
SPCC61.03 -1
SPAPB1A11.02 strain
SPAC5H10.02¢ -2 wt
SPCC757.03¢ mut
SPAC11D3.01c =
SPAC1834.07

SPAC31G5.09¢
SPNCRNA.600
SPBC215.14c
—I: SPBC1A4.01
SPNCRNA.784
SPCPB1C11.03
SPCC1235.14
SPACBE11.10
SPAC1F5.05¢
SPNCRNA.1101
SPCC613.02
SPAC27E2.02
SPAC19G12.17
j SPCC1442.15¢c
SPNCRNA.802

|| SPNCRNA1318

SPNCRNA.1628

SPCC1494.01
SPBC3B9.09
SPCC569.03

SPAC328.08¢c
SPBC1734.02¢
SPACT7A5.08
SPBC17D1.05
SPBC2G2.03c
SPAC664.04c
SPACECS.08
SPBP8B7.03¢c
|| |spactoos.or

FREME + EEE (MEFIERE), T2 top 40 LRT EE row z-score, #EMALIAREEIESNERERENTN; M
A& ML E F TR,

Hith® RV E Figit
BIHARNSEMAENFE, —EE:

[k design 1036730

1

MZALER

condition results(dds, contrast =

c("condition","B","A"))

TR R ~ batch + condition Eil-

ENEIE3 4 ~ minute (&F) LRT: reduced = ~ 1

B8] x B3R ~ strain + minute + LRT: reduced = ~ strain + minute
g strain:minute

EELLFIE 0 N ~ dose (HEZE) Wald on dose coefficient

S + iR ~ batch + tissue + condition results(..., contrast = ...)

(e S:HEUIR

1. ERINES—MIL design |RIF, results() AIABE
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BioF3 ¥ HEHH bulk RNA-seq SRBEF
2. LRT BY reduced EM full REMIROKIFLD — EF/EZ, LRT MEERNQNILTNAS, BIESTE

1 single-cell B43FLE
ERUM B BB A R + SAIATEAZES" (bb0 Slingshot + tradeSeq), BEH bulk B LRT £ #HMER"EFFREES
BEENESETERAAMTMN", TEES:

e bulk f§ minute 2 EIZIFAATE S, HEERH. HX%,; BMEAN pseudotime SHEBTLEAVEETE, E7THEBR—
(=]
o bulk 89 LRT &F counts A "IN *h; tradeseq F GAM IS ELEH T

BRI

1 IERESEBERS

design = ~ minute (minute & numeric) RRIZ"EERAEGIELETMN", BEMZMMBETSL NN (KA
B, HEIEE) ., BXIAME minute 355 factor: dds$minute <- factor(dds$minute, levels = c(0, 15, 30, 60,
120, 180)) , IHEEIRSLITEMEERAIKE,

REEMRAIEFRIR"FIZ0N 28 EL "IN IE dose BE numeric,

I 2: reduced f full ZKZ S LRT BHEREL

LRT #238#92 "full EE reduced ZH ALK EZEM", WR full = ~ batch + strain + minute +
strain:minute . reduced = ~ 1, LRT [EiY#83E 4 HFEMNEEEEY — FEREEHIRTEREM IR, reduced REE
full IMRZORIBB—IR, ERAIFHEIL,

11 3: LRT ZJ5H Wald B4 7 &8 DESeq

LRT #{ ™ dds <- DESeq(dds, test = "LRT", reduced = ...) ISHZE LRT EH,; ZEff Wald %7 dds_wald <-
DESeq(dds, test = "Wald") EI—IE, A BEEHIE results(dds, name = ...) BVZRZE, IFSH LRT iJ{&AY SE, 4
RAS,

In4: KEMEFNEFHHNMRS

REx EHRR ERRESERSEMFA T REMEREGN — AE D ERNIENMNERAEELERS, REVERE
EHBER, fission RIPEIEE LRT padj < 0.05 hRI/L+TMEE, ZIEEN, TEDHMET . 5%E PCA REHBENE
o BHEHES8E.

I 5: A vst FRYEMISEMEEZEET batch

vst(dds, blind = FALSE) & design {58 X batch §0i; blind = TRUE AS, MWIEHBRIMAITS P blind
= FALSE , ZNI batch RERIESENITIREL.

THEIR

bulk05_timecourse_sci.R

T4 fission BHEFF LRT STEEIA 2
12 KB

F—#
BERN:

o 06 HRFN — FEFFIEREFEEBEZ MMUFIIR, T—H2IE batch tiN# design

o 07 ZTHN — limma By contrasts.fit EZHEFIRIT NERLE DESeq2 LRT ERiE
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EAES R
o EBYMAR 05 # TR — bulk B LRT 52 40EAY pseudotime FER I FHi@
e DESeq2 Hf[8]/Z%! vignette — B A IR

