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kiR

- RNA ZEEEEM DNA BIEABRANFEMER, 8231FSaLUET RNA FHITHRAIRIA

MBS,

- 2EFAENFERT DNA KFRER, T F— RNAMUE (RNA-seq) WIFRAETieRAE, Fi&E

WEEFIEERASE AERARM THIMIETRER.

- SERENEERNSER, RRATRSHHENAZIEARRRNTIHFEHRFHRML 7 EERN
Nz, HFXNRE, 17% RNA-seq IMBK T EMIMERRABIER. SMSEIRFEMEMNZ N
BBV RARIA.

+ TRERATIFEGZERYEREK PRI LERERENTIREXE, Fir—THEMETEERRINA
RIFERLASF £,
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FEHYRNA-Seq5i%

mRNAJIIR: REMERPEEERRX, RBIROERETSRIFIEIOTE, wUEERES, NEFUEES
SR,

- $EERNANRE: £ —EBFREERIRIE. LIS EEHETT B FRYFALIEERRNANE,

- B(EERinE, PHMRNA-Seq: (EAFRERNA-Seqiill—MARTEERBEMEFRUSSIITA. 125 EEFTEY
FRAFRDW. BE. BEREFIE.

- BREEDIT: SZEMRIPRIMRNAR B ITRENRF, SKESER M- E I ZE R ZNE, FIulES
FE.

- SERNANE: EMRQNERMERATRE, HaeallfmERNATISHZNRYAEIRIBRNAF EXIRFIRTHFE.

« IRNAJRE: Z3EFANEIRNA, Fla0microRNA, T EEIFRIBRNATEE R B IR EEEFXEI=FRIEA.

RNASME FRIFIRNE: FIFERARSXEBIFIEERERR, SCHEFERHIRNAINE FoHT. IFEESRR
ERFAEEIRAYRIETA.
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Bulk RNA-seqBYIRIER R Hifiiz:

o I XMOEFHRNAN EHTESEENR, BEFERIluminaFE et TRiEiENRFE,
RGN FEYE (raw_data) .

l Bind to primer PCR extension
| | | |

]
/I/l m . u ) u Q /
Attach to flowcell —
III —> O \

I

Sequencing Signal scanning

Cluster formation
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Bulk RNA-seqRUE{ER B frifiiz:

- EXBETE, NEFERAAEHIEHIToT, MNCBIZEEIEE FEIREHIEREZ ISRAKET,
FEELER fastgSt. BT ESRA Toolkit, XATIFEZE N fraw datait{ /7,

- MNREBEONRFE, T™HEEBEI T fastgiraw data, BEENFASEBHIERIAEEZEFRZBICEM T
“clean”i¥E, BI{5Z%lclean_data,

- FHILLRT: BEiRENreadstbX RIS EERABeEERA E, FIBLLXTE (ANSTAR. HISAT2)
HiTreadsfUEL XS FOENL,



Bulk RNA-seqRUE{ER B frifiiz:

- RIAEITE: HREBLLER, ERITHET
B (%ifeatureCounts, HTSeq) it&&T
HEANFRILE, BELIFPKM

(fragments per kilobase of transcript
per million mapped reads) sTPM
(transcripts per million) JE{i,

Why Normalize RNA-Seq Data?

Normalization is a crucial step in RNA-Seq analysis for the following reasons:

« Sequencing depth: Different RNA-Seq experiments produce varying numbers of reads, making direct comparisons
between samples misleading.

+ Gene length: Longer genes inherently generate more reads, irrespective of their actual expression level.

« Bias reduction: Normalization mitigates technical biases, enabling meaningful biological interpretation.

TPM (Transcripts Per Million)

TPM measures the proportion of reads mapped to a transcript, normalized by transcript length and sequencing depth. It is
calculated as:

Key Features:

1. Proportionality: TPM values sum to 1,000,000 across all transcripts in a sample, making it easier to compare between
samples.

