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NGS Service

DNA ChIP-Seq

= DNA Methylation = DNA-Protein » Whole Exome
Profiling Interactions Sequencing

= Epigenome =4 = Histone modifications = SNP. CNV, Mutation

=~ 2ug gDNA = ~20u¢ IP-DNA =~ 2ug gDNA

total RNA QuantSeq . Bacteria
RNA  EFye ImRNASeq VSRl 1 RNA-Seg

= mMRNA-Seq =492| = Gene Bpression, = mRNA Bxpression » micoRNA Bxpression = Gene Expression
IncRNa 241 Isoform, GO/Pattway  Profiing ~ Profiing Profiing
= Whole Transariptome = Splicing, Gene Fusion = Low Quantty & Qualty » Tyget Gene £419| = GO/Pathway/Network

« ~ 2ugtotl RNA = ~ 2ugtotal RNA _f'\'z’:;ﬁlf::i”% « ~ 2ugtoEl RNA = ~ 2ugtotal RNA
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RNA-Seq Process obe

Sample Preparation Sequencing Data Analysis

Sample Prep & QC Cluster Generation & Sequencing Genome Mopplng & Anolys1s
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RNA Sample Preparation 60

* TriZol O|& Al 94E= RNAY (tissue Img, cultured cell *106%)
Liver and spleen, 6-10 Ug
Kidney, 3-4 ug
Skeletal muscles and brain, 1-1.5 g
Placentq, 1-4 Ug
Epithelial cells (1 x 106 cultured cells), 8-15 ug
Fibroblasts, (1 x 106 cultured cells) 5-7 ug
« RNA Ed
> Total RNA Bd= TriZol A2 BZ& HHO 2 AT HLLE FELR i
> Eg &= RNALE Rnase free waterL] DEPC DW9|| 50| WsHI(-70% O|3))
« RNA QC
» Spectrophotometer : OD260/0OD280O'M"
» Denaturing agarose gel electrophoresis
> RNA9Q Y(5T)ef YT O
«  500pg ~ 2ugtotal RNA for RNA-seq
* Sample to Data : RNA QC ¥ 3~4 weeks

YV V V V V V
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RNA Quality Control
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Sample ug/pl ODyenposn | ODognioan Ratio(28s/18s) RIN
Sample 1 0.1898 1.72 1.10 0.0 2.3
Sample 2 0.1842 1.79 1.08 1.9 9.8
Sample 3 0.6542 1.89 1.31 1.8 9.5
Sample 4 0.3111 1.77 1.28 1.8 9.6
Sample 5 0.2822 1.74 1.16 1.8 9.8
Sample 6 0.2351 1.83 1.03 2.1 8.9
Sample 7 0.0356 2.01 1.27 0.6 7.7
Sample 8 0.1356 2.01 1.53 1.7 9.2
Sample 9 0.0721 2.02 1.78 1.8 9.8
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Poly(A) RNA Selection Kit

POLY(A) SELECTION @ 70 min @ 20 min
( ™\
Aliunt and Wash Reads Total RNA
5 5 ¥
l I
Denature RNA 2 % . .
l 5 3 5 WP
Hybridize poly(A) RNA
3
5'_AAMA
¥ biiiid G P
Poly(A) RNA Enrichment - 15 3
R e
5 e AMMA T
Elute poly(A) RNA
e ————a ]
o =y

Figure 1 | Schematic overview of the Poly(AR) RNA Selection.

v" Highly specific poly(A) enrichment

v Magnetic bead-based purification

v Various downstream applications such as RNA-Seq

www.e-biogen.com
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Total RNA

l

rRNA depletion
AP
TS P
AT AV W W
RMNA
Lot 5 3
g SMART Stranded
SMARTer Stranded MNE Primer
Oligo . .
First-strand synthesis
and tailing by AT

fﬂjﬂ 5

9 iﬂ(ﬂi
Template switching
and extension by AT
Universal Forward
PCR Primer
— ﬁﬂi 5-
5 *
- :ﬂ(ﬂ —— Rewverse PCR

Indexing Primer

Amplify cDNA by PCR
with llumina Indexing
Primer Set

Read 1— RMA-Seq library

“ Read 2

www.e-biogen.com
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Superior performance : Get uniform transcriptome
coverage, high reproducibility, and high correlation across
a broad input range (100 ng — 100 pg RNA)

99% accurate strand identification : Determine every
transcript’s strand of origin

Simplified workflow : Produce an lllumina®-ready library in
less than 4 hours

Versatile kit : Suitable for eukaryotic and prokaryotic

samples, and for coding and noncoding RNA-Seq

NGS & Microarray



SMARTer® Stranded RNA-Seq 7

E Reads from both strands E Reads from each strand

are indistinguishable are distinguished

v Y

lsa w . a A w hh.‘l_ v

A B I

—H-1-— ——H- 1 —
PHC1 - PHC1
) ———fF—f—————=n
MGPR MEFR
R R e e S .|
MG&PR MEPR

Capturing strand-specific information allows you to assign RNA-Seq reads to the correct strand of DNA.