SERR

e DESeqg2 vignette: time course

o fission %
e Leong_et al. 2014 [FIAFER
e DESeqg2 LRT vs Wald

BioF3 44 /65


file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module05/index.html
https://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html#time-course-experiments
https://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html#time-course-experiments
https://bioconductor.org/packages/fission/
https://pubmed.ncbi.nlm.nih.gov/24867481/
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o7 HEYRZXNI: ComBat [ SVA [RUV

#RZENIE RNA-seq BERBZILA LHMIRERRZ—: B—RNTHOHATEER; B—TRINEAFRRTEES: F—
i lane HRIFARGEE R, BEXNENFEFURBEIMIAZEEE, SN ZESER"MEERSE,

LIRHERB = FERERL

RiE B L RidhrE s
BRI AR design = ~ batch + condition HREMBES BNEHEIZTERE
ComBat (sva &) BEREIRIAIEME, ERERIAR " #REM; FETHIATERERR
N N}
SVA MRAEFEGIT"EARNHIRE  #ORKH, IAEEHMRALZR
(Surrogate Variable Analysis) =
RUVSeq FA control genes {HitFARTR A spike-in E AR EER AT

RER: BEMERITHMINEIRT (&TF) . RITAHRERERAFEFRB#RITE L ComBat / SVA,

G EFasizEnNE: #RIRITEIFRE
ERERANERZE, BRBNSEERZIM, RENILREBZETRR N ERMmER:

HIRMGE ISES IETRE

FIMSSER . S EMALE batch ] condition TE£IRE, TiEDHE 81 batch ESFMAER
BE—TARM— BRIEABGEREF BRAERENL LS B AMEELLF)
WFISEEERA (V2 vs v3) chemistry ZFF# batch E—In 8 BE—Htid 5]
—MRERRE—RUE REERANEEIRE EDNTHEEAMRAEE
LA BHARIRAHR ENHORAZES randomize AR

BEERN—SN: LIS ER condition 1 batch 247 balanced () — &1 batch E& condition #HG#
K, BEBETMEEET, 4iitL unfixable,

=45 F: bladderbatch
bladderbatch 2 sva fEZ IR microarray #1E, [ERANHRIVEERSEERE, 7R ERFIONRE

batch
cancer 1 2 3 4 5
Biopsy 0 0 0O 5 4
Cancer 11 14 0 0 15
Normal O 4 4 0 O

R batch 1, 2. 3IFERE—HHAR — XFEEAIT" (confounded design) , SEE™ER—EREE, BIRBEN
AR, B bladderbatch BB Y BEBMNES, BEELAERESENHER.,
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S22 microarray ¥iE, HURRIERRIEN RNA-seq T2—1F (BUIELZT voonm B VST TMZfE, MEAR LHEEM
IERSHOESEEYR M), THISEE.

BESLiRfl: =HsREgITLE

ELEMIZAN bulk06_batch _sci.r [EIRPER bladderbatch L) ComBat / SVA [ batch-in-design, LA airway EAJ"IE
cell Hittx",

Rscript scripts/bulk06 batch sci.R

1: ComBat Hifg89 PCA

PCA before vs after ComBat (bladderbatch)
Raw: PC1 tracks batch; After ComBat: samples regroup by biology (cancer status)

Raw expression After ComBat
50 A
50
A
A A
A A AL A A Batch
25 A A o 1
A 25 A 2
| ] A ® ) 4 A A @3
0 ] A A ® 4
(E ° u | A - VN ® 5
A A 0 . . ‘
25 A A A A u Cancer
A A A @ Biopsy
) [ ]
P ® A A A A A Cancer
50 A A -25 2 AA A M Normal
A
A
A A
=75
-120 -80 -40 0 40 -100 -50 0 50
PC1

%38 raw: PC1JLFH batch £ — FEMR (FilR) K&, FRAR (BERS) SFEEL. B ComBat 2
B BRRIOR (BBERT) FIEEH, B (batch) RTTEEIH,

XEKEHERURBN AR ENN T - [RIGERFEIRESR > £EMFER. ComBat AL X TIRFHIEIE,

library(sva)
mod <- model.matrix(~ as.factor(cancer), data = pheno)

combat_edata <- ComBat(dat = edata, batch = batch, mod = NULL)

mod XEE NULL RIR"MRIPEEAEMZZE", FTRAZE. NRFHIEL ComBat IBEMES —i2iRiE, ATEN mod
= model.matrix(~ cancer, ...), &IF ComBat "X7I|E2EREB",
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2: #FREREME

—] 200 Hetteth
" = o e 150 gl
I I =t t = 150
L 1 100
I ! T 100
—
—
50
I — 50
! ®
|
u
; N
f : I — T
—
3 T I =
f

IR PCA BEXMNYME: HARMM ZBRRIIER, WIERIHAR batch RE—#E; RIE/EHR cancer KGR,
IE PCA + EEEAE RN, WIRNZER.

g

yoreq
Jaosued

5 Methods E&

3: SVA {hitthrvfaEE

SVA recovers unobserved batch-like structure

SVs vs known batches
High Irl means that SV captures (at least part of) that batch

First two surrogate variables
Batches separate along SV1/ SV2, recovering the hidden structure

