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Next-Generation Sequencing — NGS core facility, principles
of NGS platforms, applications, and experimental considerations
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Mei-Yeh Lu = 3= B
Associate Research Specialist,
High Throughput Genomics Core
Biodiversity Research Center, Academia Sinica

LSL, 2017/4/25

e RNA

Part Ill: Prep works

e Sample requirement and considerations
e Submission to NGS Core

Part IV: NGS Data & Resources

e Data types and QC

e Public resources




HT Genomics Core in Academia Sinica
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e 2008:Established for biofuel pi . Con 4

* 2013: Promoted as NGS servic : - f;“'@g

* Internal & collaborative projec: =
— Pathogenic bacteria i

Percen
588
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— Pathogenic/medicinal fungi - T —
— worms

— Insects

— Evo-devo: avian species Need

— C3/C4 plants Super

— Marine animals Sequencers!!

NGS Service at BRC core

e Current NGS lineup:
— 3 lllumina (HiSeg2500 *2, MiSeq)
— Roche 454 GS+
— PacBio Sequel

e SOPs: established for various NGS applications for both
sequencing platforms

* Provides consultation on:
— Project’s need
— suitable NGS experiment design
— Sample preparation
— Cost analysis
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Launching of the 3rd-Gen sequencing
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« NGS platforms and comparisons




Genome
e a full haploid set of chromosomes with all its gene;
the total genetic constitution of a cell or organism.
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* Nuclear chromosome Plastids:

* Plasmid (bacterial) * Mitochondrial
* Viral * Chloroplast

In general, genome size increases with
organism's complexity.
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DNA synthesis - polymerization

Phosphate groups

A DNA Synthesis! T 7\ Nucleotides

No DNA Synthesis
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Fluorescent Dye: Terminator Cycle Sequencing

KT CTCTCOOTCAGTCTOTOYSTKGOYCTTOYAGATCTOBTOGTOGTTCCO(

lh

Ambiguous base calls
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Genome Sequencing: DNA extraction
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Hierarchical cloning .. e LD

Clone into Vectors

BAC: 100-200kb OOO OOOOO O OQO

Transform bacteria, grow, isolate vector DNA

Fosmid: 30-40 kb O ) %

Sequence the library

Plasmid: 1-10kb Q- Q-Q_-Q_ Q_ Q_

Assemble contiguous fragments

+? »i ->? -bg-b%-b

L R G g S R I




Large scale Cappilary Sequencing

Library factory - Sequencing factory -
Whitehead Institute Sanger Institute
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Next generation Sequencing

* Improvements in:
— Enzymes
— Chemistry
— Image analysis
— increased sequencing capabilities.

e Potentials to dramatically accelerate biological and
biomedical research
— by enabling the comprehensive analysis of genomes,
transcriptomes and interactomes,

— by tending to become inexpensive, routine and
widespread, rather than requiring very costly production-
scale efforts.

From: Introduction to NGS.




NGS — massive parallel sequencing

Current Popular platforms:

e 2"d_Gen: clonal amplification
— Roche 454: GS FLX, , 454 Jr., 454 XL+, 454 Jr.
— lllumina: GA, Miseq, HiSeq, NovaSeq
— Life Technologies: SOLID, lon Torrent, lon Proton

» 3rd.Gen: single molecule sequencing
— Pacific Biosciences: PacBio RS I, Sequel
— Oxford Nanopore Technologies

15

Advances in Sequencing Technologies
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NanoPore
i Complete Genomics Minion ==

PacBio RS Novaseq




NGS Library Preparation Workflow

Fragmented DNA

ENNEENEENEEE SENEEEEE NUHOOOHEENEE
[ 2R 1 0 1 0 ]| OONODEEmER Hmm e e n
End Repair and dA Tailing l
EEEEEEEEE EEEEEEEEE A IEEEEEEEE A

A EEEEEEEEE A EEEEEEEEE A aEEEEEEEE

Ligase Adaptors J

& *

N o*
En EEEEEEEEEEEE ANE

oiE,) NNINENENENENE L L
** "

Forward Primer

PCR V- Reverse Primer
=l =f=]=] IE EEEEEEEER llIl-llll
BEEEB CEEEENEEEEENEEENEE N B

Barcode Barcode Y

Illumina/Solexa: Cyclic Reversible Terminator
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lllumina - Flow cell imaging

GA lIx HiSeq 2500 NextSeq 500
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454: emPCR & pyrosequencing

Roche (454) GSFLX Workflow:

Library construction Emulsion PCR

PTP loading
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454 flowgram and read length profile

GS FLX Data
Image Processing Overview

2. Eachwell's data

Example of a Flowgram
T Significantly more bases from Sanger-like reads
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Life Technologies — proton sensing

PGM" for genes. -
Proton fpr genomes. -L: ‘; g
Sequencing for all. — *
—_——— —
lon PGM™ Sequencer lon Proton™ Sequencer
;
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PacBio: 39-Gen SMRT Sequencing

» Single Molecular Real Time (SMRT) real-time technology

« ZMW (zero-mode waveguides), a 100-nm hole with
DNA/Polymerase complex immobilized at the bottom;
recording fluorescence released from P-dNTP upon
incorporation

Intensity

“‘C" pulse ﬁ
- -y : : Ve A S SAl

Emission

Excitation

Movie trace

24




Signal Processing and Base Calling

Converting pulses of light into DNA bases
and kinetic measures

Y T !

ol Accuracy: 85% (1X) to 99.99% (30X)

suomi ] > —— R ) Short consensus read
L‘.‘annnue?_gpneranorf
of reads per insert size 25
Key Feature: Kinetic Information
- 400
: -~ T
- g ; 300
acillh V4 % 2 200
R SHERS E} 'E“ 100
Bdue o vmwanf - ) )
O s 70 s 1o 1S5 10 @ 135 740 745
— Time (s)
e ] A
83
r § S_u.
AT
T c a A 35
LIl L LRI LL] Ini
1045 1050. 1055 ~ 1060 1065 1070 1075 1080 1085
Ay Time (s)

« Differentiation between modified and non-modified bases
— Epigenetics, DNA damage, New, novel modifications
 Direct observation (e.g. no bisulfite)
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NanoPore Sequencing Technology

vlv IONIC CURRENT

TT TTT

Chemistry
Chip format

Output/run

Read length

# Fragments
/lane

Data quality

Application

Il |
Roche 454

GS +
Pyrosequencing

Onne ==

500-850 Mb

400-1000 nt
1 M reads

> 99%;
homopolymeric
errors;

tolerate high GC%
De novo genome &
transcriptome;
Long amplicons

IHlumina

HiSeq 2500 (*2)

Illumina
MiSeq

Cyclic reversible terminator

HT mode: 1 Tb

Rapid mode: 150 Gb

PE 50-250 nt

150-180 M (Rapid)
200-250M (HT)

> 99.9%;

Tolerate
homopolymer;
sensitive to high GC
Highest throughput
De novo assembly;
Re-sequencing

up to 15 Gb

PE 50-300 nt
12-15 M (v2)
20-25M (v3)