Panel A. Non-stranded RNA-seq cannot distinguish the reads from RNA transcribed from different strands of the

same genomic sequence. Panel B. The SMARTer Stranded RNA-Seq Kit produces libraries that can be assigned to

a strand with >99% accuracy. Short, overlapping sequences that originate from different DNA strands are distinguished
from each other, enabling quantitative expression analysis and accurate genome annotation.

www.e-biogen.com 9 NGS & Microarray



Sequencing

Run Format Read Length # of Reads

1 x 50bp

Single End
1 x 100bp

~150 million/lane

ot 4

High-Quality Output (Gb)

/lane
7.5 Gh
15Gb

/FlowCell
135-150 Gb
270-300 Gb

2 x 50bp
2 x 100bp

Paired End ~300 million/lane

15 Gb
30 Gb

270-300 Gb
540-600 Gb

7. DETERMINE FIRST BASE
1. PREPARE GENOMIC DNA SAMPLE

2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

[llumina HiSeq-2000/2500
[llumina NextSeq 500

" N i
\ _f‘n ;}
L
P

"& H
iy

#

7 % 1
&z

f#' R® L

Rendomly fragment genomic DNA

First chemistry cyde: tointiate the fist

'#\ }EI:I,/

8. IMAGE FIRST BASE

After laser exditation, capture the image of

sequending cyde, sdd ol
terminators, primers and DNA polymerase
enzyme to the flow cell

Bind single-stranded fragments randomly to
the inside surface of the flow cell channels.

Add unisbeled nudeotides and enzyme to
initiste solid-phase bridge amplificstion.

and Bgste adapters to both ends of the
Fagments.

4. FRAGMENTS BECOME DOUBLE
STRANDED

5. DENATURE THE DOUBLE-STRANDED
MOLECULES

6. COMPLETE AMPLIFICATION

10. IMAGE SECOND CHEMISTRY CYCLE

I : g
1 : 1
Fnl i N el B ‘lll ”l&i /
e i l(}\' L o
1! 1 i
The enzyme & to ion leaves single-stranded Several million dense dusters of double-

buid double-stranded bridges on the sokid- After Iaser excita

phase substrate.

templates anchored to the substrate. stranded DNA are generated in each channel

of the flow cell. s before. Record the identity of the second

base for each duster.

www.e-biogen.com 10

flow cell. Record the identty of the first base
for each duster.

11. SEQUENCE READS OVER MULTPLE
CHEMISTRY CYCLES

a
®
®

° —
LY

6 6

\_, GCTGA..

tion, collect the image data  Repeat cycles of sequencing to determine
the sequence of bases in 2 given fragment
& single base at time.

9. DETERMINE SECOND BASE

|l|‘ \ “ |n‘nl'
\ II

‘IUSH !xmln

e

Laser

Second chemistry cyde: to initiate the
next sequencing cyde, sdd all four labeled
reversible terminstors and enzyme to the
flow cell.

12. ALIGN DATA

T
[GRIGATGTGECGICTCACTCCOGTCS

ACICCIGIGG
CTCACTCCIGIGG
—sgeronoTocchacica
STGCCACCICACIC

as
GeGees

Prosep e e

Align data, compare to & reference, and
identify sequence differences.
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Work Flow of Data Analysis 060

NGS {,

Summary and Visualization

ExDEGA, DAVID, GSEA

1 RNA abundance

Expression Analysis Differential Expression
EdgeR / Cufflinks

Mapping
Genome Mapping
il TopHat

Quality Control Reports
Data

Preprocessing

Other Data Analysis Tools for Data Processing, Mining, Visualization : MISO, Quick GO, ClueGO, CytoScape,
DAVID, GSEA, UCSC Genome, IGV, IPA, Others

www.e-biogen.com 11 NGS & Microarray



Sequencing Data QC o690

FastQ O 219A X position?] base?| Li?t quality %t FH2 HO 5

Summary

D Basic statistics @Per base sequence quality
@Per base sequence quality Quality scores across all bases (Sanger /Illumina 1.9 encoding)
40
@Per tile sequence quality - QTTTTTTTTTTTTTTTQQQQQQQ
@Per sequence quality scores 36 lllllll
@Per base sequence content 3
— 32
¢}/ Per sequence GC content 20
@Per base N content 28
26
@59quence Length Distribution o4
@Sequence Duplication Levels 29
@Dverrepresented sequences <0
18
@Ada ter Content
16
@Kmer Content 14
12
10
8
6
4
2z
0

