FNE RNA-seq LR 59

EFF—RIFH RNA Wl (RNA sequencing, RNA-seq) fEfE#E~ RNA [IA71EFIEL
B, AR MR BRI 105258 7V AN W St RN 5 % T 0 IR A R S fg A
RNA-seq” CAFHHEER", HHERMEL.

UTAER, T RELe R TSR A S, BEE — pI R R T R T A RO T — R i,
MR Ae L] — SR st 7. Bk, BIFIMBREE R AT, EATE IR > SRR .

HEMEAH AR B2 BRI WL, AR BIREE A @ e E 8y, R 2] —mskin
JR AR AR AR DA R AL . HE X FERI AL, AN T RN SCER LR, 2R
J& FER— AN TR ARG B IR A g R K.

A A R B e ), A,

9.1 T—RUF

KAZIR T ZIIE AN S 775 Sanger 78 1975 SE 85, FRON “IEaE” 1y 1977 4,
Maxam 1 Gilbert KM 7465715, HIEEARFH R AR RACEAGRIMER T 4 Pholds, ARz
L) DNA I3 TRV AN [FHC R R i 0 A2 4R o O BRURR 1) B, AR PR FR K S B H PR 31
A4,

Sanger SFX T ML AFHEEENHE, fEH T AR, BIRAXUR ERE = BERRAE BELAL
BAEKRN, T VR ER R UK E R DNA PRI T, 15— AP EoR B4
JREE

4RI (Next Generation Sequencing, NGS) & AHXT T 28 — QM P BT 5 1, &
XM ORI UE, (HE A2 i m il & FP 4718 . 2006 4F, Genome Analyzer
(35 —4K Solexa MFFA) E17, BEE S 7 anlENF 1y, K44, Hlumina W T Solexa.
Ilumina/Solexa M F (LA F &K Mumina Ml F7) HIEEAJEHE R : #2051 (bridge amplification)
FPEHR A28 1k (eyclic reversible termination, CRT) JllJ¥. Mlumina #2477 R URFE AL,
T &5 1

9.1.1 AP
WP A ER: TR Z IEM AR 519 (K 9.1 4t fis (a7 BY), ZEIRS .
WP SR AR M a5 X e [l e i S| PR K, FFaR s — e e i, S —AMEahetes, WEa—

TEWSETR (] 21,
M 05 (1]

158


https://www.youtube.com/watch?v=fCd6B5HRaZ8&amp;t=152s
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Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 ug)

Template 2
dNTPs

and X l
polymerase I E

Ul 'in'i':l""i ih

Bridge amplification

Kl 9.1: #r:0 PCR wE K. 51 HZ%CHR [4]-

S E AR P8 BRSO R B, 2O v BR AR, e 3 a5 4k e 1) 51 AR K- SE
GIEA =TT ), N AF B 4K W R4 B BB Witk R Z it 47 2 5 Mr = PCR,
RERZ B (cluster), —/MEFEEIRZ 7 HAH R 00 A8 [F 43 10 A B

Mral PCR {50l P BR8] e 72 7 — AN AR L, [FIE, ASEI A B 2 SOy 203
bt BURZ A6 LA H A BRI, IR i R I Ro T fE

9.1.2 fEIHFAIFAIE

fEA T IE (CRT) W4 3 MNP BRERB A FOER . VIBRIOER I BTN
2 B

H—D BEBHENFSIEEM 1 AMEER, TR ER&EERRNAE, BEit
RIS 2 MEHTR

BB RREBARRER, 2R, dx.

FE=0 VIR AN RIDOCTRIE R, BER& TR 3-OH, PkikR
WA, #E# T —IRBA.

AT AR BB ER AT 1 28 1R — A O R R, Tlumina WP 1 G9kbbric BB B IR
(dye-labelled modified nucleotides). ﬁHE KIffs. 2ilk 37 OH W& ih&H] (3-0-&
W3, 3-O-azidomethyl, W] { it 7 Tris(2-carboxyethyl)phosphine (TCEP) KFEiX
3-

OH), dye Q& 756K, WM AR B linker, FBOHkiGR TESE =BV
(AR

Humina 5 EERI P IEA AR 4 FhGRlBIbRic 4 2 HR, KILERRIEA K15

Bk 4 R, RS,

9.1.3 INlumina WFFE

LR, mmmmﬁﬁT%WivMP«5M$¥ , CEAEE B RFEN R, (HX
FHK . &E 752 Genome Analyzer (GA), HEI#E 2 K H M7 F & (L4E:
HiSeq-
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HN lllumina/Solexa

L
*D

e

0
HNJ\l»
O,/\ &
HO_. _O_ _O___O
P \p\’ PNy 5
A\ A\ 7N -
-0 00 00 0 <
o_ _N

9.2: BUBLbRiC B IIZH IR

a Illumina/Solexa— Reversible terminators
®@G ®

® "

=]

Incorporate & ‘ ®

all four 9
nucleotides,
each label
witha
different dye

097

Wash, four-
colour imaging

Cleave dye
and terminating
groups, wash

-

Repeat cycles =3

c® 20 Top: CATCGT
@ cO Bottom: ccceee

4 9.3: Ilumina K (U g A m] 18 21 E T 51 H 22530 [4].
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HiSeq X Ten. MiSeq. NextSeq 1 NovaSeq.
Hrr, NovaSeq KA1 2017 4, HMWANEKRHHE:
e WIizfT S1. S2. S3 Al S4 PUFAEISRAY [ B AL ANAY, JEE bl BABOKH R
P, BT —IRAT 24 0.5-6 Tb i, (H72 — %% lane MAUR &K, N T pooling 1%k
YadR o U XEE
o KB 2 il A AR BN P (SBS) Ak 5 (T=4x 1, C=4L 10, A= /4110, G=
TAE5) 3 ARELH 43 #T (Real-Time Analysis) 4%, 55 #EEH R
HARREARMTTARBRERZONE, IR 2807 LAIY7 1] lumina 23 &) S Fe
JR 553 B3t 7 D D

9.2 RNA-seq
9.2.1 —KJRH

RNA ¥l (RNA sequencing, RNA-seq) HILT 2008 4, HZMHFRARIN KL, K
24 H, RNA-seq C&KEHZMAR, Tk 2Eu, FH NGS K RNA-seq #7%
LW B RNA ## DNA.

Wi B R AR R 251, WREE A BENLTI 8L Oligo dT 514, RNA-seq 73 AFA
3. BENLIIMIATRES S EMEMT RNA FUEMALE, Bb—MA 5N RNA; Oligo dT
454 %2 mRNA ) polyA BB, —MH Tl mRNA, B4,

FE133] cDNA LUE, F— MR BRI, MG IR RNA JEAZ%, it cDNA
AU, TR, BT . MR kR R AR S (PCR), A1,
RNA KX cDNA A ZFZRE, Joik——8ir5Y (F LA R, Aribl, &%
FEY 2 B NFTA RNA Bing—rmidhiek.

BRI SCA BT I8, B NGS 3K K, {3 RNA 8K (m RNA KB
1000bp), Joigi— kAT, Rl F5 EEARRHA -

RO IS UL EIX B, HORIFRE R BT EE (mRNA WF):

1. fii %A Oligo dT HIMLEK & 4 PolyA FEHJ mRNA
P T mRNA
f#H Oligo dT 5|#i¥ %45 mRNA, & cDNA 55—

A H cDNA 5 4
i B cDNA Wi in A [A) 42 3k
PCR #3830

7. LHLF?

R, XA AT L o) . DSy P 4T W R I s 2 B, WO mRNAS ‘S il
polyA I — BRI T, K, 2R R R e s A AT RBUN € &, A0 2 Pk By
PR E e KRG R e T AR

TR B v] DL E C BB KSR T .

S S
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FORAR G AR R, X NE D X s . — B S AAM 3L, 1HE
AR ST NN, A E Introduction S W RHERER E K34 . FRER L, %6
mE .

HAl, &) Z RN SCEREAER TSR [lumina Truseq RNA ZEEJ7i%, T LN
H W AT R, HEADRME 9.5 Fis.

9.2.2 XEHZH

IR BRUETTIR” RS D RN S B SR A R an & 9.4 P

INe TEEESCE S5 G P5-Index2-Rd1 SP-DNA Insert-Rd2 SP-Index1-

P77,

Hrp, Index1 HIndex2 2 EMREE, N T ZHEN (E—UENL, — SR EI
A Mvtt, A SCEESRAMIE R, (HETH Index ANFE, FIEHE THL
Ja T 4% Index #4737 57

P5 fll P7 ZmsMEEEEL, T CEMML, Kttt 2 PCR (LR A 7 GimdkiT
(1) PCR, &0 1 &7 qPCR) A GIY. E—158%], NGS FZhHITHAy
ST A, AR 25X — BT E G & B € BN A ek B,

Rd1 SP #1 Rd2 SP 73l /& Read 1 Sequencing Primer 11 Read 2 Sequencing Primer [
5, SEIERNF IV FFIAEE, Bl 5] g S e 20K BANTZ B, g 4T
N, B 193] Readl A Read2 F%#E

A P5 D Read 1
Indeh T P DNA Insert &
i + A g
Index 1 —“\o" p (P P

P5

B Index 2 Index 1 <
| | DNA
DNA Insert Rd2 SP Insert
“\‘,.;-
4 \ |
Index 1 Index 2

5 5’

C Index 2 _Index 1
5 P5 | DNA Insert F |

o — ninn
IS0 —

177777777

K 9.4: BB RSCFEG M o BRI T RKum n A FBERR LM I B K. 91 S %
ik [13]

9.2.3 HIETE
ZHd %, RNA-seq Ok EHIRZ K, AR ARS T HMFEM TR,
W EHABRNEGBNGES . FIHAH S, Xl LLEAT T .
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0.1-1 g Total RNA

Purify and Fragment
mRNA

BBB, BWB, ELB, EPF, RPB
Water

RBP
RFP

First Strand
cDNA Synthesis

FSM
SuperScript Il

CDP

Second Strand
cDNA Synthesis

AMPure XP Beads
EtOH
RSB
SSM

CcCcP
ALP

Repair Ends

AMPure XP Beads
ERP
EtOH
RSB
[Optional] CTE

ALP

163

Adenylate 3’ Ends

ATL
RSB
[Optional] CTA

ALP

Ligate Adapters

AMPure XP Beads
EtOH
LIG
RNA Adapter Indexes
RSB
STL
[Optional] CTL

CAP
PCR

s

PCR Amplification

AMPure XP Beads
EtOH
PMM
PPC
RSB

cpp
TSP1

Validate Library
Agilent DNA 1000 Kit
Normalize and Pool

Libraries
Tris-HCI 10 mM w/Tween 20

DCT
PDP (pooling only)

9.5: Illumina TruSeq RNA Library Preparation v2 JEARiFE. 5| H S ik [12]
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X RNA-seq AS#HATIAL, BUEE AR FAKN 7 H A E 2 D22 1A: TAIL-seq,
PAL-seq, GRO-seq, PRO-seq, CAGE.