2. Intuitive interpretation: TPM values directly represent the abundance of transcripts in a sample.

3. Preferred for comparisons: TPM facilitates between-sample comparisons better than FPKM.

FPKM (Fragments Per Kilobase Million)

FPKM normalizes read counts by transcript length and sequencing depth, but without enforcing proportionality like TPM. It is
defined as:

Key Features:

1. Historical significance: FPKM was one of the first normalization methods used for RNA-Seq.
2. Single-end vs. paired-end: In paired-end sequencing, FPKM becomes RPKM (Reads Per Kilobase Million).
3. Limited utility: FPKM values are not as robust as TPM for cross-sample comparisons due to lack of proportionality.
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> BEiREE

1. Condalft4: CondaZiEFaR) "RHEXR" + "NEIRE=R" , T JfERPython/REFIESHIMKEL PSS
L TIBE :
BER: —ELE/ERRM (WPythonZE, RTH) , BalfERIERR (HLAIRARBaILREFERNBE) .
WRIREE: lEZ) "MNBER"  (EBURER) | STEERARRENRA, BT

2. At fERConda?

AEIEEAREPythonikA——eIEM/IAE, BHEYJEPython 3.6/3.9/3.11%, BREERFSHFINEE
RREFERRER KPR —BamRBIFRSRA

BEIAI AL INE—SHIMNEEREX Y, —BARB KR

WindowsZEFERIREE (TRDLLE) ——CondafimiFEEER S,

ERSFPython/R/uliaE BB —H—EEARIESNI R, FTRAFZECEEMS
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> (ERcondaZEDIT TR

DHBTER S ZIOINRE
FHRIREX sra-tools conda install -c bioconda sra-tools MNCBITE;SRAKUEFEEFASTQ
aspera-cli conda install -c hcc aspera-cli =R TESRAZEE (Bftwget)

[REEH! FastQC conda install -c bioconda fastqgc [RIaEIERETE (ERHTMURS)

Trim Galore conda install -c bioconda trim-galore ?Ebtﬂﬁ%}%ﬂ;ﬁ{&fﬁ%}%‘ﬁu (BE

utadapt)
FFHUEESS STAR conda install -c bioconda star SRIRNA-seqttxy (SZHFE3HELLRT)
BEEFIIRT Picard conda install -c bioconda picard RCPCREEFS Javairis
EEDHT featureCounts conda install -c bioconda subread BE/FRATH (BEREES)
HTSeq conda install -c bioconda htseq ETHEIERNERITL
conda install -c conda-forge openjdk=11 export

JAVA_HOME=SCONDA_PREFIX
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HEESIMREE

% PEKING UNIVERSITY

> BHEIREN: A NCBI SRA FUERIREN GSE241623 RIFIANIFEUE (fastq 1&=X)
v 3RENEGIEIE Accession List

m Runs Bytes Bases

Download
Total 6 1396Gb 43.60G Metadata o
Selected 00 0
2 Found 6 Items
1 2

® ~ Run % BioSample agent % Basi
1 SRR25755490 SAMN37141827 valine 735G
2 SRR25755491 SAMN37141828 valine 7.00G
3 SRR25755492 SAMN37141829 valine 742G
4 SRR25755493  SAMN37141830  control 746G
5 SRR25755494 SAMN37141831 control 726G
6 SRR25755495 SAMN37141832 control 711G

Acce:

4 s
s % Bytes

2.36Gb
2.28Gb
2.37Gb
2.38Gb
2.32Gb

2.26Gb

ssion List

P
% Experiment %

SRX21478582

SRX21478581

SRX21478580

SRX21478579

SRX21478578

SRX21478577

GSM7732252
GSM7732251
GSM7732250
GSM7732249
GSM7732248
GSM7732247

’
Library Name

Cloud Data Delivery

% create_date

2023-08-24
2023-08-24
2023-08-24
2023-08-24
2023-08-24

2023-08-24

Computing

% Sample Name

GSM7732252
GSM7732251
GSM7732250
GSM7732249
GSM7732248
GSM7732247

SRR Acc_List.txt
XN E—1E21 SRA 15174%S (SRR numbers), &{7—1

SRR25755495
SRR25755496

Bi%: XPMREGFREETE prefetch EETEHMHILL SRA 34

1. ¥B{E: 7E GEO #UBE (https./www.ncbi.nlm.nih.govgeo/query/acc.cgi?acc=GSE241623) $#kE| GSE241623 HigeE., =
HMTER “Run Selector” %,
2. ¥B{E: 7 Run Selector TUHE, =if "“Accession List" 1ZiH#H1T FEL,