A
A A
Sva -0.05 0.14 0.1 0.02 -0.16 . A
02 A A u A Batch
A ° A, A A o 1
'Y A o2
Pearson r 0.1 °
sva -0.32 -0.15 -0.07 0.10 10 A A ® 3
- T :
A
05 o~ . A ® s
>
00 @1 A 4 ° A A,
A ° A
0.1 0.08 . 05 » = A Cancer
-1.0 -0.1 @ Biopsy
A A A
A A A A Cancer
LN B Normal
0.01 -0.01 -0.07 02 A =, &
A
batch1 batch2 batch3 batch4 batch5 -0.3 -0.2 -0.1 0.0 0.1 0.2
Svi

SVA TMK#t batch 7% — EEEMFRIARERMEGTTFAEY

(sv).

FTELRNARSELTR", 45R0 surrogate variable

ZER SV MIEA batch RIHEXMEE, 51 SV & E— batch X MRIE — FRE SVA BINERBRIM IR ST
HRT ., AEME SV1vs SV2 BAEIR, RIFESIHRER: FEHUREFRE SVA ZEEHREI—IE,

mod0 <- model.matrix(~ 1, data = pheno)

n_sv <- num.sv(edata, mod, method = "leek")

svobj <- sva(edata, mod, mod0, n.sv = n_sv)

# 1B svobjssv HAEFFIMFE limma / DESeq2 RUIRITIERE

SVA ftARHMER: ST2AANE batch, HEXE batch EFREAZMREE (XFIHUR. BIEAL H8S drift) B,
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B 4: =#:REEH DE BERE

DE genes (padj < 0.05) for 3 batch strategies
bladderbatch Normal vs Cancer; batch-aware methods recover more true DE genes

12690 12594
10843

10000 A
»n
2
[
(=]
11}
[a]
)
g

[ 5000 4
=
=z

0 -

Na'ive Batch in design S\'/A

Xf bladderbatch B Normal vs Cancer BJEE#R, =F#ZERE (naive. & batch MN#iRiT. A SVA) L3 limma, 4iit
padj < 0.05 WERERE:

e Naive (ZEHR): EEERFWALRIZERER, KEZEENESHES
e Batch KU design: MHEZERS
o SVA: M—HIZHEIIMIBRTSE, MRS

ROKE R EEMEBALAREAZE "BH"ERE, MEE"LREENEMRES MRS EZHEK",

5: =FREZHY DE BERES

DE gene overlap across strategies
Which DE genes are found by which set of strategies

Naive + Batch in design 1 _ 2279
SVA 1 .555
Naive I188

Batch in design 70
Batch in design + SVA 1 65
Naive + SVA 1 43

0 2500 5000 7500 10000

Number of genes
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DE ERFIRE=FIRIEZENES.
B-MREHLAUNEERESHROBLY, EGERKE.

6: airway EiE cell %iit®

Airway: blocking on cell line recovers more DE genes
Same data, same contrast (trt vs untrt); design matters
4000

4000 1

3000 1

Number of DE genes
S
8

1000 1

i .

airway & 4 MHBRAR, STHABREE trt M untrt MR, ARRZENELARAZERE " "RARIR" 19—

EEEMN,

® design =

® design =

padj < 0.05

~ dex (BB cell): EMMRABDNBEREHRLE, REMSHA, DEEFED
~ cell + dex (i cell [#tE): MIARBMELFEEIZIE, 1050 dex MNNINNES

padj < 0.05 & ILFCI>1

bulk RNA-seq SR F A

REENTENE: naive RANP—NSEE, SASHIRMRFRERML? EIY

DESeq2 design

. ~ dex only
. ~ cell + dex

AF

£ padj < 0.05 & |LFc|>1 XPSLAEIET, 1 cell hNi design FIMIE DE 2EEBM/IBETREIE T, XikiA

DESeq2 E"batch A design" FE2 MR, 2RAEE

PGP E S

SCREIN:
=112
batch BE40.
batch E240.
batch E240.

batch F<40

ESSESLSID

okk
=
5
gl

X

dt
tth
am
ik

H spike-in T housekeeping

T TAERIES design (EAR GSVA Z2K)

~ batch + condition

B + {F4Ri0Z PCA / distance
®itA5HEE, REEW, HRSVA
SVA, {at SV ZEhni# design

RUVg 8 RUVs

ComBat HiERIEERF

WA BEMNE: ECLBRTEFNEUEL RIRENIE—IE ComBat", ComBat St KEWELEYZTRMTE, B
190 type Il error,
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MEBMEBERIRR

EUARSEE 04 ZHEAREES B Harmony [ Seurat v5 integration BEAIXE—: EE NS EEIEHLRIB—E 9 A m
g, REBEMYAE., RS BEMERERE PCA =E LM, bulk 2ERIE log FAEE i,

BN

M1 HRFMEHTEREXRE L ComBat

WRMRAY batch 1 £2 control, batch 2 22 treatment, ComBat [ SVA [ {EA /A EBIMAER, EEH 5 "AE=E
SR ER", IMERREEEFNZITLIN., B table(batch, condition) KEFE—MRDT, NRETEIIEZ 0, =1k
o,