NBEFE RNA- H BUH AR T A 22K 77 % Ribo-seq, CLIP-seq, eCLIP, DLAF,
CLASH.

N TE BT 5T RNA BRI S B MGT T K A2 K 575 MeRIP-seq, PSI-seq, Pseudo-seq,
ICE.

N RNA g5 01t K A2 14 77 SHAPE-seq, PARS-seq, Cap-seq.

fikicifE RNA #F )% TRACE-seq, scRNA-seq, CEL-seq, Smart-seq, Smart-seq?2,
Smart-seq3, Drop-seq.

9.3 MERRMHELETA/E
9.3.1  FHERIE KL

KB RIE T LR Zhao, Y., Zhang, Z., Gao, J., Wang, P., Hu, T., Wang, Z.,
Hou, Y.J.,, Wan, Y., Liu, W., Xie, S., Lu, T., Xue, L., Liu, Y., Macho, A. P., Tao, W. A.,
Bressan, R. A., & Zhu, J. K. (2018). Arabidopsis Duodecuple Mutant of PYL ABA Receptors
Reveals PYL Repression of ABA-Independent SnRK2 Activity. Cell reports, 23(11), 3340 -
3351.e5..

KRB R T 7 DA, JRATE ROTEHE 7 RNA-seq S£56, £ SRA HUf M
FISEi s 5 h: SRP145580, %SLISHIFLMIE pyl112458 A1 379101112 FRAZVRNT i vk B ANE
375 A 1) 5 DR 3k S

2L BRI AR RO SRR G B AR AL B AT T E A K 9 R, AT ANk
. 100 uM ABA ALBE, #E7 300mM H FEERJUEAR_EALEE 24 /. B4 HiSeq2500
AT SN #EAT 00, BHB T E=AEL.

JUFRT AR AT i N ABA R R FRG8 S W AE Bk PR AT R AR Th SRS 1. AR
T ] S92 325 JHiR AL FR) PR 2 SR AR K P AR AE RAS AR TR AR D 2, R Z E e AT IR Ok, BT
i1 SR AR 22 3 AR ) R AN T R RS T

FESRA Run Selector 5T [ FATT AT LAFR 2IEE— 1 el 0 B2 1) S 56 26 A A A B (AL HE SRR
5, GEO %35, fddsh, HFEA, A&, KBR300 HEI Run.

Run Bases | Genotype| GEO_Accession | Treatment

SRR7160928 | 5.27 G | wildtype | GSM3140728 300 mM mannitol for 24 hours
SRR7160929 | 4.80 G | wildtype | GSM3140729 300 mM mannitol for 24 hours
SRR7160930 | 5.03 G | wildtype | GSM3140730 300 mM mannitol for 24 hours
SRR7160931 | 4.58 G | wildtype | GSM3140731 1/2 MS for 24 hours
SRR7160932 | 5.00 G | wildtype | GSM3140732 1/2 MS for 24 hours
SRR7160933 | 4.71 G | wildtype | GSM3140733 1/2 MS for 24 hours



https://elifesciences.org/articles/54919
https://www.sciencedirect.com/science/article/pii/S2211124718307903?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211124718307903?via%3Dihub
https://trace.ncbi.nlm.nih.gov/Traces/index.html?study=SRP145580
https://www.ncbi.nlm.nih.gov/Traces/study/?acc=SRP145580&amp;o=acc_s%3Aa
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ERPTTIL, 61> RNA-seq i+, SRR7160928. SRR7160929, SRR7160930 &%k

HINHBIE A TE, SRR7160931. SRR7160932. SRR7160933 2 A= 7 4 i X HE4H

YEt, FAIHUERE 7015 2 2 5 RIE I V% & R A BB e S N g b

9.3.2 FLEHNE

N T AT S5 33088, BOZAE A B AT JE R 3R AE . R TSRS, 72

7%, RPN conda , %% conda WTIAESHH &

PAT NI A 2R EMBIE— NN rnaseq MMEE, JF2efefi B BN

@ NI O O & LW N =

conda create -n rnaseq

conda activate rnaseq

conda install -c bioconda sra-tools
conda install -c bioconda fastqgc
conda install -c bioconda trimmomatic
conda install -c bioconda hisat?2
conda install -c bioconda samtools

conda install -c bioconda stringtie

9.3.3 TERSFH MW FHIE

W . /genome HE, fEHHTHZSHE LI

N

# ZEERHTAIRIO
wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/fasta/
arabidopsis thaliana/dna/Arabidopsis thaliana.TAIR10.dna.toplevel.

fa.qgz
3 # GTEfF
4 wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/gtf/
arabidopsis thaliana/Arabidopsis thaliana.TAIR10.54.gtf.gz
5 # GFF3XfF
6 wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/gff3/
arabidopsis thaliana/Arabidopsis thaliana.TAIR10.54.gff3.gz
7
8 # LI
9 #-c W BEwget H )W s24%
10 # -b/E3) MR ANE ST
TSR, [l gunzip WAMIEYE.
BT RIS ESAGEEL MGV 51, AR SERRE R 51 STERE 51 el - F &
AT E, XECEH WA Truseq-PE. fa :


http://ftp.ensemblgenomes.org/pub/plants/release-54/fasta/
http://ftp.ensemblgenomes.org/pub/plants/release-54/gtf/
http://ftp.ensemblgenomes.org/pub/plants/release-54/gff3/
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1 >PrefixPE/1
2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT
3 >PrefixPE/2
4 CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
5 >PCR Primerl
6 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT
7 >PCR Primerl rc
8 AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT
9 >PCR_Primer2
10 CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
11 >PCR Primer2 rc
12 AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGCTTG
13 >FlowCelll
14 TTTTTTTTTTAATGATACGGCGACCACCGAGATCTACAC
15 >FlowCell2
16 TTTTTTTTTTCAAGCAGAAGACGGCATACGA
BT R B s S
1 SRR7160928 1.fastq SRR7160929 1.fastqg SRR7160930 1.fastq SRR7160931 1.
fastg SRR7160932 1.fastqg SRR7160933 1.fastqg
2 SRR7160928 2.fastq SRR7160929 2.fastq SRR7160930 2.fastq SRR7160931 2.
fastqg SRR7160932 2.fastqg SRR7160933 2.fastq
R SRR %5, +8& N&EEEIE, M wget T#HEF| ./data HET, MAMHTEHT
BT AT
AT BN A
1 #! /bin/bash
2 mkdir data
3 foriin {28..33}
4 do
5 access="SRR71609${i}"
6 wget -c -b -0 ./data/${access}.sra "https://sra-pub-run-odp.s3.
amazonaws.com/sra/${access}/$S{access}"
7 done
9 # &I

10

# -0 F83E D ECCH AR I SO IR A SCAE 44
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HREE, FEMSCHE SRA K3 (Sequence Read Archive), FAlT7T EoHEH N fastg
%3, JFF704 Readl 5 Read2. XHEFEMIF] SRA Toolkit, FILT-ah AT M E AT,
WA LMEH] conda %3¢, BfJE, AT T IH A IS FE4rg 20F 4 o0 B9«

1#! /bin/bash
2 for i in {28..33}

3 do

4 access="SRR71609${1}"

5 fastg-dump --split-3 -0 . data/${access}.sra &

6 done

7

8 # fastg-dump sEésra-toolsH IR, TR T MEEdfrssragids, XERHEXR

Pror £

9 # --split-3 WXl P AW, BIEARFRK S, EENT— A — A
I reads 2 MR E — AN SO B

10 * -OFREHHIISCAEI

11 # data/${access}.sra EIRSHILMH

BRI, SO H RO

1

2 data

3 SRR7160928 1.fastg
4 SRR7160928 2.fastqg
5 SRR7160928.sra

6 SRR7160929 1.fastqg
7 SRR7160929 2.fastqg
8 SRR7160929.sra

9 SRR7160930 1.fastqg

10 SRR7160930 2.fastq
11 SRR7160930.sra

12 SRR7160931 1.fastq
13 SRR7160931 2.fastq
14 SRR7160931.sra

15 SRR7160932 1. fastq
16 SRR7160932 2.fastq
17 SRR7160932.sra

18 SRR7160933 1.fastq
19 SRR7160933 2.fastq

20 SRR7160933.sra
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21 genome

22 Arabidopsis thaliana.TAIR10.54.gff3
23 Arabidopsis thaliana.TAIR10.54.gtf

24 Arabidopsis thaliana.TAIR10.dna.toplevel.fa
25 Truseqg-PE. fa

FFENXLECAE LR, WAl TRt 1

9.4 RNA-seq 73#7 I
RNA-seq (1738, —Msr ARmE “ BlE” F0“ R, BIEIRLE Linux ZamidiTi, A
ANTR] R T 5 G Bt 77 A ek THECE R (R o i s R TR E BIR AT BUEREE, ) R B4
Python ARG FHITLEM iz, XERE &, XoxeMERkatagl, R&
A 5E i R

9.4.1 FFF1EEY

A2 TAEHS: mkdir workdir , JFFEH T ARASZIGH A T H
. HE4HT:

1 workdir/

SRR7160928
SRR7160929
SRR7160930
SRR7160931
SRR7160932
SRR7160933

N O O = W DN

B AMEE, BENIT 6 RAR, R F IR aAFm, AAREAC
Fe il Rk M T Reds Jemie sk M),

WP LB trimmomatic A cutadapt , XHEAERETE, HPL—FE
piin 5 SR TR A B A 451 A A5

trimmomatic ANMEEY, ZH—FM, WR—NFPIHERIETHEARMIFEMS, BIRENZ
FBRI (XFMEBTRONE SR, oA X, FEEEES RS “EkiEn” A
reads); #HFh, WR—ANFIIRERZE, WEMEERE TS, M Z LR (8idiEs)
T e g K5 BT JE)

1 trimmomatic PE -threads 9 data/SRR7160928 1.fastqgdata/SRR7160928 2.
fastq -baseout workdir/SRR7160928/SRR7160928 ILLUMINACLIP:./
genome annotation/Truseq-PE.fa:2:30:10 LEADING:5 TRAILING:5
SLIDINGWINDOW:5:20 MINLEN:36 AVGQUAL:20
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# BT

# PE 8 7E Xl 7745 2

# -threads 8 fR B Z&FEEL

# data/SRR7160928 1.fastq data/SRR7160928 2.fastq fHEM M

# -baseout workdir/SRR7160928/SRR7160928 ¥ &% I HI7A%EEAE

MEEAR A 44

# ILLUMINACLIP:./genome annotation/Truseq-PE.fa:2:30:10 FICTEAHMFRE

9 # LEADING:5 WEWIRERE, MreadsielfintahvlFR o KTt rmmkE

10 # TRAILING:5 WEWIEFERIE, MreadsRumTaaVIFR ST BB

11 # SLIDINGWINDOW:5:20 &3h%E HBEIY), H—"MEEER KD, FAMEEEF
B EBE, XEAMEA reads, WHAE L -t =K T 20, NWPRX
AN AR

12 # MINLEN:36 WiEreadsKEBME, WRIVGreadsKEMRT N EF B X reads

13 # AVGQUAL:20 W/ Ereads VI =RME, WRBIVIE reads 40k R &K T

I EFE# & reads

N O G = W N

o

ILLUMINACLIP &I, 5—24%L . /genome annotation/Truseq-PE.fa AREZELIEH
P GIF A, RORIR LR I FEAE R B TP, T SLid B 5l A K.

FANT — L E AN X BAF, trimmomatic Aok MG T H R BT F T, Sreads
BEAT X AR BIVCAC R &F03AI%fE (i BLAST Hi) HSP), FHET 4K kT

BASHARER TR RV OIS, X ERE N 2,

F=ASHEN N PE MBSCEBIERACT, FE R1M R2 2 RDZ DN ME, 42
AT VIR, X B 30,

FE VNS HRYI RS T A B sARHX E, X HREE N

10. N T AR AT — R A0 2, WIS A R«

1#! /bin/bash

2 for 1 in {28..33}

3 do

4 access="SRR71609${1i}"

5 trimmomatic PE -threads 8 data/${access} 1.fastgdata/${access} 2.
fastg -baseout workdir/${access}/${access} ILLUMINACLIP:./
genome/Truseqg-PE.fa:2:30:10 LEADING:5 TRAILING:5 SLIDINGWINDOW
:5:20 MINLEN: 36 AVGQUAL:20 &

6 done

trimmomatic Kt —SIEITER, WNFR, FEEMRE:

MRS B [1][2](3]
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10

11
12

13

14

15
16
17

18

19

e

TrimmomaticPE: Startedwith arguments:

-threads 56 data/SRR7160928 1.fastgqdata/SRR7160928 2.fastqg-baseout
workdir/SRR7160928/SRR7160928 ILLUMINACLIP:./genome annotation/
Truseq-PE.fa:2:30:10 LEADING:5 TRAILING:5 SLIDINGWINDOW:5:20 MINLEN
:36 AVGQUAL:20

# wdoscfE, HepfiKPraired, BEIPNIm#SLRE reads, U3 Unpaired, BMYA
— B IR

Using templated Output files: workdir/SRR7160928/SRR7160928 1P workdir
/SRR7160928/SRR7160928 1U workdir/SRR7160928/SRR7160928 2P workdir/
SRR7160928/SRR7160928 2U

BV 1) 51 Ak

Using PrefixPair:
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT' and '
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT!

Using Long Clipping Sequence:
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT!

Using Long Clipping Sequence: '

AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGCTTG!

Using Long Clipping Sequence: 'TTTTTTTTTTAATGATACGGCGACCACCGAGATCTACAC

Using Long Clipping Sequence: 'TTTTTTTTTTCAAGCAGAAGACGGCATACGA'

Using Long Clipping Sequence: '
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT!

Using Long Clipping Sequence: '
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT!

ILLUMINACLIP: Using 1 prefix pairs, 6 forward/reverse sequences, 0
forward only sequences, 0 reverse only sequences

# trimmomatice HANIRMIIE R &L TN, B LHEEMmLSTiEE

Quality encoding detected as phred33

b AR STIER, WimtRE R, ATRRER, RERER, EFEHreads
2% H A&t

Input Read Pairs: 20924237 Both Surviving: 18744203 (89.58 ) Forward
Only Surviving: 1832502 (8.76) ReverseOnlySurvivingE128862
(0.62w) Dropped: 218670 (1.05)

TrimmomaticPE: Completed successfully

I, workdir H iH‘J?EWTI

1 workdir/

170
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O 0 I O U = W DN

W W N DD DN DN DN DN DN DNDN PR = s = = e e e
— O O 0 NI O O = W DD m O O 00N O U W N kR O

SRR7160928

SRR7160928 1P
SRR7160928 1U
SRR7160928 2P
SRR7160928 2U

SRR7160929

SRR7160929 1P
SRR7160929 1U
SRR7160929 2P
SRR7160929 2U

SRR7160930

SRR7160930 1P
SRR7160930 1U
SRR7160930 2P
SRR7160930 2U

SRR7160931

SRR7160931 1P
SRR7160931_1U
SRR7160931 2P
SRR7160931 2U

SRR7160932

SRR7160932_ 1P
SRR7160932 1U
SRR7160932 2P
SRR7160932 2U

SRR7160933

SRR7160933_1P
SRR7160933_1U
SRR7160933_2P
SRR7160933 2U

|

171

trimmomatic HHAISCHH, JF4 N 1P K2 IERECXN reads, E&N 1U WIEIE
[ RN reads, JEZRN 2P & I IAIRCXT reads, J& 4% N 2U HI 2 [ A R LK reads.

9.4.2 JREFEH|

9.4.2.1

fastqg XAFEE

YETEAE SR UL fastg SO AORER, HA R g BIfGEE Quality, B fasta
A H BT A T8E T ER & RE R,

fastqg )

XA P E I B ARl BRI, TS
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PRIISE MR LB .
fastq XMHFH, —ANFHIH 4 47HI, FATLL SRR7160928 1. fastq MG 4 17 461:

1 @SRR7160928.20924237 20924237 1length=126

2 CTGAATCACAGGGATAGTGTGAAGATCGACCAAAGTGAATTTATCAGAAGCCAAATACTTGGACTCAC
CAAGCCTGTGTTCGTAAACATCGAGGACCTTGGCTAGCTTAGCCTCTTCTTCTTCAAC

3 +SRR7160928.20924237 20924237 1length=126

4 BBBB/B/F/FFFFFFFFFFFFFFFFF<FF/<//FF<FFFFFFFFFFFFFFF/<FFFFFFFFFF/BBBF<<
FF/<<<FFBBFFFF<FFFFFF/BFFB//FFFF/BF/FFFF//FFBBBFFFB<FFFF

o W ATLL @ FFk, ZJENFBIBRAGG LR AR (S B (55 FASTA M sUIIHIALT %
e
o 4TI A
o HZATLL 4IPSk, ZJE T ATV LR AR R R (S (T
o HIFREREMEL, S5E AR, K0S AT AT

3 L B R R B IR B A5 B, S RS 7 %: phred33 I phredsd  (BJE
At phred F2RFTFR G SUI). LT BCHE R4, S5 700 (T e R B 7 2
PREERE (Paror) (B CCD RIS 59005 5 IR AE T 540 90D, His T DM
{55 A B R 1K

TRAESS R (Panor) S IRIE TR A5 (Q) 1926 S

Q= —1010g10 Perror

W Poror=1, W O =0; R Penor = Ofigure.001, N Q = 30,

BT WA RIS, TR T RE AR I =18 0 0 T AN S, aER 30 X
FERIPE AL T -

% EME B bR #EACAS (American Standard Code for Information Interchange,
ASCID #t2—MEfER 7%, ASCIL & —EFRmid )%, 1963 FFEwfE it i g4 i ik
ARG BHIbRETT &, HBAFRE 74 bit #ox, FLaLTiRR 27 = 128 A~
5, 5N 0-127. 12T )5 ASCIL 40 F -

Fh, 0-31 SEMA 127 SEFEGERY, HTEH AT, TTEERF R L RN, F
R FRR TR, W KREFEE NGFEEE BEMEARR .

B BT e), Q WA —MAE 0-JLTHX/MNERENES), WRERENR, REREEH
TR B GIRD, kRN FL, BAUN Q M EIEANEUE, fE15 0T Re R HUE ERREXS B _E AT 4T
EN74F. phred33 JFEESH O= QO+ 33, 1 phred6d HEEF O= Q+ 64.

