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. What & why RNAseq

™ . L T -

(1) What is RNA-seq
Whole transcriptome sequencing ( £5FRENFF )

Uses next-generation sequencing (NGS) to reveal the presence and

guantity of RNA in a biological sample at a given moment in time

((EHEEENFRARENEEREMHFRTAEIRNARIAE )

(2) Why RNA-seq
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- Core technology of NGSseguencing ;- 7=/

Optical amplification system (GEFBRKRSE)




1 Genomic DNA | - . e .

2 Fragmented DNA - - - - e
3 Adaptor ligation == . . - EEeEaes e S

4 Amplification
Native DNA Q 'ﬂ Q
I

TR R B N
4‘ |
5 Detection Cycle 1 Cycle 2 Cycle 3 Cycle 4

3. GACTAGATCCGAGCGTGA .5
. = .

, B
5. GA ..
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.- \Next generation sequenci
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The principle of illumina sequencing

MFpRE: L& F




% -
o E o .. Ml - ¥ TR L]

#

.- Basic fite format

wi Tfs %
i L ..I. - = " .r '.'I.'I.

(1) FASTA

>g1|13650073|gb|AF349571.1| Homo sapiens hemoglobin alpha-1 globin chain (H
BA1) mRNA, complete cds
CCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGACGACAAGACCAACGTCAAGGCCGCCTGG
GGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCA
CCACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAA
GGTGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGC
GACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGA
CCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTC
TGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTTG

G

A adenosine C cytidine G guanine

T thymidine N A/G/C/T (any) U uridine

K G/T (keto) S G/C (strong) Y T/C (pyrimidine)
M A/C (amino) W A/T (weak) R G/A (purine)

B G/T/C D G/A/T H A/C/T

vV G/C/A — gap of indeterminate length
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(2) FASTQ
@ST-E00126:128:HIFLHCCXX:2:1101:7405:1133

TTGCAAAAAATTTCTCTCATTCTGTAGGTTGCCTGTTCACTCTGATGATAGTTTGTTTTGG
+

FFKKKFKKFKF<KK<F, AFKKKKK7FFK77<FKK, <F7K, , 7AF<FF7FKK7AA, 7<FA, ,

FUTREAT T 50 7 1) AL b 3545 B

@ST-E00126:128:HIFLHCCXX:2:1101:7405:1133

G FaMARIC RS
ST-E00126:128:HIFLHCCXX MIFE{NHE—RIEER[F
2 lanefm=

1101 tailf&4r
7405 EtailhrIX4 4R
1133 EtaildhryY44R

F2ATMFER N FHEL, HATCGNARE R
FHITLL IR, EERING R

BT R ERER, 5T P HE ——X R, HPRE— 55X M ASCIME
i yphred d, AT LA SRR AR g0k A B B R T AR, RO T I e 1) Joit e
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(1) SAM

3418406-1 272 chrl 10549 1 52M x ©@ @  TGTGCAGAGGAGAACGCAGCTCCGCCCTCGCGGTGCTCTCCGGGTCTGTGCA
ITTTIITITITITITTITITITITITITIITITIIIIIITITITITIITIITITITIINIIIIT AS:i:=12 XN:i:0 XM:1i:2 X0:1:0 XG:1i:0

£i:2 MD:Z:11C39T90 YI:Z:ul NH:1i:3 CC:Z:chr120NCP: 1295023 HI:i:0

SAMSE F7- #I| EEXS s bR e, BATABA 0 EIRT o B T -l 7 17 H1l mapping 213 DX 25 (1 25 2R

#E—7%: read name

% %1: sum of flags, -\ MlaghEi7kFE R~

% =7%: RNAMLLXT RS P00 L fh S . A JoiEbexs, NiE*
HVU%1: position, readttXIEIZFH P b, IR R E
F 15 Mapping quality, X B R =9 4L

SE75N%: CIGARME, readEbxt i) ELAAR R

F-E%]: MRNM(chr)

% )\%1: mate position, matelt X} IS F 4] F RS — MEEZEN &
L7 ISIZE, Inferred fragment size.

$E+%]: Sequence, HifEreadPHIEFF)

#+—%]: ASCll, readfi EHIASCILRAT

F+ %2 J5: Optional fields, 1% X 1
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NG5S sequencing applicatio
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RNA-seq analysis of 0-2h development in D. melanogaster embryos

0-2h 4-8h

W1118 (Wild Type) No Replicate No Replicate

miR-X Knock out Replicatel Replicatel
(Heterozygous mutants)

Replicate2 Replicate2

(1) Differential expression gene ( S kERFIAER )
(2)Gene Ontology analysis

(3)Target Scan analysis

-



(1) Trim the raw data ( J?!Zé?éﬁ)ﬁ QH18 )

all bases (Sanger / lllumina 1.9 encoding)

i

123456789 14-15 22-23 30-31 38-39 46-47 54-55 62-63 70-71 78-79 B86-87 94-95 100
Pasition in read (bp)

trim_galore --length 30 -0 ./ $segData.fastq ## use trim_galore
Remove: low quality; short reads; adapter
fastx_trimmer -f 6 -1 90 -i segData.fastq -o seqgData.trim.fastq