> 99.9%;
Tolerate
homopolymer;

PacBio

Sequel
Real-time single
molecule polymerization

Current: 3-5 Gb
Future: 7-10 Gb
1-15 kb

350-500 K / SMRT cell

Raw ~ 85%;
CCS ~ 99.9%;
homopolymeric errors;

sensitive to high GC tolerate high GC%

De novo assembly;
Re-sequencing;
amplicon

Genome assembly;
structural variation;
phasing; Iso-Seq




Next-generation DNA sequencing

Sanger sequencing

DNA fragmentation
= = =

S, == == mm
5 [} ) —
= =1 i

In vive cloning and amplification

Oﬁ

/ Cycle sequencing \
3"... GACTAGATACGAGCGTGA.. -s {template)
§-.. CTGAT (primer)

...CTGAT c ,D
...CTGATCT .
...CTGATCTA y )
.CTGATCTAT ’.
...CTGATCTATG
" CTGATCTATGC 4 »
Polymerase .. CTGATCTATGCT
dNTPs ...CTGATCTATGCTC »
Labeled ddNTPs .. CTGATCTATGCTCG
Electrophorsesis
(1 read/capillary)
—
—
[
=Y

Cyclic-array sequencing
DNA fragmentation \
= o= =

E--_
>
S

———
:_l:l
N T
B = 92

In vitro adaptor ligation

- /

Cyclic array sequencing

[,105 reads/array)

Cycle 1 Cycle 2 Cycle 3

Advantages:

* adaptor-mediated library
construction

* Clonal amplification to enhance
signal intensity

* No bacterial cloning, colony
picking, chr. Walking

* Array-based sequencing

* Massive parallel sequencing

* Much cheaper per output unit

DNA applications
RNA applications
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Genome Sequencing

e De novo
* Re-sequencing

31

1. Shotgun gDNA Library Preparation

Fragmented DNA(Or cDNA)

EENEEEEEEENEE SEEEEEEE DO OODODEROOE
EpEmEEEmER oOoHoEEEEE nEommEREmn
End Repair and dA Tailing l
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Ligase Adaptors J
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Forward Primer

PCR r Reverse Primer
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2. Tn tagging - Nextera Library prep

Transposomes

-

Genomic DNA

¥

—

- 300 bp

¥ Tagmentation

- 200bp
¥
PS\
Index 1
Read 2 Sequencing Primer s, |ndax 2
NPT
¥ PCR Amplification

Sequencing-Ready Fragment

. TemplateDNA +

transposome complex
(contain adaptor)

. Tagmentation breaks

DNA and add adaptor
to ends

. PCR amplification to

engineer barcode and
sequencing primers
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http://www.gtbiotech.com.tw/products/Nextera_XT_DNA.asp

Hierarchical Genome Assembly

(single end) (paired end)

Read > m> o= ewm
- =

200-500bp = dm
Contigs y— — = - :
Scaffolds > :NNNI\ = e —
2-15kb
or
Super Contigs ~~T__Long PE or BAC ends
20-100kb i
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De novo Genome Sequencing

— shotgun PE: end-overlapping
— 200~600bp insert; PE2*150~300bp, 50-200X coverage

Scaffolding:

Local assembly: with size selection

— Mate-pair: 2~15kb (size selected), 20-50X
— 454 long PE: 20~30kb jump

Bridging over small gaps: LIPE

— Shotgun 1~1.6kb insert

— 1~30 kb

Gap filling: PacBio, NanoPore long Reads

35

Re-sequencing: Variant detection

Reference sequence

Chr1

Point mutation

Indel

deletion
L

Non-human
i\ Chr 5 sequence

Homozygous Hemizygous

deletion

Gain

I
Copy number alterations

Translocation
breakpoint
|

Pathogen

Figure 3 | Types of genome alterations that can be detected by second-generation sequencing. Sequenced

Meyerson et al. NRG 2010




Whole Genome Re-Sequencing

e Variant calling: SNPs & short INDELs
— shotgun PE: SR or PE
— Read length: 100~150bp
— >30X coverage per haploid genome
e Genome re-arrangement: longer INDELs and
break point

— Gel-size selection
— PE2*150~300; 30-50X coverage

e Copy number variation:
— PE2*100-150; >30X coverage

37

Epigenetic sequencing

e Bisulfite-seq

e ChiP-seq
e Histone-IP

38




Effect of bisulfite treatment of DNA

mC mC

|
>>CC GCATgTTTAAACG
<<GG (fGTA AAATTTG(IZ

mC mC mC
Top strand Bottom strand
Bisulfite conversion

>>UCGGUATGTTTAAACGUT>> <<GGUCGTACAAATTTGCGA<<

l PCR amplification \l/

OT >>TCGGTATGTTTAAACGTT>> >>CCAGCATGTTTAAACGCT>> CTOB
CTOT <<AGCCATACAAATTTGCAA<KK <<GGTCGTACAAATTTGCGA<< OB

ChIP-seq procedure
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— ' P — bl :__ __-:-.:.---- - "1.4. il
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— T CTTAATTCCCTTTCCTTATGA
ChiIP Library construction Sequencing

Chri; .,-55 13456
Chrl:24323.24293
Chri: -55 525708
Chri:54321.54381
Chri:55673.85702
Chtl:83456.52488

et

Analysis and visualization Peak calling Alignment




B. Guide/Scaffold

(a) Gene activation

Anti-K27me3 i

JMJba e

WW’

{b) Gene Repression
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ChiP-seq Experimental Design

HiKime1/23
MM_—L___ _h.m.._____ M — | T
Transcription Factors
makod 2. uki A
Nascent RNA(+/-)
i e . _L-...___.___mh bbb bbbty bk
RelSeq Genes

fpit = H#

ChIP-Seq
Experimental design and
analysis strategies

Sven Heinz
UCSD

http://pharmacology.ucsd.edu/graduate/courseinfo/BIOM231-SP13 8 ChIPseq.pdf




ChIP-Seq considerations

1. Sample requirement:
— Qubit assay: 10-100 ng (eg. 15 ngin 40 ul)
— Purity: OD 260/280 ratio at 1.7-1.9

— Smear pattern: BioAnalyzer HS DNA, distribution at 0.2-0.8kb,
major~250bp

— Optional: gPCR confirmation of target genes
2. Controls:

— Negative: Mock (no primary Ab), Total INP, un-induced

— Positive: primary Ab (ChIP-grade) from independent sources
3. Sequencing format:

— SE or PE; read length 50-100nt

— barcode 12-48-plex

Sequencing and data QC

e Sequencing Depth and Barcoding:

— 10-20 million reads can reveal can provide reasonable for a ChIP-Seq
sample

— May require more reads to identify rare binding events

— SR: normal ChIP-Seq; with unique mapping provides quantitative
detection

— PE or long read: to increase mapping precision, or for Allele-specific
ChiIP-seq

e Data Quality Control:
— low dupreads
— mapping to both strands
— similar GC% distribution of whole genome (low GC bias)
— data visualization in Genome Browser or IGV