W Ee R R P, B ASCIL #H1, F 45 A 70, XHTiZ 4R
phred33 /7%, NWEIE Q1EN 70 — 33 = 37. NXINAH P= 10 -10= 10"3"~ 0.0002, #it
HARENACN  0.02%, HFERIEE LT,
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(null)
(start of heading)

{ (start of text)
{ (end of text)

(end of transmission)
(enquiry)
(acknowledge)

(bell)

(backspace)
(horizontal tab)

(NL line feed, new line)
(vertical tab)

(NP form feed, new page)
(carriage return)
(shift out)

(shift in)

(data link escape)
(device control 1)
(device control 2)
(device control 3)
(device control 4)
(negative acknowledge)
(synchronous idle)
(end of trans. block)
(cancel)

(end of medium)
(substitute)

(escape)

(file separator)
(group separator)
(record separator)
(unit separator)

K 9.6: ASCII %

OO0 ~1OO Ok W~ O™~

DN A e

N I mNE < E OO T O ="y ITDTOTMmO O W@

HQoT OB B RN DH@HFHO OLUO OO

2 ~N < M 8 4 2 0

DEL

173
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9.4.2.2 fastqc L
BT R AR

1#! /bin/bash
2 for i in {28..33}

3 do
4 input file="SRR716095{i}"
5 fastqc -t 4 workdir/${input file}/${input file} 1P

workdir/${ input file}/${input file} 2P -o
workdir/${input file}/

SRR, -t IRELEN, -o ekt B, BFESEFRUAE—ALINHAN fastg
A (B readl 1 read2).

fastqgc MR HTML XXHFREREI, TEEAMERNESREE; WREZE AT
2, MFHFEL fastqge.zip T HIEIEE.

9.4.2.3 fastqgc g3

NILL SRR7160928 1P fastqc.html N, f#ik fastge 4R (#1717 HTML X
), Wi 10 Mgy, EAMA SHEMERIER (GEREN, BERNEE, 26k
#I):

1. AL+ E (BasicStatistics)

W 9.7, 4 MR BRI EEAG B G IHE. B

o Xft44

o fFRA

o FUE{A WAL TT 2

o RMIPHIKL: AER T HEEITHEL

o BhRIC IR 41 B

o FHINKE: REESHEMMEFFIIRE, WERITA IR, WAk E

—/MHE

e %GC: AP a A Bk GC A

FEAZAR 73 7K AN 23 HE s 7 B o ANiE T
2. HMBEFFIFRE (Per base sequence quality)

i 9.8, ZEI R FASTQ SCAFH RN B 1 BT s i B (B x R
BAE read MHIALE, v AR PTE - 4, r BOBE B BLT . FastQC ¥ H 3kl EL
P S o S w5 7%, o R .

B, 2R A R, B OAEAR I BT (25-75%), bR AR
10% F1 90% i, Wi AR & .

JRa, AEXEAERREZE, BEXEBAERREMA, SEXIEAERRERL.
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@FastQC Report

Summary
S @Basuc Statistics
@Basm Statistics
e | e
@Per base sequence quality 5
Filenane SRR7160928_1P
@Per sequence quality scores File type Conventional base calls
QPer base sequence content Encedine Eeegx g Tlininails
@ Total Sequences 18744203
Mw Sequences flagged as poor quality 0
@Per base N content Sequence length 36-126
%GC 45

Sequence Length Distribution

Qmuence Duplication Levels

@Overreoresented sequences

@mpter Content

Kl 9.7: FastQC it & (1)-FE:ASi1t

—RIME, WMFRRESEEL read EALEMEET N A1 PR R ERE . H
Ze—HALTHEH

AR ARAE AT o R DY N2 BN T 10, BRI R i TR A2 BT 25, R E
T o AARARATIEE B & R AT 5 B AR B B R AL BN T 20, AT

@per base sequence quality

Quality scores across all bases {Sanger / Illumina 1.9 encoding)

Kl 9.8: FastQC i (2)-ThbIL 7 51 )it &

3. BEFHRESH (Per sequence quality scores)

i 9.9, %o~ FASTQ U P HIRI =04 MR RER R — 2% 7 5 i R T
B, PEAEA 2 /DS 1z 8. ZELE SR A A I3 iR HUR)
FIME .

MFZAERT 27— XM HT 0.2% MEIRFE, Wk HES: WRKT 20—XH
1T 1% K RS, WA TE.

A ZAH A 35-36, W T AR 1 A A T R ARG 1
4. BIREFFIHR (Per base sequence content)

W 9.10, ZHAH reads FEEANLE MIBHIEAL R,  PURPE € 43 BIAREE DURBRIE )
Paa e
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Dper sequence quality scores

Quality score distribution over all sequences
1.2E7
Average Quality per read
1.0E7

DDDDDDD
6000000

uuuuuuu

2000000

23 24 25 26 27 28 29 30 31 32 33 34 35 36
Mean Sequence Quality {Phred Score}

Kl 9.9: FastQC & (3)-5:2% 7 5l i & 70 EL

WIER—NSCPERNERBENLINT, ASFEBRIE P G Rz L B R AR 2 AR F 1. BSEE Ol ] g
HERH), HAARNZEBERKER.

A, reads BT o 25 FiBRAE I LG ZE R o X BNV R RIE AR, LR 5L
e AR mMEMN I HR, 8 DO RN LS AR5 R SOE (FE L
FHr A B RNA-Seq SCEE) FIS e BEll b B B SCEE BT G 67 B 2 WAE I 22

W AR TE G C 2R ZEREAEMAERT 10%, RS K HES; R KT
20 %, WASTIE .

A, HiEAE XML, XECVFE D8 B RE S A% (bias), X EAHK
i

QPer base sequence content

ion in read (bp}

9.10: FastQC % (4)-FF0 L7417 & .

5. 8% 7% GC & (Per sequence GC content)
wE 911, ZEHAHAAERFIIN GC &M, x k& GC Antl, NMER
Z/DFyE GC &8 ZA .
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FEIEH BENLSCE S, AP S8 E BRBUES A GC &, bl b 12
AR GC &R, mTRNMAREERFAN GC &, FMHIEHL GC HHEER
S BB S, JEH TS A

WM R SR 3T 5 IERS /AT B 22 SR 15%, Ml 8 aniRidnd 30% BT,
WAFIEL .

A, scbr GC E B2 A 5 LS AT G158 -

@per sequence GC content

GC distribution over all sequences

GC count per read
1200000 Theoretical Distribution

1000000
800000
600000
400000

200000

° 02468 11 15 19 23 27 31 35 39 43 47 51 55 50 63 67 71 75 79 83 87 01 95 99

Mean GC content (%}

K 9.11: FastQC #h# (5)-F:2% 7% GC &=

6. FNMWBENMNEN N &E (Per base N content)

WK 912, ZEFRREGNMIE N WIENE . 007 ACTeiE 5 B A
Wrieh, Mk HIdA N

WRAEFM E R R N &8 >5%, MBS RKHES; Wi >20%, BAT@Ed. KER
N REE ZEI AR TR, EAREF, b f (30 N HI.

@Pper base N content
100

a0

9.12: FastQC ik i (6)-FF5/F41 N & &

7. FFKESH  (Sequence Length Distribution)
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k913, SoRFPIIKIERI AT . % ER o I E S BANE A D EARIE A, AT
SHTIN reads  #AMRNKE, ALTFEIHA, FEPREES, HETVLEML.
BEMFHIRRKEN 0 R, AFidd

Sequence Length Distribution

bistribution of sequence lengths over all sequences

1.2E7

8000000
6000000
DDDDDDD

0000000

3435 4041 46-47 5253 58-53 64-65 70-71 76-77 82-83 88-80 9495 102-103 110-111 118-119 126-127
Sequence Length (bp}

K 9.13: FastQC & (7)-1F7 FIKEE A

8. FHEEKF (Sequence Duplication Levels)

wmE 9.14, ZEEREAEARERAKER TN EE. FEXE—MITLE, Hik
B, x BRI E o 4L T R OK

B IS L2k R R R P A R A T K I A, AR L E RSN E R K
SR oA . B T IR (LR

R AEME— A1 7 S 20% DL b, ROk R B iR 50%, KA T
IRIBR, AR B I e p g% . S T DA E SRR, AT e FE PCR 8l
M
9. TERFEKFF] (Overrepresented sequence)

K 9.15, ABIrh A AR T,

EH SN Z 2 2R, IR R IR P AR h AR =, EAEwE TR
BB R, BRI STERG G

WER R BT F 7 S0 0.1% VAL, ool R s i 1%, AT
10. %%k 48 (Adapter Content)

i 9.15, KB R EF B E N & A B SO LU 8 R ARt
7t reads MEE|—NFH], BN —EAFAES] reads 450K, KU H A SbEE reads
B B3 N 3

WAL P AR TS 5% 1 reads HY, BEALHOK & 4 WAE T 10 % 1)
reads "', MAHLEATELL.

A B AR D A Sk T A
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@Sequence Duplication Levels

Percent of seqs remaining if deduplicated 44.21%
100
9% Deduplicated sequences

% Total sequences
90

80
70
60
50
40

30

10

1 2 3 4 5 6 7 8 9 =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level

K 9.14: FastQC 75 (8)-FSIH LK.