11 2: ComBat 7~ mod S

ComBat (dat, batch) & mod WRRTFER", BREMELEFIMEMIR. BMREMFEERRFMIIRESBxX (EbW
batch 1 BIIEARIRITAZ Z4EH), ComBat RIEAEMZEShYHIRIRIE, EMMIE comBat (dat, batch, mod =
model.matrix(~ condition)) , %1&Eﬂﬂﬂ—§ugf%%°

11 3: SVA (LR SV HETS

num.sv(method = "leek") TEJVEAEUIBEBRLALE 10+ 1 SV, £hN# design SEEEHE. BERITH. SVHELZ
I8 F < samples/3, BiIIX ML ERIBRE T IRE R,

i 4: F ComBat Z/5iFIE batch fni# design

ComBat B£1E batch SEMEFEEEIE T, DESeq2 /limma i design RN B batch (ETAWERIE)., ComBat >
design = ~ condition ; A~NF ComBat - design = ~ batch + condition , Mi%E—, AEEEIATH.

th 5: BAM batch RIEEHA Z BB ZFM2EMZ
WRIESEE PCA R T — XRE I batch XPEBHEHT", TRV THESLRENZ". THEIERIWRRET (1%
. EHt. REAE), REGEREED metadata 5l PCA 6, HINTEZIMIRRHIR,

THER

bulk06_batch_sci.R
14 KB

THHREANLERTTEH A ~

T—%
BERN:

e 07 ZTEXth — DESeq2 [ edgeR / limma 7E#L AR EGHEREF E515?
o 08 AIEINHTIRE — Methods EX/EATEZE batch 4AMEAT

EACFIIEE

o EAUMRR 04 ZHEAREEES — BYMANE Harmony | Seurat integration 2E— B IR7E PCA = [EIRIARAS
e |Leek 2010 batch effects 4RiR — RN RITFE R, SELHEIE

SERR

o sva IR
e Leek etal. 2012 SVA /3%
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e Johnson et al. 2007 ComBat /3%
e RUVSeg_vignette
e bladderbatch #iES =
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s ZTEILE: DESeq2/edgeR [limma-voom

bulk RNA-seq ZF 2B =1"trfc" TR — DESeq2. edgeR. limma-voom, Ef1EERBEARE, BELAKZHEIH
ELERSE—M, AEM—IX head-to-head JFtt: E—1p airway #IE. E—5 design. @—1%tE, B=MTEH, &
ERENEENUMERIBE—E,

=MIHENEEZR
IR il e
DESeq?2 210 GLM + #EE#E KT + Wald / LRT ZRIARYYT—Ft (median of ratios) #&; LFC
shrinkage @—KER
edgeR I GLM + 298 NI Er it B 8UE TMM Y3—1t, glmoLFTest MY F QI8LEITS
=7
limma- 5% voom 1 counts Y log-CPM + &, BiE RERIR, EEAMKLLE; MRS
voom limma (ZMHEE + 236 NH ) BLHER
JLD R

o HAE <103 10, ERFK, =ZHIEEEEA

o FEARE > 50, limma-voom HRERBREAE

EME M contrast (LEMZEFIKIT), limma MWIEORRE
BB MAREIER pseudobulk DE, BREIRIT MBI S edgeR

$9{t4 bulk RNA-seq & E"R{ET A"
BEMEREE—NEAN TEE—EES, XIEE, BES:
1. SHTEHS HEESH

DESeq2 1 edgeR #EE G _INH %, REBHEMITIVICRAE; limma-voom ELMEERIFRZ B voom BINEIRITIL
'BE7E RNA-seq FJ1F %, ETHIEL 80%+ Y DE EEW=FT EFiRZ,

2. B RS ENRELSR

e DESeq2 Y LFC shrinkage £ FilFr] #4451 GSEA HEFRt&fa
» edgeR B9 QLF #I07E FDR 1= E &™%
e limma-voom 7£ 100+ #FAFIE FREM B EHELH

3. AEFInERMZ Ltk QC F design

design = ~ condition VS design = ~ batch + condition WXMZESR, WAF"DESeq2 vs edgeR"HIER., Fib
QC. #tR. ®itAXNEERE, TAEMIMEIFIPLEE,

LS FINER DESeq? (HtXERAK. #ERS); #AE > 50 A limma-voom; EYARE pseudobulk A edgeR, —
ZRREIES,

=FMKEELE

DESeq2. edgeR. limma-voom i API L5, {BROEZ "R design + IA1EEY + $2EY contrast":
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# DESeq2
dds <- DESegDataSetFromMatrix(cnt, colData, design = ~ cell + dex)
dds <- DESeqg(dds)

res_deseq <- results(dds, contrast = c("dex", "trt", "untrt"))