123456789 1415 22-23 30-31 38-39 46-47 54-55 62-63 7FO-71  78-79  86-87 94-95
Position in read (bp)
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Mapped == = =
sequenced =
reads =000 mmeeceeeeeaa.. _ - '
Genome === '_: ' '_:_' - e -
Reference : :
annotation
\J
Faux
reads
Ay — > E— L
Morgeand I - —
filter
v .
Reference annotation ——»— )
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Genome Browser - IGV

IGV R
File Genomes View Tracks Regions Tools GenomeSpace Help
Human hgl9 v ||chr12 v ||chr12:6,643,541 6,647,654 Go £t « @ [ & | i =
-
I I |
pl3.32 pl3.2 plz.3 plz.l  pll2Z  plLl ql2 ql3.11  q13.13 ql4.l ql4.3 211 q2LZ q21.31 q21.33 q23.1 4233 qz412 q24.22 q24.31 qz4.33
4,109 bp
6,644,000 bp 6,645,000 bp 6,646,000 bp 6,647,000 bp
| | | | | =
|
[0 - 24563] -
Apobecl.bam Coverage =
| | . =
[ | | | I | [ B | | I
| | i
| L | 1 | | | | |
| J | I | | I
| Il | a4 |
4 | | |1 [
| | [ | { | | [
4 | a =B I aE | |
| [ S| | | | |
|| il ] | | |
| | | |
| - | | | | |
| II | || K Il
| Il | |
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pehectham | | | | | |
| | | |
| | |
| 1l I | e |
| | | | |
| | I |
[ | | | | |
| - = | | 4
| | I |
| | |
[ | ] | | |
| n | | \
[ n | | |
| | | | =
- - 1 1 1 B
—— - - T e— =
RefSeq Genes e =i
GAPDH GAPDH
—
14 tracks loaded : 313M of 1,488M
Terminal = BF RN - 22:08 O
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EXDEGA

ExDEGA : Excel based
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EXDEGA 2
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EXDEGA

A11637 ¥
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Clustering & Classification

Hierarchical Clustering (HCL)
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Principal Component Analysis (PCA)
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Additional Data Analysis

GO & Pathway

QuickGO

A fast browser for Gene Ontology terms and annotations.
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Gene Set Enrichment
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Gene Ontology & Pathway

Quick GO DBE 9|43 Gene Ontology 24

= QuickGO
Help
Reference
FAQs
Video tutornials
Downloads
geneontology.org
UniProt-GOA project
Web Services
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EBl > Databases > QuickGO
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Gene Set Enrichment Analysis
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Network Analysis (Cytoscape / IPA) 060

PPI(String) GO network (ClueGO) Pathway network (ClueGO)
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Alternative Splicing Events

MISO (Mixture of Isoforms) : Probabilistic analysis and design
of RNA-Seq experiments for identifying isoform regulation

J
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Other Analysis Support Q09

Gene search (GeneCards) Relevant diseases search (FunDO)
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Data Visualization

A)

Table 2 t2.1
Most highly represented KEGG classifications in up- and down-regulated transcripts.

t2.2

Up-regulated gene (1300) Down-regulated genes t2.3

Classification # % Classification # 0% 2.4
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Paper Support 5
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QuantSeqg 3’ mRNA-Seq(L.exogen) 000

For only Expression Profiling

LJANT
“SEQ
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MRNA-Seq vs QuantSeq

Whole Transcriptome Library
for Expression Profiling

Assembly, and RPKM

Many reads for 1 transcript are needed

www.e-biogen.com
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Q9

Expression Profiling Library

for Expression Profiling

Only 1 read for 1 transcript is needed
If we can sequence the same positions of all
different transcripts.

NGS & Microarray



Expression Profiling Library 000

* Normally 1/4 of sequence read is needed.

* Higher number of multiplexing is possible.
* Significantly less amount of computational
resources are required.