LE: 53— /Z SRR Acc List.txt BUSIAIIH,
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> EEIRAN: M NCBI SRA #3ERFREY GSE241623 HIRENIFEEUE (fastq 18=()
v 18 SRA (.sra) X{435#i9 Fastq (.fastq.gz) {4

HEZ: (#H fasterq-dump (ER{EFTHIMNEGRELE)
1.fasterq-dump——3J3F output/SRR25755495.sra:

fasterqg-dump -p -e 30 --split-3 -O ./ SRR25755495.sra »  ZERK SRR25755495 1 .fastq 1 SRR25755495_2 fastq
fN K GEE: %8 9z B4 )
9z1p (+ AJBERY SRR25755495 fastq.gz FZHCRECYS reads)
2.gzip * {48 fastq.gz

1. fastg-dump: NCBI FF&H fastq-dump B9&Km, B CESEEAMHEZ. EEEMBHERREREER

2. -p: E~HE (Progress) 58,
-e 30: -e (Threads) [Z S RFRVEIEE. XEBiKH 30, XNMEEERBERSESM0 CPU mOEHTRZE, RESHES (Ezb
HIPEER) | HEIREEEFER

4. --split-3: IhEES fastq-dump FH] --split-3 TLER. ZVHFDEER, FAIERERT reads,

5. -0 ./: iIEEmt BRAZRER (/).

6. SRR25755495.sra: IEEZILIRAY AN .sra MY ( fasterg-dump FTiHRFHE—IPHF(EREELRT *.sra —IRIELEBSANE, (R
MNP sraXlHFERIREIT IR, BB S MENHIAKLIEYIZRPIIFIE ) |

7. gzip *: BT fasterq-dump ZERNIRERBEEGIEE (-0 F2EDE), FAIWRFINELGETEEMRY fastg 34, *: BECRF, ILECEHRY
ERTREXH. &8R: FE fastq X (E—F fasterg-dump £RHY) #WiE—FEE, XHEEZH fastq.gz




3.2 LRSSt

> [z

FHSE (Trim Galore)

trim_galore -q 20 \
--length 45\
--max_n 3\

--stringency 3 \

--fastqc \
-0 ${QC file}
--paired \

${rawdata}/${sample} R1.fastg.gz ${rawdata}/${sample} R2.fastq.gz\

#RIFEE < Q20 (FEiIREF>1%) HIE
#EFIE < 45bpHireads
#EZZ > 3P \NfEL I reads

HNGRELES >3bp A bR

1L I T B aE S TFastQC

# Wit L IEZELEER T/R2

\

>${QC file}/${sample}.QC.log

Filename

File type

Encoding

Total Sequences

Total Bases

Sequences flagged as poor quality
Sequence length

%GC

SRR25755490_R1. fastq. gz
Conventional base calls
Sanger / Illumina 1.9
24487172

3.6 Gbp

0

150

50

Total Sequences (/S FFEN) 24,187,172 A EEZLEHY RNA-seq i fEER
Total Bases (fafRiEL%)) 3.6Gbp 3.66 x 10° fFEL = 3.6 Gbp,
Sequences flagged as poor quality ({{{RE 0 TRERERES, EIHITESR (Trim Galore
FF51) ERAZE)
Sequence length (J5£1<) 150 bp (Fr/ lllumina NextSeq EEHEIE)
o (GCAE) 5% RUIRESISIT, I\ GC S 45-50%

FoisH (RS MRk GC B&H)




3.2 LRSSt

> MIFREIREELd

STAR --runMode alignReads \ # ISEHLXIIRTL
--runThreadN 15 \ # 1T BRI
--alignintronMax 50000 \ # NEFRARKE
--genomeDir \ # SERFHESEE
--readFilesIn / _R1 val 1.fq.9z /
--readFilesCommand zcat \ # FEE Tl
--outReadsUnmapped Fastx \ # Kbt XTreadsE) L&t

1.