# edgeR

dge <- DGEList(cnt) |> calcNormFactors(method = "TMM")
design <- model.matrix(~ cell + dex, data = coldata)
dge <- estimateDisp(dge, design)

fit edg <- glmQLFit(dge, design)

glf <- glmQLFTest(fit edg, coef = "dextrt")

tt_edg <- topTags(glf, n = Inf)$table

# limma-voom
v <- voom(dge, design, plot = FALSE)
fit v <- lmFit(v, design) |> eBayes()

tt_lim <- topTable(fit v, coef = "dextrt", number = Inf)

X=E#AR—17 cnt counts fEfFF coldata AR, KEEILIRITHERE—H: #2 -~ cell + dex, #HMRIWE dex B9

trt vs untrt §5U§Zo

BESLRfl: airway ERI=T B3

BREMZA bulk07 tools sci.r fE[E—{) airway #3E i DESeq2 / edgeR [ limma-voom, SEE ittt 6 NERE:

Rscript scripts/bulk07_tools_sci.R

1: 81 TANpESH

Raw p-value distribution per tool
Healthy: peak at 0 + flat tail. Three tools agree on overall shape here.

DESeq2 edgeR limma-voom
6000 6000 1
4000
3
£ 3000 4000 40004
[
(=2}
-
o
E 2000
£
3 2000 20001
1000
0 IIIII||||||||||I ikl | IIIIIIll [[[ [TTFLT [T ERTT ERER SEReee . IIIIIll|IIIIIII||II|||||l||l||||---|-|--
0.00 025 0.50 075 1.00 0.00 0.25 050 0.75 1.00 0.00 025 0.50 0.75 1.00
Raw p-value

=M IEZENRE p ED . BENEHSEEHE"0 MHA peak + TR "R, IRENTANESELI U BgE
BUEER, RBEEXMEIE RS RIF. arway B7"IFEE", =N TRLE THMBEN p ED .
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2: A[E) padj H{ETHI DE EFE

Number of DE genes at each padj threshold
Three tools give numbers within ~10% of each other on airway

6330 6374
6000 1
5041
4950 4834

7]
2 4000
& 4000
o Tool
w
a B oesea2
-
5 2901 3003
o 901 2864 B eooer
g . limma-voom
E 2073
Z= 20001

1335 i

0 I
0.001 0.01 0.05 0.1

padj threshold

E—TxftE, =M I A% padj<0.001/0.01/0.05/0.1 UNEHELNEZERLY., HEZBEBEE 10% MR — X5
" =N TEREFE"NRRE X,

{B1S7EEMR edgeR # QLF #30 ( glmourrest ) 7E4TiTH Rt DESeq2 i) Wald B #&ii0l6, BT edgeR A4 DE
HEHLEL DESeq2 B, XTR edgeR Vi3], MREEME,

E 3: DE ERSMNES

DE gene overlap across tools (padj < 0.05)
Large 'DESeq2 + edgeR + limma-voom' bar = high concordance

edgeR + limma-voom 1 _881
limma-voom . 182
edgeR 1 I 105

DESeq2 + limma-voom 7 20
DESeq?2 1 16
DESeq2 + edgeR 6
0 1000 2000 3000 4000

Number of genes
=/1I B8 DE EEE (padj<0.05) MNESHH., mAHI—5"DESeq2 + edgeR + limma-voom"iBE4E K Z % DE &
A ="TERNLN, IFE—NTERERUNERFIEXNRD, BEE2LRER (FAHEE) .
AR =1 I A#NE DENER, KBEXZEENES; RIE—1TTLEIRZ DEN, EZE—REFZ QC [QFEF D AW

o

S
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4: log2FC MBS 3TEE

log2 fold change agreement across tools
Dashed red = identity line; tight diagonal = tools agree on effect size

DESeq2 vs edgeR (r = 0.992) DESeq2 vs limma-voom (r = 0.991)
101 o o
s 5 o
5 i e
(&) N
5 g
g g
29 o
g z
k<] ©
° E 0
. :>' N
;:’,
54 e -
5 0 5 10 5 0 5 10
DESeq2 log2FC DESeq2 log2FC

=PI AT log2 fold change MBS, ABELR v = x WAL, REWENAL = =P TENBNA/NETTLF
—H.

DESeq?2 vs edgeR HItEXREEETE 0.99 £4; DESeq?2 vs limma-voom B&{E—= (limma-voom B LFC TERRIAR S
FHMEF), BEM{D > 0.98,

5: p {ERY Spearman HiFExX

Spearman rank correlation of p-values
The ranking of genes by significance is essentially the same across tools

0.998
0.99 1
0.983 0.986

0.96 1

Spearman correlation

0.90 1

«
2
o

=NIEAmZIE, SAEERE p EHFHN Spearman #X., —TMEXAREE > 0.95, BEE: MRMGIE"BEREEY
MEEIRHER " HEME (EEMAKRM GSEA), =N TRLHMNHIB L FRE—1,

XMEIRLE'DE BEREER "ER — FHARESREEARTMW, MHAFEXMBRETX.
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6: TRMBERRIZREAN

llog2 fold changel distribution by DE category
Tool-unique genes typically have smaller effect sizes — borderline calls

N
«”

llog2 fold changel (DESeq2 estimate)
o
o

v
2.5
¢ .
* :
e —“
0.04
N N N a\
e o 0™ PR o e

e

RE—TARE: —HIAEMENPBEEREGTARESR? B85 (Aonly, Bonly, Conly, =1#%) 8 |log2rc| EK
IMREE,

* Shared by all (=1#%8): MK, L |LFC| FIREHE 1.6 L — XERBESER
o E—1IEMA: B, K& ILFC| EREMIL — BFRER

PKEREENFE: TRENSEEEREAE"NBEZ"NERL, BEMNEES, =P TREHIMSE.