Amplicon sequencing

1. Two-step PCR
2. Nextera XT tagmentation

45
e [
[ ]
Amplicon library: 2-step PCR
m \\
1%t round: A i / 3
—_— —
Amplify ROI w
@ cleanup
Index adapter oligos from ILMN: contain P5/PT adapters
— to make template compatible with flow cell, also
@ contains a unique sample index
2"dround: —
add indices + adapters
cleanup
Best: 400-600bp
- P5 Index Insert to be sequenced Index P7




Nextera Library prep - Tn tagging

Transposomes

Genomic DNA
\/
P 4 ®
¥
@ ~ 300 bp V7

¥ Tagmentation

—— [ e —

(== ==

--EOOI:p
\
Index 1 === Rcad 1 Saq

¥

Read 2 Sequencing Primaer -\\\1{\ 2
P7

¥ PCR Amplification

Sequencing-Ready Fragment

1. TemplateDNA +

transposome complex
(contain adaptor)

. Tagmentation breaks

DNA and add adaptor
to ends

. PCR amplification to

engineer barcode and
sequencing primers
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http://www.gtbiotech.com.tw/products/Nextera_XT_DNA.asp

Transcriptome sequencing

e mMRNA vs stranded
e SsmRNA, non-coding RNA

48




RNA-seq: considerations

Total lysate ppt vs Column cleanup?
Removal of abundant RNA?
(polyA+, rRNA depletion, DSN, ...)

RNA extraction
MRNA enrich.

oD\ ARS i a5 ds-cDNA vs Stranded-specific?
B AeI(=|88 (overlapping genes? non-coding RNA?)

Read format & length

Sequencing; PE: de novo, large genome, PE150~200
coverage SR: re-seq, small genome, SR100

miRNA, degradome: SR50
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Transcriptome profiling: RNA-seq

Select RNA fraction of interest
(poly(A), ribo-minus and others)
AAA AAA
— P\ D\ P\ AAA
AAA

AAA

Fragment and reverse transcribe

l Sequence, map onto genome RPKM (FPKM)

- o — = Mapped Reads
l Quantitate Gene length (Kb) x total reads (M)

(relative, absolute, nonmolar and others)

3x 2% 1x




MRNA enrichment

Oligo-dT binding

rRNA removal

Resuspand in
Elution Buffer

Separate Beads
Callect from Eluent with
Magretic Rack

M
v
Pure poly(A)* RNA

Capture
RNA/probe complexes

Remove
rRNA/probe complexes 51

rRNA Removal from Eukaryotic RNA

e Figure 2. Removal of rRNAs from total RNA.

A
[FU] i ;
60— i :
| I
40— | |
| |
204 | I
| |
&
o — i

— 1 1 1 1T 1T 1T T T 1
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E
1
i ———————————

— T 1 T T T 1T T T 1
20 25 30 35 40 45 50 55 60 65[s]

Removal of ribosomal RNAs from total RNA. Total RNA from MCF-7 cells was examined using a nanochip on a
Bioanlayzer before (A) and after (B) treatment with the Ribo-Zero Gold Kit.

rRNA depletion works for degraded RNAs,
but require deeper sequencing.
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DNA contamination in RNA sample

Sample 3 Sampie 3C3
[Fu) [ ] ]
20 d ' | ]
60 I
50 ' | ]
40+ 1 |I —
30 LY | ] | | ] 1
204 | |
L : IJI A ) ____‘\_._'-—‘ .
| L e— =
> k) 5\ 3 ?1' 1 <> g > - 1 : L . g,
o ) . ey e Y D 5 00 500 1000 2000 [nk)
T T T T T T rall Results for sample 3 :  Sample3C3
%5 20 500 looo 2000 4000 (] Aren: 1978 RRNA Integrity Number (RIN) 54 (B0205)
. T Concentration: 187 nght Result Flagging Calor:
Overall Results for sample 3 :  Sample 3C1 \ Reatio [28s | 18s]: 18 Result Flagging Labet
RNA Area: 2162 RNA Integrity Number (RIN) 83 (B.0205)
RNA Concantration: 1% ngid Result Flagging Color:
/RNA Raio [285 / 16s]. 18 Result Flagging Labet RIN: 830 imnttableforsample3 ¢ Samaled 3
e Start Size [nt] EndSize[nt]  Area % of total Area
1,625 1998 M%E 194
1816 4109 484 3.1

Fragment table for sample 3 :  Sample 3 CI

Mame  StartSize[nt]  EndSize[nt]  Area % of total Area
185 164 2,010 20 148

285 3201 3,774 574 265

Have seen contamination up to 30%!!

rRNA removal by RiboZero depletion

Ribo-Zero Ribo-Zero Gold

0.52%—\ i 0.24%

= Aligning exomic
m Partial exomic
B Intronic

& H Genomic

M 165 mtrRNA

Oligo
version

125 mtrRNA
1 285 mtrRNA

Arabidopsis Zea mays

0.07% 0.03%

M Intronic

M Intergenic

I mRNA

B Cytoplasmic rRNA
B Chloroplast rRNA
I Mitochondrial rRNA

Species 22.03%
divergence




Strand-specific RNA-seq prep

C C_ o
S % ™ >

Ny A N
G

) < 9 RNA

& 5

First Strand cDNA

Second Strand
Synthesis

% First Strand cDNA

® Second Strand cDNA

l Ligate Adapters

l Enrich DNA fragments / Amplify

Data format: RF

Source: lllumina

Stranded RNA-seq: >90% strand-specificity

SHH HOXA10
——— —
Zebra Finch lib. A SRESEE===—Cs EEBraEIChENG £ e
- i e —
Zebra Finch lib. B gs'?——- S=sttesniaee Zebra Finch lib. B
Zebra Finch lib, ¢ HH EIRMERESSRE== T~ |2°0r Finch lib.C e =

Zebra Finch lib. A

Zebra Finch lib. B

Zebra Finch lib. C

*Genome viewer: IGV genome viewer (version 2.2), plus strand(Blue), minus strand(Red), no paired end info (could be plus or minus strand, Gr:
nan-ctranded nratarnl the amannt af hlue alienments are almnst annal ta red alisnment

Courtesy of Chih-kuan Chen




Transcriptome assembly

Exons on
Genome

Exon 1 ---4 Exon 2 -1 ExXon3 |[-- Exon 4

RNA-seq mapping

Contigs

a

| contigl | | contig2 | | contig3 | | contig4

.ﬁ- .,:f—f-::'

Isotigl \ contigl | contig3 | contigd
Isogroup
i il (gene)
Isoti g 2 contigl contig?2 contig4 B
57

counts

454 |sotig histogram and assembly stats

Insect cDNA Newbler 3.0 assembly Insect cDNA Plant cDNA

total # of Reads 994,094 1,704,310
total # of Bases 428,812,259 726,697,350

isotig Metrics (Transcript)
NS0=2,328 # Isotigs 16,983 31,349
# Bases 26,766,462 43,294,186
Avg IsotigSize 1,576 1,381
= ; N50 IsotigSize 2,328 1,605
oo " Largest IsotigSize 14,210 14,135

g Plant cDNA isogroup Metrics (Gene)

# Isogroups 12,843 20,939
L avgContigCnt 1.6 1.9
largestContigCnt 250 464
] avglsotigCnt 13 1.5
N50=1,605 largestlsotigCnt 72 64
= | # with Onelsotig 10,903 14,657

By: Jin Tang, Yuchuan Teng
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TopHat and Cufflinks
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Transcriptome Sequencing

Sample:
— mRNA to pair with miRNA or lincRNA study?
mMRNA enrichment method
— Oligo-dT vs Ribo-depeletion
Controls and Biological replicates
Time course?
Re-sequencing (mapping) vs de novo assembly

NGS:

— Shotgun: SR or PE

— PE2*100~200bp

— Coverage depends on need for detection sensitivity
Splicing variants? Fusion junction?