2.

3.

--outFilterMismatchNoverReadLmax 0.1\ # Z/&Z=27
--outSAMattributes NH HI AS NM MD \ # ) E A E

--outFileNamePrefix / \ # LjHiErEs
--outSAMtype BAM SortedByCoordinate \ # ST SHEF

--outBAMsortingThreadN 10\ # FEAERERY
--quantMode TranscriptomeSAM GeneCounts # Z&=727

_R2_val_2.fq.9z\ # ZA\ /%

TNT

NFIES

PEKING UNIVERSITY

--alignintronMax 50000: RIFHISRANSFKE-BERHIL
FI99%MER (NNEEKAEF~30kb)

--outFilterMismatchNoverReadLmax 0.1: iFE95EECEL(

-150bpfiF< 151N aEe, ENONFFERFISZ SR
o llluminajllFEEHIEEIRZ20.1-1% (Q20-Q30)
.  IINFEEFEESNPEEZ]1/1000bp

- EBEEE = BRAER + YRR < 10%

--outSAMattributes NH HI AS NM MD:

NH EASLva=¢- Z BT
HI A8 X5 EIRELLSS
AS Eb33155> RiELbRIRIE
NM JRiEREES SEECIRE ST
MD =T WVA=T SNP callingEhs

12




3.2 LRSSt

> BEREES

mkdir -p ./${sample}/featureCounts #g/E#1 R
featureCounts=./${sample}/featureCounts #F= V/i5/=Z &=
featureCounts -t exon\

-g gene_id \

--primary \

-J\

p\

--countReadPairs \

-T 10\

-a ${GTF} \

-R BAM \

-0 ${featureCounts}/${sample}_primary_gene \

${dedup}/${sample} Aligned.redup.bam

< ) »
N e 7 ) ¥

PEKING UNIVERSITY

13



3.3 iR Dt

> PCADH
exprSet[1:6,1:6] #XTZA T AL EexprSet#H T 5 IFRIF, 1EEKBI6TTHIBIOS RIS, AT EIaE

;g;]tg):‘fi

s PEKING UNIVERSITY

#EF#draw pca (REFIEIHIEinyarray) SFITERTDHT (PCA) , FHiRES BIsE&L#HPCAE
pcagp <- draw_pca(exprSet, Group1)
ggsave('./pcagp.jpg’, plot=pcagp, width=8, height=8, dpi=500)

PCA (Principal Component Analysis) E—FEE4gERIAN, B
O RIS S SRR 2R ES (8], RITRBEIEANFEETSAFE

g i .  PCAgE

TR R,
S 2 RN SRR R B2 3N B
3 BRI

VEIU o
Dim1(35.6%)

14



3.2 LRSSt

> MIFREIREELd

STAR --runMode alignReads \ # ISEHLXIIRTL
--runThreadN 15 \ # 1T BRI
--alignintronMax 50000 \ # NEFRARKE
--genomeDir \ # SERFHESEE
--readFilesIn / _R1 val 1.fq.9z /
--readFilesCommand zcat \ # FEE Tl
--outReadsUnmapped Fastx \ # Kbt XTreadsE) L&t

1.

2.

3.