1+ 2 BHRIE M
AR (AINE TR

e i 2c3

HAE) (<6316). FINE DESeq2, RIAETR

HAREAX (> 303 30) limma-voom, EE&HIR

Z1] ANOVA-like 1232 (LRT / ZEFRXH) DESeq2 K LRT 5} limma #J contrasts.fit
YRR pseudobulk edgeR, BEISKH

E %8 FDR 25 (FE FPR < 5%) edgeR QLF, FIR<F

E{#f LFC shrinkage ks DESeq2 Eg apeglm

ME—BR—TEFINR. E—HAEIEL, TRA-MIAERE—E, MREFREMN, REEPT URERERS, R
fERitAEE, EDkE QC,

fRTX=1
Hith s mikiE:

* NOISeq: IFZEGE, MIFBSHMRE
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e sleuth: 33f2 kallisto/Salmon B bootstrap Z5R M, sERINEETEENEEM
e BASICS: A spike-in F£iER]
e DREAM (variancePartition): 2MEEZBEEUNIER (HEAXAEENMNE. BEXtizit)

Mt FRHSNEFIXLE; 53 DESeq?2 [ edgeR [ limma-voom H—NEZHL,

BRI

1 1: design XA A—FMEETLE

DESeq2 BB ~ cell + dex . edgeR B ~ dex, b3k DE ERZERZ — HA, BEA—, ZTAXNLENEIHRRZ
design 52—, TNELEAIZ design 2 IR,

i 2: FAREIERM LFC BEiZxItL

DESeq2 B LFC 2 shrunken AR7s, edgeR B2 raw, limma-voom 2&TF log-CPM HEIVAZRE, BAMRERF=EE—
¥, BB ELBRBREENEERE. EXNLEER M, ERMNILLLE p EHIF (Spearman correlation) ,

m3: E'TEMAENER"SHERSIRE

DESeq2 B 50 MEREE, AHZER padj £ 0.04-0.06 BEMNER, PN TEHER—SMEART. FEIEIAEZERSY
B TEESUR"AGIEE, R EEEMHEABEIITED.

11 4: limma-voom 8 pvalue =0

eBayes() Mt RITEMHIATSEE pvalue = 0 (BYETHE). pvalue < le-300 HIEHEE cap %l 1e-300 B Til,
B -log10(0) = Inf ILEEERE.

11 5: edgeR I LRT {B/5 T estimateGLMTagwiseDisp

|BhR edgeR 2 estimateCommonDisp + estimateTagwiseDisp , HTAREF estimatebisp (—HZINI), ME API
TRA, BHENAIBERMRAIEREABNIREE.

THER

bulk07_tools_sci.R

TH=ZTAXMLSEME »
12 KB

7
BEARN:
o 08 AIEMPIAIRESLERZ(T — bulk RNA-seq ERMNRE—R, BAESHXMFHE
EACFIIEE

e 02 DESeq2 ZFFIADIT — MMRENTEMNEREFIR, k% DESeq2 Y QC
e Soneson 2018 RNA-seq T EE/EIF| — Nature Methods B R ZE3TEL

¢

I

EZRR
e DESeq2 vignette

e edgeR user's guide

e |imma user's guide

e Soneson & Robinson 2018, benchmarking
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e Schurch et al. 2016, how many replicates?
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BioF3 HFKIEDT bulk RNA-seq SLEFf

oo AIEMOIHMES ERAT

DIWTARER, BERAIA (BiF 6 TABNEC) EMBE—ET E. X—FITIL bulk RNA-seq MBMNRERTI: B4
ARARBNME . BASOHRE. BARNAEFE. REMFA"RESLE"—EY, BE—LLREIHREEIFIES.

At 2 TEMERERERK
RS AETEILR BRI BEMNE" . REWEBL, HENRAE=HES:

1. 31 RE: #isAlE"figure 3 EIREAEMM". SEE—TH<LENR? T8 > ERER 2-3 K.
2. ¥5Ff5: AFEEEMNBELIN—THoF. RS2 —FMR? T8t > REKK. RATRLE, HHFRMERR.
3. —%Ff5: RECE T RXELSIAXRER, ABTREREIE? BAE > 5IB7T 0BT EEMNEIE.

ASHARRATHA, BATRENECS. &A1 RMEF, & TAR%ES RE debug.