— Gel-size selection

— PE2*150~300

61

sSmRNA library prep - Directional

miRNA

£

3’ adapter ligation

RT primer annealing

5’ adapter ligation

«il«

reverse transcription

‘-m

———— POR bar-coding
T —
sequencing primer lv
miRNA bar-code
final library
lllumina overhang l lllumina overhang

gel extraction, QC & sequencing Read out = same as miRNA

Curr Protoc Hum Genet. 2012 Apr;Chapter 11:Unit 11.12.1-10.




Summary of NGS Project Design

1. Application type:
— NGS platform, sequencing format
— data scale/coverage depth
— Sequencing bias?

2. Sample nature:
— Ploidity, plastids, pure/meta sample
— Genome size, GC%, repeats

3. Experimental Design:
— Biological replicate (n=3?)
— Control set?

4. NGS bioinformatic algorithms
— For long or short reads? SR vs PE?
— Computational demand

e Considerations

e Submission to NGS Core

64
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High Throughput
- Genomics Core
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Welcome Publications Instruments Get Started! Services & Charges Contact & Location FAQs

Documentation

Home / Documentation

http://ngs.biodiv.tw/NGSCore/documentation/

Forms

Sequencing Application Form for lllumina
Sequencing Application Form for PacBio Sequel
Sequencing Application Form for Roche 454

Sample Submission Form

Guides

NGS Sample Preparation Guide

Guidelines for Chloroform Purification (PacBio)
165 Metagenomic Library Prep Guide (lllumina)
Info for mRNA-Seq and smRNA-Seq

Chip-Seq Q&A

Core News
Download

@ Launching of the 3rd-Gen
Download sequencing service of PacBio

Sequel system
Download

® Promotional Discount on HiSeq

Download :
@ FLLERE2EREANEHE
B5E
@ Web server (Pydio) has been
disabled

Download

I .

Dewnioad Lecture & Seminar

Download
® 2016-03-24

Downleoad

Download

Related Web Links

Calendar

(5-B)
(S-Ca)
(S-Cb)
(5-D)
(S-E)
(5-G)
(s-1)
(S-Ma)

(S-Mb)

(5-Mc)

(5-N)
(S-P)
(s-Q)
(5-R)
(5-5)
(s-T)
(S-Wa)

(S-Wb)

(5-We)
(S-Xa)
(5-Xb)

Application Type

TruSeq Methylation DNA (Bisulfite Seq)
TruSeq Paired-End DNA, Gel free

TruSeq Paired-End DNA, Gel plus

TruSeq Long Insert Paired-End DNA (1-2Kb)
TruSeq Small RNA (miRNA)

Degradome

TruSeq ChIP DNA (ChIP Seq)

Nextera Mate-Pair DNA, Gel free (no size
selection)

Mextera Mate-Pair DNA, Gel plus (4 sizes, 1-
15Kb)

Nextera Mate-Pair DNA, Gel plus (6 sizes, 1-
40Kb)

TruSeq Synthetic Long-Read DNA
Indexing PCR (2nd Step PCR)
Nextera DNA

Nextera XT DNA

TruSeq Stranded RNA, Poly-A
TruSeq Stranded RNA, Ribo-zero

Low-Input Stranded RNA, Poly-A
(Clonetech)

Low-Input Stranded RNA, Ribo-zero
(Clonetech)

Low-Input Stranded RNA, aRNA (Epicentre)
Human Exome Capture (Agilent)

Human Exome Capture (SeqCap)

Illumina Hiseq 2500 Sequent
Services

HiSeq High-Throughput Mode (8 lane:
Mode Type
(200-250M clusters per lane)

(HTSR100)  HiSeq HT v4, Single Read 100

(HTPE125) HiSeq HT v4, Paired End 2*125

HiSeq Rapid Mode (2 lanes per chip)

Mode Type
(150-180M clusters per lane)

(RPSRS0) HiSeq Rapid v2, Single Read 50
(RPSR100)  HiSeq Rapid v2, Single Read 100
(RpPE100)  HiSeq Rapid v2, Paired End 2#100
(RPPE150)  HiSeq Rapid v2, Paired End 2#150
(RPPE200)  HiSeq Rapid v2, Paired End 2#200
(RpPE250)  HiSeq Rapid v2, Paired End 2#250

lllumina MiSea Seauencing ¢

Mode Type
(10-15M clusters in v2; 20-25M
clusters in v3)
(M550) MiSeq 50 cycles v2, PE2*25 or SRS0
(M5150) MiSeq 150 cycles v3, PE2*75 or SR150
(M5300) MiSeq 300 cycles v2, PE2*150 or SR300
(M5500) Miseq 500 cycles v2, PE2*250
(MS600) MiSeq 600 cycles v3, PE2*300




NGS Service Workflow

Inquire NGS service

Project Consultation

Library construction

Library QC

Sequencing

Data preparation

Return data to user

Contact Core Manager to inquire service application of interest

Project discussion regarding sample organism, sequence type, and
scale of data required

Prepare Sample Information Form and email to Manager for visual
quality inspection

Send approved samples and forms to core, signed in by Core Manager
for project establishment

Check DNA/RNA concentration, purity, and quality

Application-specific procedure; PCR amplification

Check library size range and concentration; qPCR normalization

Application dependent sequencing (SR vs PE; read length of choice)

Demultiplexing; Read folder generation, summary file

(optional: assembly or mabping analvsis uoon reauest)
http://140.109.28.108/NGSCore/?page_id=40

Transfer data/files by data retrieval server (Pydio), portable HD

YHRARAR MERLARZAHOTRE
Mlumina Sequencing Application Form & 5 s ¥ k&

Irataset 11}

e onlyh

Cane 1D}
[

Please Read NG5 Sequencing Service Policy Carclully Before Submitting Your Requisition