--outFilterMismatchNoverReadLmax 0.1\ # Z/&Z=27
--outSAMattributes NH HI AS NM MD \ # ) E A E

--outFileNamePrefix / \ # LjHiErEs
--outSAMtype BAM SortedByCoordinate \ # ST SHEF

--outBAMsortingThreadN 10\ # FEAERERY
--quantMode TranscriptomeSAM GeneCounts # Z&=727

_R2_val_2.fq.9z\ # ZA\ /%

TNT

NFIES

PEKING UNIVERSITY

--alignintronMax 50000: RIFHISRANSFKE-BERHIL
FI99%MER (NNEEKAEF~30kb)

--outFilterMismatchNoverReadLmax 0.1: iFE95EECEL(

-150bpfiF< 151N aEe, ENONFFERFISZ SR
o llluminajllFEEHIEEIRZ20.1-1% (Q20-Q30)
.  IINFEEFEESNPEEZ]1/1000bp

- EBEEE = BRAER + YRR < 10%

--outSAMattributes NH HI AS NM MD:

NH EASLva=¢- Z BT
HI A8 X5 EIRELLSS
AS Eb33155> RiELbRIRIE
NM JRiEREES SEECIRE ST
MD =T WVA=T SNP callingEhs

15




3.2 B eiR NPT
> BEHNEEREE o fa/.fasta: EEBFFS{4

T ESEEEE, ERESTARNEEEIELYSEE gtf: ERGITER

wget -c

https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode mouse/release M37/gencode.vM37.primary assembly.annotation.qgtf.gz
wget —c
https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode _mouse/release M37/GRCm39.primary_assembly.genome.fa.gz

REE T E0S
gunzip gencode.vM37.*.gz
gunzip GRCm39.*.gz
STAREREIHZS |13
STAR --runMode genomeGenerate \  # [Z& 1 (F/Ezl 77 5/44
--runThreadN 30 \ # (EH30 1 CPUZGEEA{TIIE
--genomeDir /data/.../mm38_star \ # Z5/%)1 H 57
--genomeFastaFiles /IGRCm38.primary_assembly.genome.fa \ # ZA/ZHFASTA (4
--sjdbGTFfile /gencode.vM25...gtf \  # ZELTFEEGTF V14
--sjdbOverhang 149 # ISR (1ZE0150bp )7)

16


https://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_mouse/release_M37/gencode.vM37.primary_assembly.annotation.gtf.gz

3.2 LRSSt

> BEREES

mkdir -p ./${sample}/featureCounts #g/E#1 R
featureCounts=./${sample}/featureCounts #F= V/i5/=Z &=
featureCounts -t exon\

-g gene_id \

--primary \

-J\

p\

--countReadPairs \

-T 10\

-a ${GTF} \

-R BAM \

-0 ${featureCounts}/${sample}_primary_gene \

${dedup}/${sample} Aligned.redup.bam

< ) »
N e 7 ) ¥

PEKING UNIVERSITY

17



3.3 iR Dt

> PCADH
exprSet[1:6,1:6] #XTZA T AL EexprSet#H T 5 IFRIF, 1EEKBI6TTHIBIOS RIS, AT EIaE

;g;]tg):‘fi

s PEKING UNIVERSITY

#EF#draw pca (REFIEIHIEinyarray) SFITERTDHT (PCA) , FHiRES BIsE&L#HPCAE
pcagp <- draw_pca(exprSet, Group1)
ggsave('./pcagp.jpg’, plot=pcagp, width=8, height=8, dpi=500)

PCA (Principal Component Analysis) E—FEE4gERIAN, B
O RIS S SRR 2R ES (8], RITRBEIEANFEETSAFE

g i .  PCAgE

TR R,
S 2 RN SRR R B2 3N B
3 BRI

VEIU o
Dim1(35.6%)

18



3.3 iR Dt

> limmaZERoth
1 RSB SRR
design <-
model.matrix(~Group1)

" — 2 4t L. . ] 3 TE ":E'F.-‘_-l-_ %
2 AR SRR ) G RERENEREA
dge limma <- DGEList(counts=filter count)  #2/ZDGEL/sti]52 * wgy: Trimmed Mean/i4%
dge limma_ 1 <- calcNormFactors(dge limma) #7NM Mzt e {EM: EMREARBRNAARES
3. MDSH Y
plotMDS(dge limma_1, col= (Group1), main = "TMMI3—{X/ZAIMDSE]")
4. limma-voomZEFS izl - BAHE-HFEXR