@Overrepresented sequences
No overrepresented sequences

@Aada pter Content
% Adapter
100
lllumina Universal Adapter
Illumina Small RNA 3' Adapter
920 lllumina Small RNA 5' Adapter
Nextera Transposase Sequence
80 SOLID Small RNA Adapter
70
60
50
40
30
20
10

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 84-85 90-21 96-27 104-105 114-115
Position in read (bp}

Kl 9.15: FastQC it (9)(10)-id BEARK [P HI AL N4
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Z I, FastQC RAENKF L L ., g slvrg — M, X0 5o 1 5 &R o K3
T R, MiZiEER], XELH trimmomatic AFRZ JEHIRIEEE R ik, HAREVCHA R LG
DR BCHE B, 153 ml DA IR I 5 B g A7 — WO %, FRE SRR 2
9.4.3 HXTFE#

W, Bty CLEE N EEXS o brs (HanSREA @I, w DLSR S RS Y i
VEALTH i, EFTEAE, WATLEEE, SR AR RS, BT NS00,
9.4.3.1 HXTEREHIANH

BEEmAE T FAI AT, XSGR E N T RSB L, M— Sk, S
ECHR [14] Giit, M 1988 fEFR K FEHT (2021 4F), ©&ZE/DE 1078 e T H
X B H— B4

& 9.1 JUMH A B T H

T HAFR HIRER | Hig EGIDIRFS Bie Xt B xof 7 v
FASTA 1988 DNA Hashing SW and NW
BLAST 1990 DNA Hashing Non-DP Heuristic
Gapped BLAST | 1997 DNA Hashing SW

BLAT 2002 DNA Hashing Non-DP heuristic
BWT-SW 2008 DNA BWT SW

BWA 2009 DNA BWT-FM Semi-Global
Bowtie 2009 DNA BWT-FM HD

TopHat 2009 RNA-Seq | BWT-FM HD

BWA-SW 2010 DNA BWT-FM SW

Bowtie2 2012 DNA BWT-FM SW & NW
BWA-MEM 2013 DNA BWT-FM SW & NW
STAR 2013 RNA-Seq | Suffix array | SW

TopHat2 2013 RNA-Seq | BWT-FM SW & NW
HISAT 2015 RNA-Seq | BWT-FM Non-DP Heuristic
BWA-MEM2 2019 DNA BWT-FM SW

HISAT2 2019 DNA BWT-FM Non-DP Heuristic

WMENBIA A EBASE I, BEALE, MR R, B, X BHEREE DG E
A7 22 HRAH R SCHR B A SR

AREFERAVE AL T HZ HISAT2, F—3 ChIP-seq Wi H 2 i f{# A (1 Exd T A 2
Bowtie2.


https://genomebiology.biomedcentral.com/articles/10.1186/s13059-021-02443-7/tables/1
https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://genome.ucsc.edu/cgi-bin/hgBlat
https://github.com/mruffalo/bwt-sw
https://github.com/lh3/bwa
http://bowtie-bio.sourceforge.net/manual.shtml
https://ccb.jhu.edu/software/tophat/index.shtml
https://github.com/lh3/bwa
http://bowtie-bio.sourceforge.net/bowtie2
https://github.com/lh3/bwa
https://github.com/alexdobin/STAR
https://ccb.jhu.edu/software/tophat/index.shtml
http://www.ccb.jhu.edu/software/hisat/index.shtml
https://github.com/bwa-mem2/bwa-mem2
https://ccb.jhu.edu/software/hisat2/index.shtml
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HISAT2, KFET 2019 & (ZFCHR [15D , & — Ml REWIHSER, 7% NGS
reads (DNA 5, RNA) X2 NREL R A HAM S ILH . FT KK BWT H19 &, HISAT2
HIKSEW T — 1B FM %51 (GFMD. B TEH—MUENEEFAN 2R GFM &R 5| 24t
HISAT2 i AR 2 ik o] 78 25 BN R A /N GEM &5l X/ R G (RN R
K5 HSLRERT SRS, LI TIF reads FIPLHEREH LT . BT R 5] RIS HFR N IR
£ FM %5l (Hierarchical Graph FM index, HGFM).

Bowtie2, &KFET 2012 4F (ZHE3CHR [16]), 22— MEINF reads PLid LLx) B K S5 )75
WRRST, B — KIS ZEE NAE. Bowtie2 FEllfEK T2 K2 50-100nt ) reads HEXTEIAHXT
HEKIERA E. BH FM RZ51RRETIIERH U4 RO BN AE RS, T AR A,
H—rH NN 32G. Bowtie2  CRPAZALA). R a) LS o 2o Lt . ¢

9.4.3.2 ARSI

Pext 2 BT Je AR N @ R 5], f# hisat2-build FEFP. FRLUILRAGEMSE LOF
MR R S AT N (H M TR R AA R TR, HEFEA CWE. AR T Bowtie2
M5 REERRAFHEE, HISAT2 MRIIEETFIE MG FAGE. HxdaE e
HOM GTF RSP 3EEL, HISAT2 #2407 ME/F hisat2 extract splice sites.py
. hisat2 extract exons.py AJLATERGET TAE:

1 hisat2 extract splice sites.py genome/Arabidopsis thaliana.TAIR10.54.
gtf > genome/splice sites.txt
2 hisat2 extract exons.py genome/Arabidopsis thaliana.TAIR10.54.gtf >

genome/exons.txt

PR 5]

lhisat2-build -p 50 --ss genome/splice sites.txt --exon genome/exons.
txt genome/Arabidopsis thaliana.TAIR10.dna.toplevel.fagenome/
genome > genome/hisat2-build.log 2>&1 &

2

3 # &

4 # -pfEAMLREL

5 ¢ --ss BEANEEMARIIER, TR, LiEhisat2H O

6 # --exon fRE—MIMNETIIR, HE, YA Zhisat2 H O

7 # FE, --ssiEUiM--exoniBULAt RN R, BEE A H

8 # genome/Arabidopsis thaliana.TAIR10.dna.toplevel.fa ZEHAFASTAN M
9 # genome/genome it SCHF 17 B AN HTLK

10 # genome/hisat2-build.log HWEZE5IHE

R SR
TXEETETEH, HEEBY N, FiaLRMGHERNENN, JNEEEMHEET .



HILE  RNA-SEQ SE56 5504

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

genome

Arabidopsis thaliana.TAIR10.54.gff3
Arabidopsis thaliana.TAIR10.54.gtf

Arabidopsis thaliana.TAIR10.dna.toplevel.fa

exons.txt
genome.l.ht2 # 5[ XHHLIht 2451

.ht2
.ht2
.ht2
.ht2
.ht2
.ht2
.ht2

genome.
genome.
genome.
genome.
genome.
genome.
genome.
splice sites.txt

Truseg-PE. fa

O J o oo w N

g

LN

RO EER LS, BRI IFaa s .

9.4.3.3 Xt

AT T T AR BALAR

14#! /bin/bash

2

3
4
5

O 0 g O

10

11

for i in {28..33}

do

access="SRR71609S${i}"

hisat2 -p 50 -—rna-strandness RF --known-splicesite-infile genome/

splice sites.txt
workdir/${access}/${
workdir/${access}/${access} 2P > workdir/${access

}/${access}.sam

done

# EIN
# -pZEH

# --rna-strandness fREFERFRIEER, BINREAMERRIER, X 8wl

-X

genome/genome

access} 1P

--dta

P, EFEFER, PRGRILBON N THRA, RECRIRBURFE AR [ B AN
s X T X, 8 FRECRE, A8 A IXANEIE RS B IR — A ks kbR
%, HhERNZEERR T —MERF A EINESRAR, -SRI ZEERRET

—AMEFE R ZH -5 E ISR
# —-known-splicesite-infile &€ CHIBI M RE R, EAFIX—iLD

i=|
=

=1
=2

=
T

182
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12
13

14
15
16

B, FOREMERGIEES CEEE 7B A, TIX B8 E R BT A 5
52 Aida € K BT A [F]

# -x BER LI R E A ET R

# --dta Hl--downstream-transcriptome-assembly, U1 Fifrs BT RAH
3, BUNAZIG XA IR, A0 LR TR R AR AR R AR T Ao B
PIEEXT, hisat2fF 2K I E KEA BE MM K R ILBT A f,  BIIX TR
LEXS Rzl 35 Bhde i s A A 26 Ry i - B A N Al R

# -1%8E readl XfF

# -2¥8 Eread2 X1t

# workdir/${access}/${access}.sam FRERH IR EMIF4

SAM CHF—REEER, TEAAES A RN FRAZEREER | HEEI$ES samtools .
HISAT2 ¥ 7=4 — S TEN/E 5 Bt a5 3, k-

N

10

11

12
13

14
15

16389493 reads; of these: # Mreads# H
16389493 (100.0ff ) were paired; of these: # A/ freads, A2
trimmomaticHutif) 1PAI 2P ELXY, ﬁﬁk%ﬂ 00
337606 (2.0¢) aligned concordantly 0 times # WA X B reads
15292177 (93. 3& ) aligned concordantly exactly 1 time # ME—LUXT T
reads
759710 (4. 6{lw) aligned concordantly >1 times # AME— XS reads

337606 pairs aligned concordantly 0 times; of these: # & HH
3 EE X H

137938 (40.86 ) aligned discordantly 1 time # R ANE KL
/]

199668 pairs aligned 0 times concordantly or discordantly; of these

399336 mates make up the pairs; of these:
199796 (50.03) aligned 0 times
179862 (45.(%1 ) aligned exactly 1 time # {EA®umELXS, AL
Lot B
19678 (4.93) aligned >1 times # AME—LLX}
99.39 overall #ignment rate # SAKELXTER=ME— LG+ ASME— X+
ANE EE H AT DA B s EE X Y

Vo 3 SHED 4
I
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9.4.3.4 SAM CHHHEFFFIEEH

184

SAM 1%, &K Sequence Alignment/Map, »&— N T4l LU 2225 551 EIAEY)
JFHISCAMS . BAM #30, 4FK Binary Alignment/Map, & o2k k46 1 —dkH SAM
. SAM, BAM, KECESHT TH SAMtools & ERI =K EEEFH KN (S5 Tk

[19]).

