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FATTAT CAHEWT AN [F] 2544 A T RE R IE - mRNA-seq 185 @ I I PR S /N EY # EE
RECN 3 IR, 5 U W RS 245 SR 0] e 22 R i B AE AR e AR I (9 kg
AT SEER), RELLZMELE . Frbl, —HSLE RAMLEA) SRESH
6~10 NMEEML, P24 6~10 NEE S % fastq U it AR B DL A RAZ A A A it #2 +
SrEE,

X##i7: mRNA-seq analysis, F5ILLXS, MFEE, EFRIE

B &

1. BR%4% (5. 1620-G20; %%:i: centos7; CPU: Xeon(R) CPU E5-2620 v4
@2.10GHz, 3 t%), HTiEiTHKam4

2. F@EANNEMN (FEOLLRE R, 88AH N A& 2EFEREH Mac 24T
AR )

0"H

1. FastQC (v0.11.8)
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mulitiQC (v1.6)
flexbar (v 3.3.0)
STAR (STAR_2.6.0a)
samtools (v1.9)
HTSeq (0.11.0)

R (v3.5.1)

N o o kD

LI BR

Ve RHFERR T O RSS 75 LT L R HEF AT TTHT o AR 25 H1 P
I, 52 LT

FastQC: https://www.bioinformatics.babraham.ac.uk/projects/download.html

mulitiQC : httos://multigc.info/

flexbar: https://github.com/seqan/flexbar
STAR: https://qgithub.com/alexdobin/STAR

Samtools: http://www.htslib.org/download/

HTSeq: htips.//htseq.readthedocs.io/en/release 0.10.0/

1. HIEIRAE
ARHRE LLRATT S5 % 2018 1) eLIFE 3C& (Epigenetic drift of H3K27me3 in aging
links glycolysis to healthy longevity in Drosophila) 173 B0 18 9 il iR 2 (Ma
2 2018).
I —HROK T X E S HI# 7T L% NCBI (SRA. GEO %), EMBL-EBI %4
TR AR KX R L6565 (raw data) 7] LU eLIFE X2 (Ma % 2018) 7
B

2. @i FastQC X & kA7 it &= pr Al
$ fastqc fTIfEEZ/fastge -t 4 -o HHiSCfF¥. Bl

FESCAF ] AR BB NS IR 45 2R, — N EERE S IR AT — D T
RZER . — OB EA W ITE R R ] FHE S A By i . (H B 2 hIE—
0T TR, i LART EOESE multiQC R A IS RERE B —BEH, MAMmL:
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$ multige HARICAFES

Bt G RGE RS, 2R WA 1 o

Sample Name
muscle-10_S10_L001_R2 001
muscle-10_S10_L002_R2_001
muscle-10_S10_L003_R2 001
muscle-10_S10_L004_R2_001
muscle-9_S9_L001_R2_001
muscle-9_S9_L002_R2_001
muscle-8_S9_L003_R2_001

muscle-9_S9_L004_R2_001

% Dups

34.5%
34.3%
35.5%
34.7%
35.1%
34.8%
35.7%

35.4%

B 1. MultiQC #4553

% GC

49%
9%
9%
49%
9%
49%
49%

49%

Length

147
147
147
147
147
147
147

147

M Seqs

26
25
26
26
26
26
27

26

Mean Quality Scores

. e ———————

S

A RS, MFPAsd Rfaw, WFRERE. Bk 7H multiQC &£ QC
g5 RUIAN, FATIEH 4 N fastqc_summary.py f1—A python BIAGBAFEA L
reads #(&, GC &&, Q20, Q30 ftbfl. MIAIE 2 fixs:
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re
zipfile

def zipReader(file):

qcfile zipfile.ZipFile(file)

data_txt = [file file gqcfile.namelist() re.match(".x7_dataflitxt", file)l[e]

data [bytes.decode(line) line qcfile.open(data_txt)]
data

def fastqc_summary(data):
module_num = @
bases = 0
Q20 = @
Q30 =0
line data:
re.match('Filename', line):
filename = line.split(sep="\t")I[1].strip()
re.match('Total Sequence', line):
read = line.split(sep="\t")[1].strip()
re.match('sGC', line):
GC = line.split(sep="\t")[1].strip()
re.match(" [~#] (.*?\t){6}", line):
bases - bases + 1
float(line.split("\t") [1]) 30:
Q20 = Q20 + 1
Q30 = Q30 + 1
float(line.split("\t")[1]) > 260:
Q20 - Q20 + 1

re.match(">>END", line) :
module_num = module_num + 1
module_num 2=

020 - Q20 / bases

Q30 - Q30 / bases

summary [filename, read, GC, str(Q20), str(Q30)]
summary

__name__ __main__"':
sys
arg range(1, len(sys.argv)):
data - zipReader(sys.argvlarg]l)
summary = fastqc_summary(data)
open('summary.txt', 'a') £
f.write('\t'.join(summary) '\n')

& 2. fastqc_summary.py 4 AN 2

XA HE R

) H python [ zipfile BEET T zip SCfF, 52H xx_data.txt FIEHE

) B AT IEEE, I IENRA B re, #REIHART.