AN LA REEE (LE=X)
User Information
Principal MName (4 Name (En)
Tovestigator | ynioine Phone: E-mail
ey —
Applicant Name (¥} Hame (En)
(rotnctperml | Institune Phone Eemail
Praject Name Funifing Sources
(hrief description)
Library e Services Note
# of Sample s
Eefemd Quality & Quantity Assessment
[ Quba DNA [ BioAHS DNA
] Cubm RNA [ BioA RNA Nano
] gPCR (for Ready-to-seq Libeary) [ HioA KNA Pico
@ of Libwary .
p 24 Application Type (see table bebow)
[ Gelfree [ Gelphus
] Size Selection (al extra cost)
" Mode (elect 0N valy) Farmat Multiplexing
<l " Read i
HiSeq HT | HiSeq Rapid Miseq SR/ PE Length | o Libper Lane | 1040 Lane(n)
Note icote sby)
Signature of Core Manager Signature of P1
Date (YYYYMMDD) Date (YYYYMMDD)
Heam (.2 31 ]
e ety ) —_—
Applcation Typs Sangle Requarermen Application Typs Sample Requirsment
(5-1) Methylation DNA 1-lug n28e [(35-F) Indeang PCR (2 Siep PCR) 300 g 10304l
(50 Pinedeened DNA 33ug in0u [(3-0) Nexten DNA T 1%0mg m2Sul
80 Long Insert Pasred-end DA 23ug in 0wl [i8-K) Nt XT DNA 24ng im0
(%K) Soull RNA (maRNA) B10ig m 10l |(5.5) Stranded mRNA (Poly-A) 16 og in30ul
(%-G) Degradome 100150 ug_im 100l |(8-T)_ Stranded mANA (Ribo-Zero) 4o inS0ul
(5.1} ChIP DNA Sl0ng 25wl |(5W) Low-input Stranded mANA S100rg in25ul
(5-1)_Ready-to-seq Library 10 rM in 206l |(8-X)_Husnan Exome Capture 23 in0ul
(50 Mate-Prair DNA 10-20 g in 1006l | (5-2)_Custorrieod Prep
(5-N) Synibotic Lovg-Hioad DNA 12 m0u [i00) QC-only
SERLNFALSL FECTANTHAGREE NGSComlih RESABARD RAA DDITRT- 1199 or 1158 et 9

Updaze:  2017/4/25

B

1.

C.

SERINSNES, FHCTANTRNOCNRE NGSComlah RUMAEASIS AR

PRARKE MHERERBTFABCTRE
NGS Sequencing Service Policy 5 A F8% 4k 2%

Sample Requirement
Please check on NGS Sample Preparation Guide (download) to ensure that your samples meet our
requirement and be well-packaged. NGS core facility reserves the right to determine whether the
ungualified sample can proceed to the library preparation.
Additional fees would be charged if there are any needs 1o re-prep library or do exira experiments
requested by the user due to sample issues. The final service charge will be re-calculated depending on
real experiment cost.

Sample Submission

As a part of our standard service procedure (sec Service Flow), please email 10 Dr. Mei-Yeh Lu the
NGS Application Form (Illumina or PacBio) and the Sample Submission Form prior 1o the actual
submission for visual quality inspection. Please kindly include P in all communicating emails,
allowing P1 1o be updated timely on the project status and information.

ffz should

All sample droy forms signed by P1 for project approval, and please

pany approp
contact Dr. Lu to make an appointment in advanced before you bring vour samples to the NGS core

facility. For contact information, please visit our website Contact & Loc

Acknowledgement & Authorship
We appreciate your support if you mention NGS core facility in the acknowledgement section when the
data using our sequencing services is published. You may add a sentence like this:
e thank the High Throughput Sequencing Core hosted in the Biodiversity
Research Center at Academia Sinica jor perforning the NGS experiments.

If there are substantial contributions from NGS core facility in your research. mecluding imtellectual

mput. data analysis and interp or special exp nt design, it might be appropriate to invelve
core members in the list of authorship.

Please kindly share your publications on here in case we miss it. Thank youw

O22787-119% cr 1198 &1, 5

Update 201774725




PAARR WERLEREAHCTRE
NGS Sample Submission Form 3£ 5 9 ga ¢

PRARR MERLEREFABTRE
Supplemental Information of NGS Samples

Gel Image (requinad)
1. Post-run staining only.

Submission Date
Application Type
1. Please refer 1o NGS Sample Preparation Guide for the labeling and packing, and ensure the quantity and quality of your

samples fulfill all the requirements
Please ttach Gel Inwage (required) or BioAnalvzer Traces
Sample Name nmust be the same as the labeling on the tube cap.

{optional) ot the end of the NG S Sample Submession Form,

2. Please indicate sample no. & major marker sizes (ladder should cover at least 0.1-10kh).

a Gel percentage: ___% of [] TAE or [] TBE agarose gel
b. Run condition: voliage for min

¢ Loading amount: ng of sample per lane; ng of ladder per lane

Organism or Sample Type:
Species [l genomic DNA  [Jamplicon [ total RNA
Genome Size or ] ChIP DINA CJeDNA 1 Ready-to-seq Library
DNA Length Oplasmid BNA ~ ImRNA O
Enzyme Treatment & Usape: Dissolved in:
Purification [ Divase ] RNnse [ RMase Inhibiter OH0
Method OEB
st | Nane gty | it
Rample Name Vol Ami on on Sample 11
{1 Istielling) 2 Dvey saze | 2eeam | A Lo : ieore anly)
dmg'ull | ingiuld (1) ug) Ratls

FPAMER MERLEAMEFBONBRE

Supplemental Information of NGS Samples

1)

BioAnalyzer Electropherog i
1. Please armange images of BioA traces according to the sample number on the sample submission form.

2. BioA DNA [ High Sensitive [] 1000 ] 7500 [] 12000; or BioA RNA 6000 [] Nano [J Pico

Sample # 1 Sample # 2

Sample # 3

Sample # 4

SERINSELSs FEARARTRECKEE NGSCowlab NRMAEAS0S AN
Update:  J17/4/25

02737-1199 or 1198 &t §

T 1%

1. i-ﬁ‘.-:é'* \\r E
R {gf'n 1% i

E-mail 2 NGS Core §

FoREHR&SiEE IR

2. %4 NGS Coretk &-i% i Jf 4v > ¥k &4 <

3. ENT R B S EEERF e FiE

4. QCiLif {8 BB 4pi8 72 7

5. A RIBFEEALE S WT LT REATH




Sample Submission

1. Prior project communication; email files for preview

2. Submission by appointment:

a.
b.