, , _ , TTEXLNRE (BﬂEE%“%"*SIEIE’HI‘])

v <- voom(dge limma 1, design, plot=TRUE, normalize.method = "quantile") o BHESEILE GERSMIER)

fit limma <- ImFit(v, design) #Z5/7#F7%
fit limma <- eBayes(fit limma) #4242 IH A
plotSA(fit_limma, main="Final model: Mean-variance trend")

BE: |logFC| > 1 & PVal < 0.05

5. EREEEIER

DEG _limma_voom <- topTable(fit limma, coef=2, number=Inf) #2552
logFC t=1

PValue t = 0.05

DEG limma voom <- mutate(DEG limma voom, change = ifelse(k1,"down’, ifelse(k2,"up","stable"))) 19



3.3 iR Dt

> limmaZESoth
6. X LLIEL=

DEG_limma_voom$logFC <-

up_data logFC <- filter(DEG_limma voom, change ==
# MDEG limma_ voomejzistH FigHgEA
top_n(20, logFQC)

down_data logFC <- filter(DEG_limma voom, change == 'down’) %>%

# MDEG limma_ voomejzistH FigHIERA
top_n(20, -logFQC)
# HHE-LogFCIEERARIFIZ0 1 E AT
library(ggrepel)
DEG limma1 <- DEG _limma + # =7 Z @4 1//5
geom_text repel(data = up_data logFC,

aes(x = logFC, y = -log10(P.Value), label = rownames(up data logFQC))) + #

IFNLEVER BT
geom_text_repel(data = down_data_logFC,

aes(x = logFC, y = -log10(P.Value), label = rownames(down_data logFC)))

# ;I PRI

(DEG_limma_voom$logFC)

up' ) %>%

-log10(P.Value)

[N}
'

< ) »
N e 7 ) ¥

o
Hdcd \imp24

]
|
1
1
1
1
1
1
1
|
1
1
|
|
|
1
1
1 Tarm1
|

4
0o®
Clec1a., Gbp9

: %}5&0352
@ 4,4(""6 |- Mpigéb

Sash3

RtI5

logFC

20

I
I
1
s “90cNas2_ . _._._.
1
1
|
|
1
1
1
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change
@ down
stable

up



3.3 iR Dt

> GOLH
1.V ES

library(clusterProfiler)
library(ggthemes)

2. BEERAGO

up_data <- filter(DEG_limma_voom, change == "up ) #2847 /557

up_data$symbol <- rownames(up data) #7//Z= 7571

up_data ENTR <- bitr(up_data$symbol,
fromType = "SYMBOL",

“"ENTREZID”

up_data <- inner_join(up_data, up _data ENTR, by=c( “symbol”

HIABEENLEE

ego_up <- enrichGO(gene = up_data$ENTREZID,
OrgDb= org.Mm.eg.db,
ont = "ALL",
readable = TRUE)

BILAD a5 (Fisherf5HaiassiR)

toType =

OrgDb = org.Mm.eg.db) #SYMBOLZZENTREZID
“SYMBOL" ))

#GOEELHT

NPT

PEKING UNIVERSITY

3.77 4L

ego_up limma plot <- barplot(ego_up,
split = "ONTOLOGY” ,
font.size = 10,
showCategory = 5) +

facet grid(ONTOLOGY ~ ., space = "free y", scales = "free y")

defense response to protozoan

defense response to virus

dg

adhesion of symbiont to host

response to protozoan

p.adjust

0.004
— 0.008
0012
0.016

positive regulation of
nuclectide biosynthetic
process

cargo receptor aclivity

carboxylic acid binding

El

sulfur compound binding

organic acid binding

heat shock protein binding

=]
[N)
IS
=)
®

Count
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