SAM Mk (header) FIEEXTIX (alignment section) 4
. SCHFSREATLL @ JFk, #H SRR7160928.sam [3CfFk

LI
1 @HD VN:1.0 SO:unsorted
2 @sQ SN:1 LN:30427671
3 @sQ SN:2 LN:19698289
4 @SsQ SN:3 LN:23459830
5 @3sQ SN:4 LN:18585056
6 @SQ SN:5 LN:26975502
7 @S0 SN:Mt LN:366924
8 @sQ SN:Pt LN:154478
9 QPG ID:hisat?2 PN:hisat2 VN:2.2.1 CL:"/home/lishuai/
Software/miniconda3/envs/jejune/bin/hisat2-align-s --wrapper basic
-0 -p 50 --rna-strandness RF --known-splicesite-infile genome/
splice sites.gtf -x genome/genome --dta -1 workdir/SRR7160928/
SRR7160928 1P -2 workdir/SRR7160928/SRR7160928 2p"
EEXf X AR Z AT R R, BT RS 11 DM E 7B, AR ATR 7. X 11 4>l
P B
5| B R | HER
1 | QNAME | String | read %7
2 | FLAG |Int text FLAG $=2 #
3 | RNAME | String | 255514, WX RIS H gtk S
4 | POS Int read LEXFRISHFH) L, B—PDIEERAE
5 | MAPQ | Int BEOKH FR) 5 B 70, b i P o e —
6 | CIGAR | String | CIGAR &
7 | RNEXT | String | mate 8% N —"MFAISHFo4 (Qetik's)
8 | PNEXT |Int | mate 8% N —MFHIHINLE
9 | TLEN | Int | BEARCKEZAIME
10 | SEQ String | /T BUF S
11 | QUAL | String | Phred33 J5 %3 7 [ 3 i &

#E SRR7160928 . sam AT X [—AN & BT




FEHE  RNA-SEQ S5 54047 185

1 SRR7160928.3 99 3 16908211 60 100M1D26M
16908271 186
AGCCATTCCCGATGCCGCGTTTGCCTGTTATCATATCAATACACATAACAAAACACTGAGAAGAT
GCACATCTCTTCAAAAACACATTTTCTAAAACAAAATCACAACTTAACACAGAAATTGGAT
BBBBBFFFFFFFFFFFFFFFFFFFFFFFF<FFFFFFFE<FFFFF/FFF<BFFFFFFFFF<FE<
FFFFFFBBEF//<FFBB/<<BBFFBFF/<FFFFFF<FBFFFFFFFFFFFBFFBFFFFFF<//< AS:
1:-8 XN:1:0 XM:1:0 X0:1:1 XG:i:1 NM:1:1 MD:Z:1007°G26 YS:1:-8 YT:Z:
CP XS:A:- NH:i:1

2

3 # [BEFE

4 # SRR7160928.3: read&¥, A saMX Al fE I Z A FreadZ % H, X
JE RN — 2k read A] BEME LLXT 2 Z ANy B

5 # 99: VPbitIBAKRHIFLAGs, XHE99=64+32+2+1 7 HIREK "X & FFZreadl”.
"ECNT AR A B R A IR SR SESE LU " readsd O R A ) — 2%

6 # 3: ZreadWf LX) F|35 YLtk

7 #16908211: ZreadtXt EHIRIGAI S £16908211

8 # 60: ZreadMIHX =, THHIEN-10%10g10 (Pr{mapping position is
wrong}), X ilT )RS A

9 # 100MID26M: CIGARZFFH, 1004LHL. 14 Deletion. 26/ MILAL

10 # =: mateltXEIMSHETFHIL, W3, frid =

114 16908271 : matebtXf ERERIGAIAE16908271

12 4 186: HiXfreadstbXhiid siB X2 f B PR B, B U2 LG I B BUBEAR 7 21 1)
KR

13 # AGCCATTCCCGATGCCGCGTTTGCCTGTTATCATATCAATACACATAACAAAACACTGAGAAGAT
GCACATCTCTTCAAAAACACATTTTCTAAAACAAAATCACAACTTAACACAGAAATTGGAT

readf] 7%

14 +# BBBBBFFFFFFFFFFFFFFFFFFFFFFFF<FFFFFFFF<FFFFF/FFF<BFFFFFFFFF<FF<
FFFFFFBBFF//<FFBB/<<BBFFBFF/<FFFFFF<FBFFFFFFFFFFFBFFBFFFFFF<//<:
Phred33%mid3R s HITREE i &

15

16 # Wik E

17 # Wik BIBES — kg \: TAG:TYPE:VALUE

18 # AS:i:-8 HEXI4r%k, WA SEBHA, {5 R-8

19 # XN:1i:0 fEZFH 75 BRI 112k

20 #XM:i:0 FBEAIANER

21 # X0:i:1 gap openfI/ ML

22 #XG:1i:1 gap ZEHAINEL

23 # NM:i:1 ZIZFERFHINgEERS, GREEHNEE, BT, RSB
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R, JRAEFEE N1, BFAMNE 1N deletion; KT YmBIERT X E35

24 # MD:7:1007G26 I EBFFTH, "RGEM AT FRF, 100 ML 5 H
M—"~gap

25 # YS:i:-8 Xt

26 #YT:z:CPLUXTISRAY, cp RonG&FATELXT

27 #XS:A:-FEHFHILERSS, XRKA

28 # NH:i:1 FEAREFFCEHRENESHERTSIRILEH

SAM (A MRE RN, WRBEZAIZHE L WIHERE, SAM UFRIREFIATZ
b o ARAF A ARE BN 1L, By — S5 . SAM U AT B U 7 AORAF LU 25 2,
JTENGKRIAEE, EAMTIHENACE, KHIEHZE Rt HI1) BAM SCIF, ST AR
i

1#! /bin/bash

2 for i in {28..33}

3 do

4 access="SRR71609S${i}"

5 samtools sort -1 5-0BAM-Tworkdir/${access}/tmp -0
workdir/${ access}/${access}.bam
workdir/${access}/S{access}.sam -@ 50 -m 1G >

workdir/${access}/${access}.sort.log 2>&1

(@)

done

# BT

¥ -1 FRERGEKT, OIS, UDVRIRESE, o kg, Bm Sl LAgE
P A R /MB 46 18 Ak PRI 5

10 # -OFFE K A%

11 4 - T TS SO e AT

# —o fi & i A

o

12 R
o F e

§ -m ARSI WA
14

HE, G BAM XFEAGEH less  cat a4 HEZEUY .

9.4.4 FEFRAHIE

19 BAM XHE, BPATMTHESRARRA Y. Ak, A4 % (assemble)?

Ky NGS AR/ B HEH TR SR AEY it B, 75 B X 28 Fr Bt
PRI Fr BLe AR M6 StringTie 24T

StringTie K& T 2015 4F (ZHCHR [21D 22— LN RNA-seq Wil HIFEFAHR S
e, SRS DESeq2. EdgeR 547 RIFMIFEE. KT EMEMAHA,
5 B 225 3R [ 7] -
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AT TR AR «

14! /bin/bash
2 for i in {28..33}

3 do

4 access="SRR71609${i}"

5 stringtie workdir/${access}/${access}.bam--rf -p 50 -o
workdir/${ access}/transcript.gtf -G
genome/Arabidopsis thaliana.TAIRI1O
.54.gtf -e -bworkdir/${access} >workdir/${access}/stringtie.
log 2>¢&1

6 done

7

8 # LI

9 #-rf IBEFHNEREEETA: fr-firststrand

10 # -pARFESAMLIEL

11 # -o WEStringTieHIEH AN Mt GTF BRI A4

12 # -c WHZSHFREF B SFHELRE, #%lcTr/cFF3

13 # -e [Rffilreadstbxy b BE, UG H 5 H-GIETg: H 225 B AR ILRC Y 20
RHFAR, fFHZEN P T 5 2 F R ANV ) H B R A, HRR
PRSP

14 # -b #87E . ctab XHH%IH A

15 # workdir/${access}/${access}.bam #&EHMAKIBAM A, JERZHAH LA
FHFER A BT, HISAT2 f%0H U NI FF 40t samtools  sort A i bam™C
524 AT 2 fcn N S

StringTie HFZ4H A (BL SRR7160928 HD:

—_

SRR7160928
e2t.ctab # A .ctab 3 MFHAM T MifBallgownAF £ 7 FRIE M K%
N
e data.ctab
i2t.ctab

N

i data.ctab

stringtie.log# HEHE

t data.ctab

transcript.gtf # & A EFANCTF LI

NI O U B~ W
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9.4.5 HERIHEERE

fE Linux Zmff &P TRIERECEBEn s, BN RIBATFZM StringTie 1=
AW GTF U A B R, DUHERE R 2 S I8 A fr fi .

StringTie F /AL T —/ Python A prepDE.py, M stringtie fiiti 1 GTF
AT (E SR H reads THE ST B4 e 2L R AH X 3k RE, it DESeq2 T HH .

HAT N2

1 prepDE.py -1 workdir -1 126

2

3 # LI

4 #-ifBEMAXM, FTES - NEEARATHRAESR, AXRERINEES
workdir/Hz3

5 # -1 -F¥readsKiE, W MfastqcsiBHIRA

G S EA M gene count matrix.csv i
transcript count matrix.csv . f¥f] FileZilla 8¢ Xftp #EA1TF B4 H, RNA-
seq MHTEE BT ER B ILAE R, TR

S3 B ATAEAS N LI H 58 R

9.5 RNA-seq 417 II

Linux-based Essential Bioinformatics(LEB) s&iX [ TURFERIZE S, BEsRutk, N4
X Mt AE Linux P& L5 e ?
BIATE Linux B2/ R BRE S B, H R BT Windows &85 K 4f .

9.5.1 R 5 Bioconductor {4

R ZRF AR A HERITRRA, B KRR, A < B R A
Y& fEBioconductort- & T . CRAN(Z: &1 R 74445, Comprehensive R Archive Network)
el R EE5CRF ) R E S PO G . ZATEN L2223 R, AlJjH CRAN F# R %
(ER7& O

Bioconductor il H S A+ SCRPAME SR G B DT IR AR AT, gt xd A= 0 H5cais )™ 6 FEO AT
AR AT

Mg REEF, BT E— A H RO K A8 (IDE), X RHEFRStudio, w2
RStudio Desktop Open Source Edition. i H) %3 E Al 2% BEKPI AR . IE—4,
7R e fE1043 3] RStudio>Tools>Global Options>Packages>Management 1, # Primary
CRAN repository 2y China (Beijing) [https] - TUNA Team, Tsinghua University, X¥f %
FHIRTH TR

— VIt g e, RIATEAT A


https://www.bioconductor.org/
https://cran.r-project.org/
https://www.rstudio.com/
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9.5.2 i DESeq2 #HITEREFENHT

7z St H KRk (Differential Gene Expression) 75#7/& RNA-seq 7 #T B ZE—3F, w4

SCo Zo T REHR XS IR AR S 21 rp B A 22 S RAK I D o SRR SR DY SR TE K TR S 3 2 A
RSN, A e R E N, AR R Y R .