Samples: Provide samples in low-bind tubes
transferred on ice/dry ice/liquid N2

Submit along with NGS application form & Sample
form

Attach gel images and/or BioAnalyzer traces for
guality check

Make appointment in advance

General Sample Requirements

DNA:

RNase-treated and purified

Submission amount > 3X of library input

High purity (NanoDrop ratios, BioA, gel)

Long integrity (>23~48kb)

Low in inhibitors and contaminants (eg. EDTA, CTAB)
Concentration: 200-800 ng/ul

RNA:

DNase-treated and purified
Submission amount >2X of library input
High purity (NanoDrop ratios, BioA, gel)
High in rRNA ratio, RIN
Low in inhibitors and contaminants
Concentration:

 mRNA 200-1000 ng/ul

e smRNA: 500-2000 ng/ul




Auxiliary equipments

Qubit
Fluorometer

Covaris

(DNA shearing)
0.2~10kb

0

—_—

Fragment Analyzer
(up to 96well plates*3)

BioAnalyzer
(up to 11 samples)

BluePippin

(gel size selection)

LC480 qPCR

827 S32 S27 S32

-l - =m =

;lf'f!?\h

—
.
—
St
——
e
—
L
[
(="
-

RNA

oD

260/280
$32-original 2.04
S32_v1 2.16
S32_E1 1.77
S32_E2 1.67
S32_E3 1.75

= M2 M3 S32(E1) (E2) (El)_ (Vi) M1 M

. K ==

—
—

CEEREI

oD NanoDrop QubitDNA RNA Carry over
260/230 (ng/uL) (ng/uL)  (NanoDrop/Qubit)

2.05 2250.8 56.0 40.19 X

2.52 1207.40 7.29 165.62 X

0.94 394.50 131.00 3.01X

0.82 45.06 14.10 3.20X

0.75 11.48 4.49 2.56 X




Fungal genome MP — 1~20kb

Assembly version

Hong Kong version 31,259,288 1,434 22 407
NTU version ~30Mb NA NA NA
BRC v1 (PE+3kb ; sequenced in Japan) 33,490,075 2,555 13 2,449
BRC v2 isolate | (PE + 5 MP libraries up to 20kb) 31,254,640 97 322 3,610
BRC v2 isolate 2 (PE + 5 MP libraries up to 20kb) 31,591,454 107 295 5,891
Isolate #1
1400 T T T T T T
1200 | ]
| I;.IIIJ'.I
1000 f | 1
| |
] |
e { A ]
g \
] |
g | i
& eol | ]
:r' \" ¥
wl [ " M
00 - f X ‘u 1 1
| .'\_’ ! \\
200 B Mii¥ '-,‘ 4
.“-'“\—., v
# [ 2000 4000 6000 B000 10000 12000 14000 16000 18000 20000
Inson size

Assembly size (bp) num. scaffolds average (kb) largest scaff (kb) N50 (kb) N50 (n) N90 (kb) N90 (n)

valid nue Ns
79 122 12 484 31,259,288 0
~50kb NA NA NA NA NA
421 18 48 94 33,052,597 437478
2,385 6 650 16 30,893,103 361,537
3,404 4 1,061 10 31,091,726 499,728
Isolate #2
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RNA QC

BioAnalyzer RNA ladder

Marker
Fu
P A. High Quality RNA
= s
5m 000t 500Nt 1000nt | 2008 m oot E000m = b - 255
> — a5
Marher
< - Fe: =
- - - ’ - - - - = - - B4 - C] ™
Fowa A D008 anw facdar B. Partially Degraded RNA
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Panel A. Electropherogram of Plant RNA s

Human RNA — various degradation




Low Input Sample — biased sequencing

Normal input- Little bias

CP01.0.5(200915)
.
4
-
mITTT T 7TTTITT InrTn
35 150 300 500 1000 10380 [bo)
E
" ;-v'-m.m—,»ﬂ A——

Low input - adaptor bias

CP 06_0.5(213-2766)

LI\ ™ 45 NN B O
35 150 300 500 1000 10380 [bp)

Amcplion — extreme bias

1

i

Concentration(nmol/ul)

Qubit Qubit | For GA,HS| qPCR Ratio of Gener:;&u:;‘zonc.to
(ng/ul) |(nmol/ul)| (nmol/ul) |(nmol/ul)|qPCR/Qubit (nmol/ul)
ST-DQO1 321 141.5 667.90 10 14.66 1.47
ST-DQO2 359 73 308.10 10 10.40 1.04
ST-DQO3 376 101 407.00 10 13.55 1.36
ST-DQO4 361 151.5 635.90 10 14.33 1.43
16 -

14

ST-DQO1 ST-DQO2 ST-DQO3

Sample ID

12 4

10 -

81 o

6 ® gPCR (nmol/ul)
4

2

o -

ST-DQO4

1200.00

1000.00

For GA,HS (nmol/ul)

Concentration(nmol/ul)

= Qubit  (nmol/ul

® Generat Qubit co
conc.
(nmol/ul)

ST-DQO1 ST-DQO2

ST-DQO3 ST-DQO4




e Data types and QC

e Public resources

79

Types and Characteristics of NGS Reads

* Read length: Short Long
50-300bp fj 500-15,000bp

* Read types: SR —> 50bp-20kb

PE ———=> € 50-300 bp;
1~1.5 kb jump

I 50-300bp;
2~15kb jump

80




Insert size vs Library Fragment Size

Virtual 180 nt

300-bp fragment: 100

—> 100

Ends overlapped 20 bp

Overlap 20nt

400_bp fragment: R1:100 nt)i 80bp gap E( R2: 100

Ends gapped by 80 bp

Illumina Read — fastQ file

Index sequence
no control

Y/N: failing PF or not
Readl or Read2
@HWI-D00368:32:H8R31ADXX:2:1101:2034:2140 1:N:0:CAGATC

Sequence header Machine ID, FCID Lane ID

TTTGNCGAGAACTGGAATTGAACCAATATTTAAGTCTTACAAGGAATTCGTTTTAAC
+

@@@F#2ADFDHHHJJJJIGHHI1J11J3JIN1IGCIHENTIIIJN1J1133J1333J1Gl

Q-score header




Seq. performance assessment — Base Q

Phred quality scores Q: logarithmically related to
error probabilities

Pby Q=[-10 * log,,(P)]

Qualty scores across all bases (Thumina >v1.3 encoding)

T 13 £ 10 103 61 R B
2 || TETE TTTTT
Phred Error Base call : i
Score Q | probability |accuracy ! 1
10 1in 10 90%
0 t-]
20 1in100  |99% :
30 1in 1,000 |99.9% 2
]
40 1in 10,000 |99.99% j
1 3 -] 7 9 11 13 15 l?Posi:n::MZ:bo)E 27 29 31 3 ¥ 37 ¥
@FastQC Report
Summary
@ Basic St o Basic Statistics
_ [ Mosswo [ vae |
@ Per base sequence quality Filenamo good_sequonce_short.fastq
@Eer_mumsmhmms File type Conventional base calls
, Per st Enceding Illumina 1.5
L e
@Wﬁgﬂm Sequence length 40
@E t N contant e 4
Ds Diexious
& sequence Duplication Levels
er base sequence quali
@Qﬂmmmt@ﬂjm QP b lity
\'- 1) Kmer Content =5 Quality scores across all bases (llumina 15 encoding)
35|i fif£||||||||||| ||| |||%%%%%ﬁ
34
32

30
Fe]
6
24
32
20
18
16

14

https://wiki.hpcc.msu.edu/display/Bioin’fzc /FastQC+Tutorial
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Data Trimming - Trimmomatic