« Still the question remains :
Which position of the transcripts to sequence?
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3 types of QuantSeq @09

* QuantSeq 3 mRNA-Seq Library prep kit
* QuantSeq 5 mRNA-Seq Library prep kit
* QuantSeqg-Flex Targeted mRNA-Seq Library prep kit

] e — [=——— ]
QuantSeq-Flex QuantSeq 3
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Library Generation (QuantSeq 3)

www.e-biogen.com
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Data Analysis — IGV
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Advantages of QuantSeq obe

* High number of multiplexing (up to 48 samples)

* No need for length normalization

* Easy protocol and automation-friendly

« Massive screening of diverse samples with high
(around 6-order of magnitude) dynamic range for
detection is possible.

75 or 50bp SR is enough for the data analysis.

* Significant reduction of cost

» Degraded sample could be done.

* Wide Input range, from 100pg ~ 2ug of total RNA
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Validation by gRT-PCR

DEGs selection in mRNA-seq

@ 9
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Validation by gRT-PCR °6e

Selection of Primer region
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Validation by gRT-PCR o

Primer design

Extracted sequence

MAFB
FULL sequence TCCTCTAAATAAACACCATTTCCATGGTTTTAATAAGCAAAATAGGAAACCATTTTAATAACCAAAAAACAGAAACCAGTCTGAATAAAACTACAATAGACTAGGTTTTAATATTTTCATATC
Expected sequence GCCGATGAGCGCTTCCACCGCGTCCTCGGGCGTCAGGTTGAGCGCCTCGGGGTTCATCTGCTGGTAGTTGCTCGCCATCCAGTACAGATCCTCGAGGTGTGTCTTCTGTTICGGT

TG TCCTTCCT TCT T TCGCTCAGCCTCGCCTCTCGCCTGCCGE GACGCCAGAGTCCCTCTCCTTTCCTCGTTGCTCTCTTCCTG G
GCGGACTACTCTCCGGGCAGCAAAGCAGCTGTCCCGGCTTAACGCGCAAAGTTCAGAAAGCCAGGAGTCTCCAGATGGCCTTG
GTGACTTCTCG GGACTATGCCTCGCCGCCCTTCAGCCTGGAGAGAAGTTACTCCGGGACCTCCCACCCTCTCGTCTCTCTCTCCG
GCTCTGCTCGAGTCTAGGAGGCGGUGCTGGCG TECGCTACTCTCGCCTTAGCCAAGG TCCCCTGCCCGCCCGCGCACCCGLCCG
TCGCCCGCGGCCCGCGUGLCCTTCCTCCCTCTCGCTCAAGTCAAACAGGTCAAGGCTGGGGCCGCGGCAGGGACAGGGTCCG
GGGTAGTCTGGGACTAGGGACGTEGGACAGGGAGTCCGGGCCGGEGCAAGGGCGGGGGLCAGGACCGGCCACGACTCACA
GAAAGAACTCGGGAGAGGAGGGGCTGTCGCTGGTGGAGCCCGLCTCCCTGAAGCCGGAGTTGGLGAGTTTCTCGCACTIGAC
CTTGTAGGCGTCTCTCTCGCGGGCCAGCCGGGACACCTCCTGCTTAAGCTGCTCCACCTGCTGAATGAGCTGCGTCTTCTCATTCT
CCAGGTGGTGCTTCTGCTGGACGCGTTTATACCTGCAAGACTGGGCGTAGCCCCEGTTCTTCAGGGTCCGCCGCTTCTGCTTCAG
GCGGATCACCTCGTCCTTGGTGAAGCCCCG CAGGTGGCGGTTCAGCTCGCGCACGGACATGGACACGAGCTGGETCGTCGGAGA
AGCGGTCCTCCACGCTGCCGTTEGCCGCCCGLCGCCGTCGCCGAGGCCGTCGCGTGCGGLCCGGGLCCGGGEGTGGLTAGTGGE
CAGCTGTTGCGCCGGGCTAGCGGCGCTEGACGGCGGCGGLGACGCTTGGETGATGATGGTGATGGTECGGGTGAGCGTGCGGG
CCCAGCTCGTCGTEGGCCACGCCGECGECCCGGGTACGCGTGGTGLGGG TGAGGGTGGTGG TGATGGTGGTGGTGG TGAGLGCC
GCGAAAGCTGTCGAAGCTTTGCAGCGGCTGTGGCACTGGGTGCGAGCCGATGAGCGCTTCCACCGCGTCCTCGG GLGTCAGGT
TGAGCGCCTCGGGGTTCATCTGCTGGTAGT TG CTCGCCATCCAGTACAGATCCTCGAGGTGTGTCTTCTGTICGGTCGGGITGAA
GCTGGGLGACGAGGGCACGGAGCTACACGGAGTGCTGAGCGGTGTGGAGGA CACCGAGCCGGCTGGCTGCAGGCGTGTGCA
GGGCCTGCCCGGACGCTCCGUGCGCCCCAGTGGCTCCTTCTTCACGTCGAACT TGAG CAGGTCGAAGTCGTTGACATACTCCAT
GGCCAGCGGEGCTEETGEGE CAGCTCTGGCCCCATGCTCAGCTCCGCGGCCATCGCTGAAGCGAGGCGCAGCCGLCGCTGCCGL
CCGGGAAACTTTGCGGLCGECCGGAGIGLGLCGAGCCAAGCGLGGEGGEGEGAAGAGLGGAGAAGAGCTGGGGAGGCGGGEG
AGCGAGGGCGCAGCGGGLCGGEGLCGCCGGCCAAGCCTTTIGTCTGGGGACGCGGLGGLGCGLCGGAGAGTCCCGAGGCTG
CCTGCACCGCCCCAGAGCTCTGGGCTGTGCCCGCG CAGGGACCGGEGLCGGGETAGAGTCGGGLGGEGGTGGAGAGGCAAGCGEG
AGCGCGCGETEEGEGCTGAGGGGAGGLGTGGEECGAGTGCCCGTTGCTCGCTCTCTAGCTCTCTTGCTCTTACGCTCTCTCGCTC
GCAGCCGCTCGCAGCTCGGCGG TG CAGCTETGCTG
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Validation by gRT-PCR 060