DESeq2 #ErfrZ R RN HH R 4, MTsdertBidEmin—. v emzs o,

BRI 228 58 DL g AROR A T3 s B A A BSORE FE R SR B Al VB, IR S IR LS R 5 B
iHH-

RN DESeq? :

if (!requireNamespace ("BiocManager", quietly=TRUE))
install.packages ("BiocManager") # fi#&iBiocManagerst:
oG, T2

BiocManager::install ("DESeq2") # Mbioconductor%#DESeq2
library ("DESeq2") ##{ADESeq2fl

fER #EH G Avignette ("DESeq2") W LAEHEDESeq2 K MUY Analyzing RNA-seq

data with DESeq2, T453-HfS—1%. DESeq2 MIEEAMA 7AW~ (51 H DESeq2 {4t
B, BBl N —NER, ZJESEERIR M6 AR

NN O O B O N =

dds <- DESegDataSetFromMatrix (countData =cts,
colData = coldata,
design= ~ batch + condition)
dds <- DESeq (dds)
resultsNames (dds)
res <- results(dds, name="condition trt vs untrt")

res <- lfcShrink(dds, coef="condition trt vs untrt", type="apeglm")

DESeq2 Fil {91 A\ TH Boa ot — BB RN AERE . BRI (AT5 j ek

THES j AR EIE A 2 /0% reads WU ECEIES § NEEAISL . DESeq2 KAEN
PR AE SR/ AL N B B JE 7 A R e )71k

FAIAWKE—T gene count matrix.csv XHHINZ, FIfEA RStudio MHNE

TERFTH (AEAFH ExceD. #IEHTLIT:

1 gene id, SRR7160928,SRR7160929, SRR7160930, SRR7160931, SRR7160932,

N G B~ LW P

SRR7160933
AT1G0O1010|NACOO1,643,445,523,285,335,293
AT1G03987|AT1G603%87,0,0,0,0,0,0
AT1G01030|NGA3,115,122,123,106,100,116
AT1G01020|ARV1,451,421,440,390,454,477
AT1G01060|LHY,673,643,654,928,1044,853
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AT1G01070|UMAMIT28,614,546,529,207,204,179
AT1G01080|AT1G01080,1002,819,843,1878,2073,2119
AT1G03997|AT1G03%99%97,0,0,0,0,0,0

81V RERGS, 5 2-7 505N SRR7160928 £ SRR7160933 3 6 MFEM, %k

P2 A, NiZTT & DESeq2 25K,

DESeq2 H 5 2 (1) £ 48 45 4 /E DESeqDataSet (fE AR H i Lldds R E ¥ 45 74 (1) 5

#l), #@E dds TE-PIHEHEE cts , —PRTHEREERERE coldata Mt A=,
DESeqDataSet % R AL ZUEA FREHIIT A3 (design formula). Wit A Gk | @k
MBI R, MiZIBORE (~) 1k, Jal2LInS + EEm2MRE . it AUk

R FEAN THE Y ) log2 A4 AR 1L

et dds X R

# FEZ AT [E— S B AT

# gene count matrix.csv WBIEHREITIEEXT

countData <- as.matrix(read.csv("gene count matrix.csv", row.names="
gene_id")) # #EAcsvi(ff, FREF I NFLMAEIE, countDataN &
nE9. 16

condition <- factor (c(rep ("Osmotic",3),rep("Control",3))) # Ff
TR P EEGNA T, colDataBEHEN AT — MUAEHEF Fros

colData <-data.frame (row.names=colnames (countData), condition) # Ul
countDatal¥| 4 NIT 4, CARIFNE —FINE

dds <- DESegDataSetFromMatrix (countData = countData, # 14U

7 colData = colData, # FEM{EE, CESLIFEM
% (SRR71609..) FIALFEZ&AF AT ("Osmotic", "

Control™) HIXF M

8 design = ~ condition) # {XAXWEF LS 2%
AHR 0 2 2K 1) 52 e

1 >colData # colDatali%&

2 condition

3 SRR7160928 Osmotic

4 SRR7160929 Osmotic

5 SRR7160930 Osmotic

6 SRR7160931 Control

7 SRR7160932 Control

8 SRR7160933 Control

A dds M GSE, BIREATZRRIE . 785 R8T AR HE D BRES B 2578 T eRi L

DESeq . AILATER &l &I 2DESeq B & T Bl $AT R AT 047 :
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SRR7160928 ° SRR7160929 - SRR7160930 - SRR7160931 - SRR7160932 ~ SRR7160933 ~

AT1G01010{NACDO1 643 445 523 285 335 293
AT1G03987]|AT1G03987 ] 0 0
AT1G01030|NGA3 115 123
AT1G01020]ARV1 451 42 440
AT1G01060|LHY 673 643 654
AT1G01070[UMAMIT28 & 529
AT1G01080]AT1G01080 843
AT1G03997|AT1G03997 0
AT1G01040|DCL1
AT1G03993]|AT1G03993
AT1G01046]ath-MIR838
AT1G01050|PPal
AT1G01090|PDH-E1 ALPHA
AT1G01110]1QD18
AT1G01120[KCS1
AT1G01100]AT1G01100
AT1G01180]AT1G01180
AT1G01200|RABA3
AT1GD1190|CYP78AS
AT1G01130]AT1G01130

AT1G01140|CIPKS

9.16: countData FEFEMIAN A (IO,

1dds <-DESeq(dds)

MG results XJACPEEXT LM SE LK.

1 res <- results (dds, contrast =c("condition","Osmotic","Control"))

ANGIEE res MR (£ R IFHIGHIA res JEHIZERIT]D, X524 32833 1T 6 FIIHIHRAM
Hrb g5 BHE log, 5412472 (log 2 Fold Change, LFC), p MK IEEH p . 7£ resultsif
BB FIRSEL log, AN Wald 5 p AR Bt A iRJa — T = K R
Tt — AT, AR ZE T &G — K 525 K-F Z AR

VN TEE o cfontrast = c("condition", "Osmotic","Control") , HI45:E log, f&4
A% = log, SOt . Wald test {1 p {fi 8,24 % Osmotic vs Control i & ffJ.

Control

>res
log2 foldchange (MLE) : conditionOsmoticvsControl
Waldtestp-value: conditionOsmoticvsControl

DataFrame with 32833 rows and 6 columns

g1 = W N =

baseMean log2FoldChange 1fcSE stat

pvalue padj
6 <numeric> <numeric><numeric><numeric><numeric>
<numeric>

7AT1G01010|NACOO1 414.226 0.69910450.13782515.072404 3.92821e
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-071.19671e-06

8 AT1G03987|AT1G03987 0.000 NA NA NA NA
NA
9 AT1G01030|NGA3 113.442 0.0418131 0.2049195 0.204047 8.38317e

-01 8.79056e-01

10 AT1G01020|ARV1 438.232 -0.1280266 0.1179763 -1.085189 2.77838e
-01 3.57643e-01

11 AT1G01060|LHY 802.978 -0.6359010 0.0917137 -6.933542 4.10432e
-12 1.76098e-11

12

13 ATCG00010 0.000000 NA NA NA NA
NA

14 ATCG00060 0.501972 0.796135 3.05109 0.2609347 0.794143
NA

15 ATCG00230 0.337939 -0.118069 3.91989 -0.0301205 0.975971
NA

16 ATCG00260 0.177490 -1.079850 4.08047 -0.2646386 0.791288
NA

17 ATCG01030 0.337939 -0.118069 3.91989 -0.0301205 0.975971
NA

AT LA RS p (ENDNBIRNS res FAGHATHET, 1155 AN

1 resOrdered <- res[order (res$padj), 1 # XrestRifipadi#iTHF
2 write.table(x = as.data.frame (resOrdered), file = "./

Osmotic Control all", quote=F, sep= "\t", row.names =TRUE, col.
names = TRUE) #KHEFERISERE AN

3

4 4 1B

5 # x = as.data.frame (resOrdered) ZEEANXHMINSR, X BT 5ES]E
R W R AR

6 # file = pasteO(".","Osmotic"," ","Control"," all")

7 # quote = F FRFEHF AN 5] 5 H

8 # sep = "\t" HREFESEM, xPEHATHSWINMTTHIT, X HERERK
7 il R AT

TRUE fF1EAT 45
10 # col.names = TRUE fZFESIZAT
11 #file="./Osmotic Control all" f&7EFH K3t KT

9 # row.names
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MJE, X resordered IS HAE—LLimidk, EFHPAMLENEZE T . X B )8 A &
e AT AR “ BB ARBIFCREUIARHE R R RIEJE p HIET (NA), H, ®KIEfE p
<0.05, H, log, FHAALMILNHE >=1 (X—fEREDPKRAET 2 U B ERAECRRD . AR
(3N

1 resSig<- resOrdered[! is.na(resOrderedS$Spadj) & resOrderedS$padj < 0.05
& abs (resOrdered$log2FoldChange)>=1, 1 # JfikEEILAIZERFEAN

resSigEP

2 write.table(x = as.data.frame (resSiqg), file = "./Osmotic Control",
quote = F, sep = "\t", row.names = TRUE,col.names = TRUE) ¥
EYNELET

SR, 30T F B FASAFIFA S Osmotic Control all A
Osmotic Control . JEF# EIEBFEALR G FRIL/KEEWHFER, FATA] L LA
TEEIT

#F Osmotic Control CHFHIFIJLAT:

1 baseMean 1log2FoldChange 1fcSEstat pvalue padj

2 AT1G16850|AT1G16850 1715.99374481034 5.49670350388015
0.139677664645622 39.352773529153 0 0

3 AT1G17020|SRG1 3114.9192729861 4.06382582468953 0.0788026125440306

51.5696839672528 0 0

4 AT1G54570|PES1 6540.59765028929 3.65917578065995
0.0904564945713295 40.4523279174223 0 0

5 AT1G54575|AT1G54575 3949.00276631203 4.4835805051715
0.0889960098312112 50.3795677320254 0 0

6 AT1G58360|AAPL 7140.71482107642 2.6659669727083 0.0629809894512548
42.3297092652326 0 0

ZRENARRES, HRMATELPRERSL, ATFE baseMean . log2FoldChange
. 1fcSE \ stat . pvalue B padj FEHE, FUILTFEMMAHE, £ Linux Fo BT (E:

1 sed-n'2,$p' ./Osmotic Control | cut-f1>./DE genes

2

3 # ke

4 #sed-n'2,8p' ./Osmotic Control {TEIZHHE22IHE—THINE
5 b | I sedfr SUFEI % cutfrd

g *ocut -f 1 IREUAITHER 7R

7 # > ./DE_genes X} AHTEREMLEREEME]. /DE _genesLIF

#E DE_genes XAFAIJLAT:

1AT1G16850|AT1G16850
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2 AT1G17020|SRG1

3 AT1G54570|PES1

4 AT1G54575|AT1G54575
5 AT1G58360|AAPL

6 AT1G64110|DAAL

7 AT1G75040|PR5

8§ AT2G19900 |NADP-ME1
9 AT2G22990 | SNG1

10 AT2G37870 | AT2G37870
11 AT2G38530|LTP2

PREMUHE R 42 5T o

9.5.3 GO BEST

L E AT B AN InterPro 2035 FE T ) GO % H, AT LA[R]Ji .