) ARIE SRR R AT AT 0], BEATIRE.

) BT R FEFEF|>>Per base sequence quality pass iX—#84>, FTLAKE—

A~>>END_MODULE f#)it-#ds, #mEiil 2, ik,

w N -

4
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BATIAN:

$ python3 ./fastgc summary.py Hin X

SEATIR S — A txt S, 45 R 3 R

muscle-10_S10_L001_R2_001.fastq 2568029
muscle-10_S10_L002_R2_001.fastq 2516903
muscle-10_S10_L003_R2_001.fastq 2635442
muscle-10_S10_L004_R2_001.fastq 2554983

.9736842105263158
.9736842105263158
.9736842105263158
.9736842105263158
.9736842105263158
.9736842105263158
.9736842105263158
.9736842105263158

muscle-9_S9_L001_R2_001.fastq 2649132
muscle-9_S9_L002_R2_001.fastq 2589635
muscle-9_S9_L003_R2_001.fastq 2710788
muscle-9_S9_L004_R2_001.fastq 2624663

BRRPBRRRBR R
OO
OO0

& 3. W Q30 &%

S5 R Q20 F¥R1E 1.0, Q30 F8HR7E 0.97, AT LLULI 7 it SR 4 1!
3. XN S REAT B
3.1 flexbar
TE FE X SO 2 1 75 i e 2 Jo 4 adapter, 153424 adapter [f] fastq 0. 3%
TR flexbar 27, @17 0T

$ FLEXBAR -t HH X% -gf i1.8 -r BIAVAF -a Adapters.fa

3.2 STAR
AT trimmed #dif5, ME5SE BT HON . HBTRZ AR B EEX %
H1R%, i Bowtie2, BWA, TopHat, HISAT2 il STAR 2525, RA1S%HIH
JE454 16 (Sahraeian %, 2017) b#E ) STAR #E4TEEXT .
7 T STAR W16 5 i BRI E . G 1EH T B 775 T 4 B FEH
moE & X @& N TopHat # 7 K X, B = #F
https://www.jianshu.com/p/0abf87b3aca0 H 17t 1E. UIRERBIZE D IIHF
(R 21455) ] LUEH A s i STAR (M 192 id K B i & -
MacBook Pro, 2.3GHz Intel Core i5 474%, 8GB /A7)
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i STAR, EEFENSHERARE LRI, ST

$ STAR --runThreadN # & #{ --runMode genomeGenerate
--genomeDir HISHZ KK HF --genomeFastaFiles &% K401
fastqg X --s3dbGTFfile ZHERIAN gtf X --sjdbOverhang
£-GIR N

FESLAF AR ST DA BE AT LU T, HEXF e R

$ STAR --genomeDir FISHIENM HFE --readFilesIn #i AN X
--runThreadN ZEFEEL --outSAMtype SAM --outFileNamePrefix i
SR AT

STAR 1745 5 &4 i— log.final.out SCAF, $TFH1Z 3044 7] LAE 21 Be e 2 1R
AT o 1] 4 & AT protocol H 31 75 1 it B ELxS 45 2R 5 57 B X R 4E 92.9%

YOI LERT 25 AR GF, FEAAH SR, ARG .

V. — A, uniquely mapped reads %7 90% LA FL A 9 FE AL RAF, %
HITH WIRIEXT LI T T0%, B HEXT . A LRI N IR
HEXT L5, 1R A E 7R (A1 F IR e 10X, S r] LLFEE
JH): WIERAGHE LR, Wi BT HE s AR o XS TR 22 s AT HEAE TR
TIERBIH LY, AL BN THT XS EYH 1 — PN IR AR IE 7 o
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Number of input reads | 2550987
Average input read length | 146
UNIQUE READS:
Uniquely mapped reads number | 2371639
Uniquely mapped reads % | 92.97%
Average mapped length | 145.78
Number of splices: Total | 562511
Number of splices: Annotated (sjdb) | 554112
Number of splices: GT/AG | 556185
Number of splices: GC/AG | 3886
Number of splices: AT/AC | 134
Number of splices: Non-canonical | 2306
Mismatch rate per base, %
Deletion rate per base
Deletion average length
Insertion rate per base
Insertion average length
MULTI-MAPPING READS:
Number of reads mapped to multiple loci |
% of reads mapped to multiple loci |
Number of reads mapped to too many loci |
% of reads mapped to too many loci |
UNMAPPED READS:
% of reads unmapped: too many mismatches |
% of reads unmapped: too short |
% of reads unmapped: other |
CHIMERIC READS:

Number of chimeric reads |
% of chimeric reads |

& 4. STAR LY 45 R

3.3 Samtools
JF: Samtools HIfE/H 22N T4 ET LIAE igv T EJHIEHT bw XfF, Ja4E
htseq-count ] LI L8 77245 4.
f£ STAR 1, "B A DL sam A% bam SCHIF#HATHER ). AT
JE BRSO, FATT2 RN samtools BEATIX —#R1E
FATE S samtools # STAR HLX 5 42 eH) sam SCAF# i pk bam SCPF, i
AR
$ SAMTOOL view -b -S fiiA sam Xff -o fith bam 3Cff
7% : Samtools HIFI/RA CL i LI E AN HHAT sam X fF2{7 Samtools
sort 1911/ 7 HRIE -

SRIRRTERAFIN) bam SCAFBEATHE, @l

$ SAMTOOL sort -o H#iHHETE XM %A bam X1

G, BATHCEHFH) bam SCHEAE R index, AR

Copyright © 2019 The Authors; exclusive licensee Bio-protocol LLC. 7
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3.4

$ SAMTOOL index fjH S0

X RIS bam SCEFRT DLEHRAE igv kAT l AL S oAb Ak

HTseq

£ RNA-seq ', AT OHZER K HRIEE, PR8I HTseq 7273k
RN ERI reads %, dEId reads FnT LLEEAT IS 1) 2 R RIS AT, 4R
s e @ 75 2L, AL LAl I cufflinks S812 ik #5115 TPM, RPKM 5317 T il 7>
Mo i HTseq KT 42

$ htseg-count # AN WX F M sam XX 6TF & % X -m
intersection-strict -s no > fiit} counts XM

: X HIGA NI STAR HEXTHi 9 sam ZfF. Xf T XK /77 & U T A T/ 7
/7 sam/bam X 14 (htseq-count 115 7 HE/F mr S, iF 1EFiE 7 A G A
htseq-count -h Zr i/ K EHT 7772) . Xf T B3 /7175 2 il LLZHE .

4. FERKIKI
HTseq M SCHFATLAE#: 5 R U DESeq2 xf#:, RE|EREE»EE. ¥ R
W TAEM U E 25 HTseq %t H counts XA, @47 M A (& 5):

Copyright © 2019 The Authors; exclusive licensee Bio-protocol LLC. 8
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library("DESeq2")

sampleTable-data. frame(
sampleName = c("3d_c1","3d_c2","3d_c3","3d_c4",
"3d_e1" : ||3d_e2|| ) "3d_e3" "3d_E4" ) .
fileName = c("C1.counts","C2.counts","C3.counts","C4.counts",
"El.counts","E2.counts","E3.counts","E4.counts"),
condition = c("3d_control","3d_control","3d_control”,"3d_control",
"3d_exprement","3d_exprement","3d_exprement","3d_exprement"))

ddsHTSeq DESegDataSetFromHTSeqCount(sampleTable=sampleTable,
directory=".",
design-~condition)

keep rowSums (counts (ddsHTSeq) ) 10
ddsHTSeql ddsHTSeq [keep, ]

dds DESeq(ddsHTSeq1)
res results(dds, contrast=c("condition","3d_exprement","3d_control"))

write.csv(as.data.frame(res), file="3d_control_vs_3d_exprement.csv")

nc = counts(dds,normalized=TRUE)

dt = data.frame("id"=rownames(nc),nc)

write.table(dt, file="norm-matrix-deseq2.txt", sep="\t", how.name FALSE, col.names=TRUE,quote=FALSE)

rld<-rlog(dds)
plotPCA(rld)

& 5. DESeq2 R FRIE7HT R A

IBAT A G A TR] LIRS — AN 5 RIK 3R A%, ArdEAL 11X counts RIATHFE, DAL

—3k PCA & (K 6).

group
. 3d_control
®  3_exprement

PC2: 2% varlance
=

- 2 0 : i
PC1: 92% variance

& 6. PCA &

5. N

FIHATCNIE, HATCLIRS T LA I 2 7 RE IR . AR HIRET R
&V ERRIEERL P AE. ARFIEEFEE, 5 AT PSR A BE AT T
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