Remove: low quality base

fastqgc

trim_galore

fastx_toolkit
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(2) Mapping reads to refGenome ( ALY EE

X|2H )

tophat2 -p 10 $refGenome.fasta $segData.fastq —S $mapSeq.sam

‘‘‘‘‘

Bowtie2, Tophat2
Bwa, STAR

igv
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(3) Gene expression (FPKM , ITRERFRIAE)

cufflinks

Cufflinks : assemble transcripts, estimate the abundance of these transcripts

(4) Differential expression gene ( SHERFIAE

[X

Cuffdiff: Calculate gene expression differences

Fdr < 0.05 & fold change = 2
' tophat }

~ bowtie
Q/‘,% cufflinks

)

cuffdiff



¥ 1 '

'DNA sequencing a

= R . = L]
L - L] ' L ¥ i "'--r
. u

Color Key
d Histogr
n
.2
H
n

o ———.
-1 05 0 05 1
Row Z-Score

Volcano picture of DEG

EBgnomsore

cagnansacos '
e _ H H
Fabnareros 15- 2 2
fered ]
et i
- ]
E ] '
-
E i 0
it ' 1
1 1
1 1
' 1
- i 0
10 3 3
@ '
= i
S :
1 '
o i
= i
—— (=] i
=} i
: !
i
5- i o
= i vermiform(verm)
: -RNA(CR44850)
:. v 4 Osiris 15(0sil5)
bottleneck(bnk) Tropomyosin 2(Ti
i P
0 i 1
i
1 : 1 1
-10 0 10
log2 fold change

Fajagnaees



e

he Ontolegy_é nalysn';

LE 5

DESeq2 up NOIseq up

192

(38. 1%)

G0:0040003: chitin-based cuticle development

G0:0055002: striated muscle cell development DAVI D

G0:0060537: muscle tissue development

G0:0007498: mesoderm development
0

G0:0005200: structural constituent of cytoskeleton

G0:0008061: chitin binding

R-DME-1428517: The citric acid (TCA) cycle and respiratory electron transport

10 15 20
-log10(P)
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RNA-seq analysis of 0-2h development

w 0
5 #
r

|

. I

L] -

in D. melanogaster embryos

e e FLYBASE ID GENE

FBgn0036600 | CG13043 gene product from transcript CG13043-
RA(CG13043)

FBgn0037416 | Osiris 9(0si9)

86 FBgn0037414 | Osiris 7(0si7)

FBgn0000299 | Collagen type IV(Cg25C)

FBgn0031629 | C-type lectin 27kD(Clect27)

FBgn0032166 | CG4619 gene product from transcript CG4619-
RA(CG4619)

FBgn0015766 | CG10596 gene product from transcript CG10596-
RD(Msr-110)

FBgn0035077 | CG9083 gene product from transcript CG9083-
RB(CG9083)

FBgn0032538 | CG16885 gene product from transcript CG16885-
RA(CG16885)

FBgn0038294 | Myofilin(Mf)

TargetScan
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Base-resolution mapping reveals distinct m(1)A methylome in Zika & host

BRE 7 PR T R F A KFEEmIALL K

m'A m'A
—e. — —_—
Q) \5\993 A
A\ Misincorporation

3’ adaptor ligation

/.\/ Reverse transcription
%,

Me A

- 0,
Immunoprecipitated (v, g, A
m'A-containing fragments / ® Py —_—

(1) ChlP-seq call peak

(2) call SNP

Li X, Xiong X, Zhang M, et al. Molecular cell, 2017, 68(5): 993-1005. e9.

(-) demethylase

3.4x10°

Depth

(+) demethylase

3.4x10°

Depth

1,000

1,200

L)
1,600

T
1,400

T
1,600



(1) Quality assessment

(2) Reads mapping

MR766_VERO_1209_rep1

700

600

0 2000

MR766_C6_1209_rep1

8000

1500

1000
I

500

6000




(3) Call peaks ( Skpeak )
macs2 -t $IP.bam -c $input.bam -f BAM -g hs -n homo_peaks 2 ##use masc?2 call peaks
study genome-wide protein-DNA interactions; identifying transcript factor binding sites

Peak: the Regina with high reads coverage; statistical test (poisson's distribution)

Peak Model
—— forward tags |
<
o | —— reverse tags I'W
—— shifted tags ;|‘|
b
o 1
o
1
= )
(=]
©
# =
[0
e«
£ © |

0.1

-600 -400 -200 0 200 400 600

Distance to the middle
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:Annotate:

-

(3) Annotate peaks ( jE )

annotatePeaks.pl $peaks.bed hgl9 > $peak _anno.txt ## use homer annotate peaks

Annotate peaks base the annotation file (gtf/gff)

Number of peaks Log2 Enrichment

SUTR
Promoter

Intergenic

Intron

Exon

TTS

3UTR

3UTR TS Exon Intron ™ Intergenic Promoter = 5UTR
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(3) Motif predict ( Fllmotif )
meme $peak.fasta -dna -o ${output_file} ## use meme predict motif

Motif: protein banding short reads

statistical test; kmer

0-l I 1 1 LI
5 4 -3 -2 -1 mA



(1) Sort bam_file ( ¥ELRIEEERALR )

samtools sort -@ 10 IP.sam $IP.sam.sort ## use samtools sort

(2) Strand separate ( 93 1EfHE )
samtools view -@ 10 -F 20 -hb -o $IP.sort.fwd.bam $IP.sam.sort

samtools view -@ 10 -f 16 -F 4 -hb -0 $IP.sort.rvs.bam $IP.sam.sort

(3) Mpileup ( EEEREB MEEAILLXTER )

samtools mpileup -BQO -d 10000000 -o $IP.sam.sort.pileup.xls -f Zika FSS.fa $IP.sort.fwd.bam

.. (. AK L AMAMAM AMAK L AMAM AR AR AM L AMAM L AM AT AMAM,AK AM L AKLAM L AMAM L AM,AM L AM L AM L AM . AM, AM AMLAKLAM,AK J<JIF]13-JFFFIF<AJIF]711117133F]1111IF13]
JFAF-<3JJ-J3JJFAJFIFIF-1]1)F<<]JF]IIFFIFIIFFIIFIIFII-<IIAIIIIIII3II7]I-7FAII7-F7IFFF7FIAFIIII-FIIFIIIIIFFFII<IIII7-<-JFIF-11]<]IFFI<]7331IFAJII333333333333IIFAIIFI7IIFIIFIII<<IA-1]]
JJIIFI<IFIIIFFIII<AI7IIIIIFII-I7133IIFIIIIIFIIIFII7IAFIIIIIIIIF-IAII<FIFIIIFFIIIF-11II<IFFFIFIIIIIFIAIFIFII-7IFIIAFIIFIAIIIIIIIFIIIIIFFIA<-FFIJIIFIFIIIIIFIZIII]IIIIIIIAIFF<I<IF<FI]
FJF1-1<A1111113--11]F11JF1111-3FF]1-1111311JFIFFIFIFIF]IFIFF<F1<113171]]F1JA117]A1]IF]11]IFFF]I]1]]IF]]]1]-11137F1<11713-11]]]IFFFFIIIFFAIIIIIFIIFFIIIFI7AI]]1]]]]IFFFFIIIIIIFIF<FFFIAIF]
JJ1<-JF<JJJIF-FJ-11111333337113-3F1]11IFFIFIIIIFIFIIIIIFIIFIIIIIIFFI--11]<F--A7IF-33]]JAIIFIIIIIIIFFFIIIFFIFIIAIFFI<3]]]]1]]-IAFFIIAAT7]IFAI]-17F]-1<111113331171133FJF-1111]J]JAAYAF]
7JFIF]1IFF111131]1]-IFJAFFII<FFIF]IIF111113<IF11]-IFF71IFIIFI71]IAFIIFIFI]]-11IF11]-3F711IF<]]1]-F<1117]IFJA<IFAF]IF]-1117A)]<F]-JFA<AAJIIIIIFIFIIIAI<]]-FIF]]-1IFIIFFIAIIIIIIFFFIII7]-]




(3) Find mismatch in zika genome ( SHKEECA )

perl mismatch_derRNA_new.pl $IP.sam.sort.pileup.xIs ${file}.bwa.mismatch.xls

MR766_VERO_1209_rep1

1e+05 2e+05 3e+05 4e+05

Oe+00

L

3.4x10°

Depth

0 1000 2000 3000 4000 5000
MR766_C6_mismatch.lnput1_1209
o
= base colowr
1099 C->T 5165 C->T O~ @3 Bc Ao
= ACAGTCGACAT AGCAGCTAACT
8 4879 C->T
CTACGCGAGGT 9569 T->C
4927 T-3C GGTTGTTGAGG
L AACATTCAGC 6507 |A->G
GACAGAGAGGT pa08 C->T
2638 C->T 6655 T->C PCCAGCTGAAGL0331 T-C
s GGGATCTGTGG , .. , oL TCTTCTTeSTE GCTACTTGGGT
AGGGTAGTAGA l
o - 2l 1 u 1 s ll "
T T T T T T
o} 2000 4000 6000 8000 10000



I = =

2o Acknowledgemient T

INE AR R

RFIBE 22k

LA
FERIRA R E B S RATHIARLEAAT