GO RHE:HAE (Gene Ontology) IS, ‘B RIEHEF & F i KRR F DIGe(E B
W, RRIES AV AL 2 50 5e (v H & B B Al AR N RmT i), AL
WAEER . GO WMERIAK BAs 2@ L — N2 AEM R EEA, NmEHEMNS T 2H
BUARIK, ) 5 AR iy 2 I 24

FERAAM Z — P RGO )R R S H = J@ AT R N T A R . BRI H AR

o Yrdr AUk AT PR 1 R S L = ) Ja e A R ) Rl

o TEREELR K H Y, R AL R R R

o PRI T H ) B

o SUHLLESLIGEIE LA L, {EH GO BT/, FlandE R s E4 0t

GO FEMHE =030 sy 5T Iief Ayt e,

APMLZAHE” Ontology” IXAMA PR, BEEARTZFE L ERAKL, HAREEEEX
ERAMER. fEIXHE, Ontology HRAEA ZRHIARER, fRMt—MIErERET K. °

AR clusterProfiler #H4T GO B4. BALIHTHES TIE. M/ clusterProfiler
EAEHEAT GO T, W AT B ID, Fra R ID ZR8E80 PL orgDb SCAF#RE.

Bioconductor #EF" 7% WAIFK OrgDb X, W LUEN Z2 35 d .

# ZHBiocManager, WIRARA LHM)E
if (!requireNamespace ("BiocManager", quietly=TRUE))

install.packages ("BiocManager")

Gl = W N =

L[ oy
# AR

SLE T AR —F: The Ontology of the Gene Ontology, Xs& kA RAERISCE, FTLUHER GO KM, B
Hu, XERT .


http://geneontology.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480173/
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BiocManager::install ("AnnotationHub")

BiocManager::install ("clusterProfiler")

O G N O

(
BiocManager::install ("org.At.tair.db")

(

(

BiocManager::install ("dplyr") # WHRZEAMF], 7= @0
force=TRUEZ#}

10 BiocManager::install ("ggplot2")

11 # AL

12 library("AnnotationHub")

13 library("org.At.tair.db")

15 library("dplyr")

(
(
14 library("clusterProfiler")
(
16 library("ggplot2")

BARIEKT-BESCEHEERE A, HH enrichco FHATE LT, BEIEE. EHEE R W
Bps 9.17, Al 257 RIE R NG SRAEMPICE I8 HE . AR eE. Uik, |tk
PULSPIBLRE. ATP & SUBIRAV R 71k SALBEIRIL . TP ATP R, A4
TR BE B AR BT T -

XF AT DABEAT — Se i RE . 2B e v Ae 3 ECA AR s, DR 0 R A O A I R I e
TCEWFIR, 3 EERLAR BRI HE 1T 51 A v T AR I BEINT R, A RIRGA BR, B iE I ia AT RE
PR A RS TR, SRR RN R 2 RS T HE A, SR AT
WEYThRE. FALBERIL . ATP ARBIHIAEAL; 2iE WA iE v] Re fe SR 42 40 i A AR ZRAX
AR URITEE S /7, RS ECT AR R

BE 2, IEmIEE— A Ll = AR U, AR T DURERE, (E R IERT LR EAT
LV

1 gene all tair <- read.table(file="./DE genes") # LA fF

2 gene:all:tair <- as.list(gene_all_tai;)$Vl # BOLE— IR R

3

4 go all <- enrichGO ( gene all tair, OrgDb=org.At.tair.db , ont = "BP"
, pvalueCutoff =0.05 , keyType="TAIR")

5

6 # enrichGOiEIN

7 #gene all tair MIARIERFEFIZE

g #OrgDb=org.At.tair.db J8EFHRIzER 4 B FH I HEE

g #ont="BP" fETH = A/KFIHATESE

10 # pvalueCutoff =0.05 fEEpvalueBWifg

1 # keyType="TAIR" ¥ %\ EHE

12

%Zhang TY
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13 #pdf("./DE genes GO.pdf",, width=10, height=10,compress=F) # IS
A ppd £3C1F, HUTE AT RS

14 barplot(go_all,showCategory=20) + scale fill gradient( low = "#f£c080"
, high="#55a0fb", space ="Lab", aesthetics="fill", guide=
guide colorbar(reverse= TRUE)) # WIZEARpdf XM, PUEAITER

15 #dev.off ()

respiratory electron |
transport chain

electron transport chain

cellular respiration

energy derivation by | p.adjust
oxidation of organic compounds

1e-04
ATP synthesis coupled | £
electron transport 2e-04

3e-04
oxidative phosphorylation 4604

aerobic respiration

generation of precursor |
metabolites and energy

ATP metabolic process

=
—

2 3
Count

o

K 9.17: GO E&ENM MR- R R X5 B T — 2854k,

2, 2 RNA-seq &4k, XRAZ—MRFER, HERETIER, REAH
LAY, AT ARSI ST, B T A TS B
UIR AR R . KL, BT KEGG B, Al LIRSk [18]
MRV E. ZEER [18] A ARYEFEZFHIHARTE R, AR, AR FR AL
RHE), 3R E 1B

27 3k

[1] NGS ¥4 )€ 2 Trimmomatic V40 B

[2] TrimmomaticManual: V0.32

[3] Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: a flexible trimmer for
[llumina sequence data. Bioinformatics (Oxford, England), 30(15), 2114 - 2120.

[4] SAMtools Documentation

[5] FastQC Documentation

[6] NGS 3 J ] #-Illumina $3 A 7T


https://www.jianshu.com/p/a8935adebaae
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/TrimmomaticManual_V0.32.pdf
http://www.htslib.org/doc/samtools-sort.html
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/
https://www.illumina.com.cn/techniques/sequencing/ngs-library-prep/rna.html
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[7] StringTie Manual

[8] Sultan, M., Schulz, M. H., Richard, H., Magen, A., Klingenhoff, A., Scherf, M., ... &
Yaspo, M. L. (2008). A global view of gene activity and alternative splicing by deep sequencing
of the human transcriptome. Science, 321(5891), 956-960.

[9] Kukurba, K. R., & Montgomery, S. B. (2015). RNA sequencing and analysis. Cold
Spring Harbor Protocols, 2015(11), pdb-top084970.

[10] mRNA 3 7 4
11] Illumina TruSeq RNA Library Prep Kit v2 Data Sheet
12] TruSeq Sample Preparation Best Practices and Troubleshooting Guide
13] How short inserts affect sequencing performance
14] Alser, M., Rotman, J., Deshpande, D., Taraszka, K., Shi, H., Baykal, P.1.,, Yang, H. T.,
Xue, V., Knyazev, S., Singer, B. D., Balliu, B., Koslicki, D., Skums, P., Zelikovsky, A., Alkan,
C., Mutlu, O., & Mangul, S. (2021). Technology dictates algorithms: recent developments in

[
[
[
[

read alignment. Genome biology, 22(1), 249.

[15] HISAT2 =111

[16] Kim, D., Paggi, J. M., Park, C., Bennett, C., & Salzberg, S. L. (2019). Graph-based
genome alignment and genotyping with HISAT2 and HISAT-genotype. Nature biotechnology,
37(8), 907 - 915.

[17] Langmead, B., & Salzberg, S. L. (2012). Fast gapped-read alignment with Bowtie 2.
Nature methods, 9(4), 357 - 359.

[18] Z#. . RNA-seq UM 43 H7 )5 38 K AR V.

[19] Li, H., Handsaker, B.,, Wysoker, A., Fennell, T., Ruan, ]J.,, Homer, N., Marth, G,,
Abecasis, G., Durbin, R., & 1000 Genome Project Data Processing Subgroup (2009). The
Sequence Alignment/Map format and SAMtools. Bioinformatics (Oxford, England), 25(16),
2078 - 2079.

[20] SAM #% 23T kY

[21] Pertea, M., Pertea, G. M., Antonescu, C. M., Chang, T. C., Mendell, J. T., & Salzberg,
S.L.(2015). StringTieenablesimprovedreconstructionofatranscriptomefrom RN A-seqreads.
Nature biotechnology, 33(3), 290 - 295.

[22] Bioconductor Project

[23] DESeq2 Manual

[24] Z'#4]. Linux W15 BHEORIERL. PRE 2R,


https://ccb.jhu.edu/software/stringtie/index.shtml?t=manual
https://www.bioinfo-scrounger.com/archives/62/
https://www.illumina.com.cn/products/by-type/sequencing-kits/library-prep-kits/truseq-rna-v2.html
https://support.illumina.com.cn/downloads/truseq_sample_preparation_best_practices_guide_15025666.html
https://support.illumina.com/bulletins/2020/12/how-short-inserts-affect-sequencing-performance.html
http://daehwankimlab.github.io/hisat2/
https://zhuanlan.zhihu.com/p/532144076
https://samtools.github.io/hts-specs/SAMv1.pdf
https://www.bioconductor.org/
https://bioconductor.org/packages/release/bioc/manuals/DESeq2/man/DESeq2.pdf