AEMHN=TRR

MEEAZIRE:
BR aX TMAR
BEEIE + 1HENRE > HESR EhER URBRRAIZ ] + FEALARF
tERIEIE + HHEFE > BRSR BHlZEE conda / renv / docker & E i
tBEILE + HHESHTRE > BLlESe REER TEMIBIREA metadata + PITEHE

BIAMZERAREE; E=FSHREM,

B R 414 [l
01 % BHE—HRENEREN, ERRNERN—HS: ERENFTZFYEMEY deliverables/
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rnaseq project/

—— README.md

— metadata/samples.tsv
—— data/

| F— raw/

| F— qc/

| L—— counts/
—— analysis/
F—— 01-gc.R
F—— 02-de.R
—

[

03-enrichment.R

04-figures.R

results/ # FREESR

—— tables/

L—— figures/

deliverables/ # AR IEENRETY
F—— report.html

— report.pdf

—— figures final/ # RRRE

L—— tables final/ # % README HUZRHE

envs/
[

|
|
|
|
l_
|
|
l_
|
|
|
|

[ E—

env.yaml / renv.lock

results/ 2 "FIARBIEBERMNER"; deliverables/ & "HRERFIABHNIB—/NEBD". MEEDF, BN results/
BEEEERZHENG. MLANE. REUHER, FESEEAEEE.

R Markdown / Quarto {9 TR

bulk RNA-seq ERMRMATZRZ— HTML 1RE, BEHER +QC B + EREBELR + EX + i1i€. R Markdown
(f24%) = Quarto () ZEBBIEMAANLRE.

— 1 &=/\E] B9 R Markdown #&1R:
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title: "RNA-seq analysis of dex-treated airway epithelium"

author: "Your Name"
date: ""r Sys.Date()™"
output:
html_document:
toc: true
toc_float: true
code_folding: show

theme: flatly

# Background

(BEBAZREN. HAKER. DB

# Sample overview
""" {r samples, message=FALSE}

library(DT)

samples <- read.delim("metadata/samples.tsv")

datatable(samples, rownames = FALSE)

QC

knitr::include graphics('"results/figures/0l-library-size.png")

PCA. IEBAEZE

Differential expression

library(DESeq2); library(dplyr); library(DT)
# ...

Enrichment

Session info

BioF3

sessionInfo()

bulk RNA-seq SR F A
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JUDSERARIS:

“code_folding: show™: IZFHREEIABEIND, BRIUBERTS

- “toc: true® + “toc_float: true : EMIFMBEZR, KIRELE
- "DT::datatable() BMAREXFIE: SEEBRIUBCERNHER
- BE—TEH “sessionlInfo() : iCEFIBEBIRA

**Quarto** f2 R Markdown MI4MIHE, FIFZIES (R. Python. Julia), JEREMR, £SKRETIBY, BHRMBEHRERRER o
## BhRAERE

"HHFRRINAE, SRERERTT "B TRELNEM. R XAKERNATAR:

### renv

“renv: RUEMBRIEER— lockfile, BIFEFIHEBEAIMRA:
Sor

install.packages("renv")

renv::init() # WAL, £ renv.lock

renv: :snapshot () # EAEIRAZET, EF snapshot
renv::restore() # FAZRIME, EEOIFEFRNERE SRA

MNFRRAETENIE, BNEWA renv ,

conda env.yaml
MRIEERT bash THE (Salmon. STAR. FastQC) M R &, F conda £i—&EEHE:

# envs/env.yaml

name: bulkrnaseq

channels:
- conda-forge
- bioconda

dependencies:
- r-base=4.3.2
- bioconductor-deseq2=1.42.0
- bioconductor-edger=4.0.16
- bioconductor-limma=3.58.1
- bioconductor-clusterprofiler=4.10.0
- salmon=1.10.2
- fastgc=0.12.1
- multige=1.21

- r-tidyverse

A conda env create -f envs/env.yaml EE%E'P;&E’\] mamba env create -f envs/env.yaml , FJEﬁEEﬂETﬂHL%%J:%@
— BRI,

RITASFENGRR

R E1EEN CSV | Excel RABER R write.csv(res, ...) ., 2VEM=HS:
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1. il—13 README
BFIKRAPBE— _README.txt 3 _README.md , IRAFIMIEX:

de_genes_airway.tsv

8 M airway A, trt (dex-treated) vs untrt (control),

FH DESeq2 v1.48.2 HERDH, design = ~ cell + dex,
)
gene_id — Ensembl gene ID
gene_symbol — HGNC symbol (RIBENZE)
baseMean — DESeq2 VA—tEMFHIREAE
log2FoldChange — apeglm shrunken log2FcC, IFfE = £ trt BE5
1£cSE — LFC MR
pvalue — raw p-value from Wald test
padj — Benjamini-Hochberg RIE/GH g-value
DE: xxx