Overview I., Group ‘ Publcatons L Supporting Info l Teaching |  software l Internal I
O Search You are beve Supooring 0t » Trrmeraslc
Sooch |Cater Searsy ]
e Trimmomatic: A flexible read trimming tool for lllumina NGS data
|
Citations
O News
Balger A U Lomme I 4 Usade B (2014) Tdrmemate A fiecble timvmes for 1lami na Sequence Dota Bioinformates bhu!1T0
Paca 1of2 »»r
LRGN
Aprd 2013 TATHOMOt < 24407e 0 varely of Lseh! Timming 12aks “r L uring paired-end end 1730e srded dota The seecticn ¢f Timmng
k'_m M08 09 TH L G980 DErIretery are woplied 0 e command lire.
I-u:n':mz ; | The current trimyn g s'eps ere
dn? a2 u ILLUMINACUP: Cut adepter and othwr Iming-spacific 3e0uences fom the reed.
Jan & 2012 * SUDINGVANDCL Perom g sl ng windo~ Iremng, cuttng once e 2verae Juaiity win 1w wnoow lals beow e
o » treshoid

,20M
F }
Nev 16 2011

® LEADING Cut Dases off the s2art O a read, # Delow a tweshold quaity

8 TRAUNG Cul bases o 1he end of 3 read o below a tweshe d gaality

’ » ® CROP Cut the rmad o 3 spaciad langth

sﬂzb’co?ﬂ';n 8 KEADCROP Cul T sl e numbss of Lt from M start of e resd
8 LENLEN Crop tw read il o below 8 soec Tad ength
o TOP=REDLY Canver qualty soorea 15 Phoed X3
o TOP=REDAd Conver qualty scores 9o Phod 84

warks with FASTO (Uaing phoed + LY or phomd « 54 que ty scorss capanding 00 e | lumra posine Lsad) she LAcompsasad

o Contact Info

Bjorn Usadel. of 3zpp'ec FASTQ Use of g2 p fomat i3 determired based 01 the g2 extenson

Weerirger Weg 1 For snge-ended data one irput and 0ne 0.8p.8 £a oo 20ec fad plus tha procasaing aena Fer paired-and data *an npes fles are
£2002 Aachen specified ond £ cutpit flles 2 “Of e 'pe ad outpLt whete SO reeds sunived 1he processing, and 2 for cormesacnding ‘urpeined’
Germany st whese 3 raad susvived B the padtrer pad eid nat

http://www.usadellab.org/cms/?page=trimmomatic

Data pre-processing: eg. FastX-toolkit

FASTx-Tc:g!jat g s AR g
FASTQ/A short-eads Bie-proghs sing 10ajs TN g o

Introduction
The FASTX -Tooxd = a colechon of command line tgols lor Short-Reads FASTAFASTQ fes preprocessrg

Next-Generat on sequencing machings Lsualy procuce FASTA of FASTQ fMles, containing mutipie shor-reads $aquences (Dossioly with
quality information).

The mamn proacessng of such FASTAFASTQ Ses s mappeng (aka algning) the sequenaes ta reference genomes of other databases usng
specia’ zed programs. Examgle of such mapging programs are: 0 at. SHR VP, LastZ. MAC and many many others.

Homvever,

It is sometmes more productive 1o preprocess e FTASTATASTO £ es before mapping the sequences 10 e genome - man pulating the
seguences la produce belter mappng resulls

The FASTX-Tookd too's perform some of these preprocessing tasks

http://hannonlab.cshl.edu/fastx_toolkit/




Adapter Trimming Result of HiSeq
genomic PE Reads

PE 2*151nt (raw; R1 & R2)
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Reads after adapter trimming by Trimmomatic
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Public Resources
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T
N G S d ata ana Iys i G Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical research.

reproduce, and share complete analyses.

= Galaxy

o

Tools 3 “ | mistory 54

- o - Galaxy is an open source, web-based platform for data intensive biomedig; ol If you are new to Galaxy start here or A ¢

G Data consult our help resources. You can install your own Galaxy by following ‘@ d choose from thousands of tools from = =
named ary

the Tool Shed.

Lift-Over it SNV (emety)

Text Manipulation This history has been purged
and deleted

I Tweets & o _

Convert Formats 0 ===z, You can laad vour owr

FEilter and Sort B Ga e v - data or gt data from an

Join, Subtract and Group | extemal source
Nicola Banzannl (-bozar e

Tr¥ Galaxy New #galaxy pipeline for analysis and visualization of
on the Cloud TCR and BCR sequencing data from @ErasmusMC.
NGS: Mappng bit.ly/203XEol

g PENNSTATE , B N
e I RS TACG Soverse

Phenotype Association The Galaxy Taam is a part of the Center for Comparative Genomecs and Bioinformatics at This instance of Galaxy is utilizing infrastructure genercusly provided by the Cyerse at
BEDTools Penn State, the Department of Biclogy and at Johns Hogking University and the the Texas Advanced Computing Center, with suppert from the National Scence
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HIGH-THROUGHPUT SEQUENCING > WGS ANALYSIS

=' Whole-genome sequencing data analysis bioinformatics...

WGS ANALYSIS STEPS

Preprocessing & quality control
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Public NGS Databases

NIH Short Read Archive

= NCBI it

il Short Read Archive

Trace Archive Trace Home

Documentation | Software Trace Assembly

About

History

The Short Read Archive (SRA) stores raw sequencing data from the "next” generation of sequencing platforms including
Roche 454 GS System®, Illumina Genome Analyzer®, Applied Biosystems SOLID® System, Helicos Heliscope®, Complete
Genomics®, and others.

Current capabilities include:

= Run Browser

* Study/Sample/Experiment/Analysis browsers
* Download facility

* Search SRA (using Entrez)

* Interactive submissions facility

* Automated submissions

ERA (European Short Read Archive)
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Training Industry About Us Help Ste index
= EMBL-Bank Home EBI > Databases » EMBL-Bank » Documentatior
» Access European Nucleotide Archive - Reads

= Documentation
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€ cC www.necbi.nlm.nih.gov/Traces/sra/sra

= NCBI

Reads

Analyses

& What can be entered in MII'IDI'II'IQ

1.NCBI SRA is a repository for NGS sequenced reads =

> | »>

2.Data is stored in association with basic metadata
explaining experimental techniques and inter-sample

relationships

3.Data format is NCBI-specific SRA/and SRA-lite format.
“Universal” lossless format.

4.Upload and download is offered via FTP and HTTP.
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1000 Genomes

A Deep Catalog of Human Genetic Variation

International consortium announces the 1000
Genomes Project.

Any two people have 99% identical DNA.

¥l

Public release date: 22-Jan?§008




Genome sequences are important

1001 Genomes
A Catalog of Arabidopsis thaliana Genetic Variation

Home Collaborators Accessions Tools Downloads Data Center

Help desk
Welcome to the 1001 Genomes Project

The 1001 Genomes Vision

The 1001 Genomes Project, launched at the beginning of 2008, has a simple goal: to discover the
whole-genome sequence variation in 1001 strains (accessions) of the reference plant Arabidopsis
thaliana. The resulting information will pave the way for a new era of genetics that combines large-
scale association studies in wild strains with forward genetic analyses in experimental crosses, in
order to identify alleles underpinning phenotypic diversity across the entire genome and the entire
species. The analyses enabled by this project will have broad implications for areas as diverse as
evolutionary sciences, plant breeding and human genetics.