nnnnn : Gene NGS gqRT-PCR
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Public DB obe

https://www.nature.com/sdata/policies/repositories
Scientific Data >> Recommended Data Repositories

View data repositories

Biological sciences:
nucleic acid sequence; protein sequence; molecular & supramolecular structure; neuroscience;
omics; taxonomy & species diversity; mathematical & modelling resources; cytometry &
immunology; organism-focused resources

Health sciences

Chemistry & chemical biology

Earth and environmental sciences

Physics, astrophysics & astronomy

Social sciences

Generalist repositories

Other repositories

https://www.ncbi.nlm.nih.gov/geo/

Gene Expression Omnibus

GEO is a public functional genomics data repository supporting MIAME-compliant data submissions. Array-
and sequence-based data are accepted. Tools are provided to help users query and download experiments and
curated gene expression profiles
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https://www.ncbi.nlm.nih.gov/geo/
https://www.nature.com/sdata/policies/repositories#life
https://www.nature.com/sdata/policies/repositories#nuc
https://www.nature.com/sdata/policies/repositories#prot
https://www.nature.com/sdata/policies/repositories#molec
https://www.nature.com/sdata/policies/repositories#neurosci
https://www.nature.com/sdata/policies/repositories#omics
https://www.nature.com/sdata/policies/repositories#tax
https://www.nature.com/sdata/policies/repositories#models
http://www.nature.com/sdata/policies/repositories#cytometry
https://www.nature.com/sdata/policies/repositories#other-life
https://www.nature.com/sdata/policies/repositories#healthsci
https://www.nature.com/sdata/policies/repositories#chem
https://www.nature.com/sdata/policies/repositories#envgeo
https://www.nature.com/sdata/policies/repositories#physics
https://www.nature.com/sdata/policies/repositories#social
https://www.nature.com/sdata/policies/repositories#general
https://www.nature.com/sdata/policies/repositories#other
https://www.ncbi.nlm.nih.gov/geo/

Public DB & Analysis Tools

Gene Set Enrichment Analysis
- https://david.ncifcrf.gov/
- http://software.broadinstitute.org/gsea/msiqgdb/index.jsp

Gene Search & ID Conversion
- https://www.ncbi.nlm.nih.gov/gene

- https://david.ncifcrf.gov/

- http://www.uniprot.org/uploadlists/

- http://www.genecards.org/

Gene Ontology & Pathway

- https://www.ebi.ac.uk/QuickGO/

- http://www.genome.jp/keqgag/tool/map pathway?2.html
- http://pantherdb.org/

Genomic Data Analysis

- https://www.bioconductor.org/
- http://apps.cytoscape.org/

- mev.tm4.org/

Other web based DB & tools

- http://bioinformatics.psb.ugent.be/webtools/\enn/

- http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
- http://www.mirbase.org/
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https://david.ncifcrf.gov/
http://software.broadinstitute.org/gsea/msigdb/index.jsp
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
http://www.uniprot.org/uploadlists/
http://www.genecards.org/
https://david.ncifcrf.gov/
http://www.genome.jp/kegg/tool/map_pathway2.html
http://pantherdb.org/
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
http://www.mirbase.org/
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