S EE: 2024-xx-xx

2. i\ gene_symbol

SEFEEERA ID —HRE Ensembl, (BEEEEXOHIE SYMBOL, —FEEIL SYMBOL §H#EBRAT:

library(org.Hs.eg.db); library(AnnotationDbi)
id map <- AnnotationDbi::select(
org.Hs.eg.db,
keys = rownames(res), keytype = "ENSEMBL",
columns = c("SYMBOL")

)
res_out <- merge(as.data.frame(res), id map, by.x = 0, by.y = "ENSEMBL")

3. 7B

BIIEFIE 60000 THABIEE. DHA=3K:

e de_all _genes.tsv — 2HEE, BFEEDT

e de significant.tsv — padj< 0.05 i, @B FT

e de_top genes.xlsx — top 50 padj + EEBREMNFRER, HEXLA Excel

Methods EREAS
$5fERT Methods EZAY RNA-seq S P B EEEE:

CHEARSGRE: TLOXER B EMREER. WFRTFES
CEex | FETEMARA: sTAR v2.7.11 . salmon v1.10.2 %
. SZEREARRA: GRCh38, GENCODE v44

bulk RNA-seq SR F A

.DEITH +i&it.3{ + B{E: DESeq2 v1.48.2, design = ~ batch + condition, padj < 0.05 & |LFC| > 1

1
2
3
4. FEH: featureCounts T§ tximport from Salmon
5
6

. E%IE + M?EEH&ZF clusterProfiler v4.16.0, GO BP, MSigDB Hallmarks v2024.1
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AMERIEMS . FERMLE GIS RN TIENERSR"), ST TERETRAS, ERABLENZE RA DESeq2
W THRA, padj BEZZD".

o BEHLFNF: (HAREIENEIENMES (UMAP, RE HliF) # set.seed(42) , FTABTRMERIA—1F

o HIFPRIZ: FEMRBETS /users/{RIRBF/xxx , F here::here() I file.path() HEN R

o BUBAH git: raw FASTQ /BAM / X counts X435l commit, A .gitignore Rk, WREHZ, B Zenodo/
figshare [ GSA /| SRA

o HE: KO sink()  sessioninfo() MXBHLEF—M

o MiKk: puiko7 A M'=TENLL"AEME—FNE — HOMERERAEDLARIE—E, SREXZNELE

IR AR B ERAY:

tn: IEEUE | PEXHE commit i# git

git add . 3B/l GB Y BAM [ counts fEfEtHIRZAR T, —/REIBEEMAKJLE, clone F/\BF, .gitignore —EERIR,
B35 data/raw/ . data/align/ . *.bam . *.h5ad . *.rds (FRIER/N)

s renv 817 R B{BigH R A5 HIRRA

R 4.2 fl R 4.3 B9 base REITAMWARE (factor BKINME. dplyr FEHME)., README BXiEE RAEA: R version
4.3.2 (2023-10-31) -- "Eye Holes" ,

. Methods 25 "i% DESeq2 BAIAS "

EERNERINSHETARENEIN,. EXEHXBSE: design = ~ batch + condition . padj <

0.05 . |log2FoldChange| > 1 . apeglm shrinkage ,

n: R{$E Excel REER BBz HH

Excel EERE®EARF: MARCHI - 1-Mar . SEPT2 - 2-Sep . LASTEEHMKScH TSV | CSV, W7 Excel BFIEIF—7I
IRRNAR"ER, HUGO ERIEXERRAEMR T (MARCHT - MARCHF1), {BIREUEEMERZFTAEA.,

I REHTML BT HENBRERMREEERFER

include graphics("results/figures/01.png") FEAMIIERE, BEAMEEIM—D HTML }&8 results/ XHEME
H. AB1EERIRSAIA rmarkdown::render(..., self contained = TRUE) IEE K inline #%E, THREHRENER
ﬁo

TERE/NER
BTUNHEENTIA:
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15 ;33

& R Markdown - i13EZF| ouarto
RIERE DT::datatable

B renv (#R) & conda (REIER)
B &R usethis::create project + here
A EES styler + lintr

git B1F precommit EENEIL

THER
AEREHA, AEEENRIYIEXRER (README / Methods £ / R Markdown B%8) ®JDAM BioF3 GitHub B #E
(M) .

T-%
bulk RNA-seq T2 8 MEREXEMTH T . EFLEERJREY &

o BFEALHDH (DTU. DTE)

o PHESTLEE

e /J\RNA / miRNA / IncRNA &80

o HMAA pseudobulk 5 bulk BIE#h

Al AEIE BN SE R AT sy EAMME R T,

BERN:

o EYARFSCE 03 QC + Tk — 5 bulk ZFEERMAE QC, SRMEZMIEEEN, ERAREERNNBRERES
o ZUASFEEOTH — bulk HRARSHEEN. ATAC. EHAMES O

MR

e Quarto EA XY — R Markdown BY4%{T%, FHIMBHEE
o renv #HiZ — R BRAEENIRE

SERE
¢ R Markdown: The Definitive Guide
e Quarto EAXY

® renv

e Bioconda
e RNA-seq_ workflow Bioconductor
e GEO/SRA % 23315
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