This 1001 Genomes Project is particularly timely because the current technological revolution in
sequencing means that it is now feasible to resequence large numbers of genomes. Indeed, a
1000 Genomes project for humans has just been launched in early 2008 as well. There are,
however, several important differences between the two projects. The most important one is that
each of the accessions in the Arabidopsis 1001 Genomes project is an inbred line with seeds that
will be freely available from the stock centre to all our colleagues. Unlimited numbers of plants with
identical genotype can be grown and phenotyped for each accession, in as many environments as
desired, and so the sequence information we collect can be used directly in association studies at
biochemical, metabolic, physiological, morphological, and whole plant-fitness levels.

As of earl 2010, the complete genome sequences of over 80 accessions have already been released
by the Max Planck Institute. There are commitments for the remaining accessions, primarily from the
Salk Institute, the Gregor Mendel Institute and Monsanto, and we are hoping for completion of the
1001 Genomes project in the first half of 2011.

Progress as of June 2, 2010:
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NCBI SRA Genomes Project

Map resource for 1001
Genomes

News

Mai 3, 2010

A collection of 80 A. thaliana
accessions sequenced as part
of the 1001 Genomes Project is
available from ABRC. Each of
the accessions is an inbred line
that can be ordered as an
individual line or as a set
(CS76427). These stocks can
be found using the ABRC
catalog.

February 2, 2010

The Weigel laboratory has just
released 80 Arabidopsis thaliana
genomes sequenced with
paired end Illumina short
reads. SNPs and structure
variants (SVs) are now
available online.

For more details, please read
the README file.

>> News archive...
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Home > Research Funding > Research Funding Divisions > Division of Genome Sciences > ENCODE Project

The ENCODE Project: ENCyclopedia Of DNA Elements

Functional Analysis Program

Genetic Variation Program » © Accessing ENCODE Data
Genome Informatics and » © ENCODE Tutorials WD

Computational Biology Program
Genome Technology Program L3

NHGRI Genome Sequencing » @ Program Sta
Program (GSP)

Follow the ENCODE Project on:

B} Facebook @
Twitter &7

ENCODE Overview

Centers of Excellence in 4
Genomic Science &
© Overview
Division Staff » EI\JCODE o £ 3 "
2t i k © Consortium Membership

See Also:

Identification and analysis of
functional elements in 1% of
the human genome by the

N il roj
Nature, June 13, 2007

Major Findings from The
ENCODE Pilot Project
June 2007

The modENCODE Project
ran m

On Other Sites:

Th ! I
Of DNA Elements) Project,
Science, October 22, 2004

Nature ENCODE explorer
Sept, 5, 2012

ENCODE Resources:

The National Human Genome Research Institute (NHGRI) launched a public research

consortium named ENCODE. the Encvclopedia Of DNA Elements. in Sentember 2003. to

ENCODE Web Focus
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Research | Threads | Additional Research | News and Comment | About | Sponsor
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Djebali, S. and Davis, C. A. et al.
- Landscape of transcription in human cells
Characterization of Nature . :
intergenic regions and gene doi: 10.1038/nature11233
definition (2012)
The prevalence and analysis of
ENCODE data are changing the

definition and characterization of
intergenic and genic regions Included in these threads

Read Thvead B Y Y. Y Y

What is ENCODE? Threads: a new approach Guide to the ENCODE explorer

http://www.nature.com/encode/

NGS Reviews

Next-generation DNA sentiencina
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Nature Biotechnology 26, 1135 - 11
Adv le). 2015 Jan 1; 4(1): 50-58 PMCID: PMC4281878
doi
@D APPLICATIONS OF NEXT-GENERATION SEQUENCING Next-Generation Sequencing: A Review of Technologies and

Tools for Wound Microbiome Research

S eq uen Cl n g tec h no I Ogl €S — Brendan P. Hodkinson and Elizabeth A. Grice’
th e n ext ge n e rati O n Author information » Article notes B Copyright and License information b

Michael L. Metzker**

Nature Review Genetics 11, 31-46 (2010)

GENETICS

REVIEWS

nature.com » journal home » archive » issue » review » full text

NIH PUth Access NATURE REVIEWS GENETICS | REVIEW

Author Manuscript

(l0 ARTICLE SERIES: Applications of next-generation sequencing

Published in final edited form as:

J Genet Genomics. 2011 March 20; 38(3): 95-109. doi-10.1016/jjgg 2011.02.003. | COMING F’f age: ten years of next-generation
sequencing technologies

The impact of next-generation sequencing on genomi Sara Goodwin, John D. McPherson & W. Richard McCombie
" Affiliations | Corresponding author
Jun Zhanga‘b‘ , Rod Chiodini®, Ahmed Badr?, and Genfa Zhangd

3 COE for Neurosciences, Department of Anesthesiology, Texas Tech University Nature Reviews Genetics 17, 333-351 (2016) | doi:10.1038/nrg.2016.49
Center El Paso, TX 79905, USA Published online 17 May 2016




Video Clips

Sanger Sequencing of DNA [HD Animation]
— https://www.youtube.com/watch?v=nudG0r9zL2M
Pyro Sequencing
— https://www.youtube.com/watch?v=nFfgWGFe0aA
Illumina Sequencing Technology
— https://www.youtube.com/watch?v=womKfikWIxM
lon Torrent™ next-gen sequencing technology
— https://www.youtube.com/watch?v=WYBzbxIfuKs
Single Molecule Real Time Sequencing - Pacific Biosciences
— https://www.youtube.com/watch?v=v8p4ph2MAvI
Oxford Nanopore Technologies
— https://www.youtube.com/watch?v=3UHw22hBpAk
Next-Generation Sequencing Technologies - Elaine Mardis (2014)

— https://www.youtube.com/watch?v=61s3W7JkFp8

PCR (Polymerase Chain Reaction)

— https://www.youtube.com/watch?v=iQsu3Kz9NYo
Polymerase Chain Reaction [HD Animation]

— https://www.youtube.com/watch?v=0HCWmD7Mv8U

Applications of Next-Generation Sequencing

: ( 3
Whole-genome sequencing Epigenetic profiling
* Genome re-sequencing _ * Methylation sequencing
» Metagenomics applications equencing \ J
'S ™
Targeted re-sequencing Genomic footprinting
*» PCR-amplified regions Sequencing DNA library » ChIP sequencing
» Capture-enriched DNA L DNase | libraries
f
Transcriptome mining Sequencing of RNA footprinting
» novel RNA classes cDNA libraies * ribosome footpn'qting
« novel splice variants | * RNA-IP sequencing

.
Transcriptome expression profiling

* MRNA
= small RNA (miRNA etc.)




