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Outlines

. Revolution of sequencing technologies
. Choice of platforms

Data format

. Applications
. Single cell

Project design considerations

. Omics: genome, transcriptome, proteome,

metabolome



¢ Sequencing advancement
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Choice of NGS platforms

Platform Roche 454 lllumina : PacBio
Technologies
Model GS+ 454 Jr. HSQ2500 HSQ2.500 MiSeq [lon Torrent|lon Proton RS I
HT Rapid
Output  |600-1000 1Tb 90 Gb 1Gb 10/100G
frun Mb A0-70Mb 1o\ ones  |21anes [P G |318 chip) |(Pup2)  [PPO-37OMP
Read avg. 450- 1156 600nt [PE 24125 |PE 2%250 |PE 2*300 |avg. 250nt| n.a.  |Up to 30 kb
length 950nt
Run time |48 hrs 6-7 days |48-70 hrs 48 hrs |~3 hrs n.a. <2 hrs
insert
20-30 kb MP: 20 kb [MP: 20 kb (3-10 kb 15-20 kb
range
Special SLR:

5-10kb

As of 5/2015




Comparison of 2" vs 3"9-Gen sequencing
. |¥Gen  3%Gen

Specs Read length Short-med. (200~1000nt)  Long (300nt~20k nt)
Read count output High low
Base call accuracy High Lower
Platforms Manufacturer 454, lllumina, lon Proton PacBio, (NanoPore)
Pros/Cons Shorter reads, Longer reads,
High per base Q, Lower per base Q,
higher throughput lower throughput
Applications De novo genome
De novo transcriptome
Re-seq: SNP, short INDEL
Genome re-arrangement  Difficult Yes
RNA-seq profiling Yes Too shallow
Isoform sequencing Yes Yes (read through?)
Sample Purity Mid-high High
requirement Quantity Mid-high High
Integrity Mid-high High




¢ Data format and QC



Types and Characteristics of NGS Reads

 Read length:

 Read types:

Short Long

50-300bp / 500-15,000bp

50bp-20kb

50-300 bp;
1~1.5 kb jump

50-300bp;
2~15kb jump



Insert size vs Library Fragment Size

Virtual 180 nt

300-bp fragment: 10

> 100
Ends overlapped 20 bp

Overlap 20nt

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

Ends gapped by 80 bp

Adaptor sequence length: can vary between 60-70bp



lllumina Read — fastQ

Index sequence
no control
Y/N: failing PF or not
Sequence header Machine ID, FCID Lane ID Read1 or Read2

@HWI-D00368:32:H8R31ADXX:2:1101:2034:2140 1:N:0:CAGATC
TTTGNCGAGAACTGGAATTGAACCAATATTTAAGTCTTACAAGGAATTCGTTTTAAC

=+

@@@F#2ADFDHHHJIJJJIGHHITI N 1JJJNIIGGIHEL1IJ1J11J1133J13J3J1Gl

Q-score header

Phred Score Q | Error probability

Base quality: error probability |10 1in 10
Pby Q=[-10 * log,(P)] 20 1in 100
30 1in 1,000

40 1in 10,000




@FastQC Report

Summary
e @ Basic statistics Read processing:
o s T e
Per base sequence quality i
@ Filename good_sequence_short.fastq L4 FASTX-tOO I k|t
@ ge_r_s_egwm_qgal_lu_smze_s File type Conventional base calls
\\p ‘! tent Encoding Illumina 1.5 e Trimmomatic
@ Total Sequences 250000
Perbase GC content : .
Filtored Scquences 0 ° NGS QC T00|k|t
@ Per n nten Sequence length 40
@ Per base N content pac 42
@ S Distributi
@ Sequence Duplication Levels
& Overrepresented sequences & Per base sequence quality
36 AL
34
32
30
28
26
24
22
20
18
16
14
https://wiki.hpcc.msu.edu/dispIay/Bioinffio/FastQC+TutoriaI
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o NGS — Common applications

Genome-Seq
ChiP-Seq
RNA-Seq

MiRNA-Seq



1. Genome Sequencing

e Re-sequencing
e De novo assembly
e SLR (Synthetic Long Read)



1. Shotgun Library Preparation

Fragmented DNA(or cDNA)
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End Repair and dA Tailing l
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Forward Primer
PCR Reverse Primer
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Barcode



2. Tn tagging - Nextera Library prep

Genomic DNA
VJ Y,

¥ Tagmentation

[ — ] o unun
0 e——

~ 300 bp

4
ps\
Index 1

Read 2 Sequencing Primer s, |1ndox 2
-,

\‘..- )X 2
NP7

¥ 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

15

http://www.gtbiotech.com.tw/products/Nextera_XT_DNA.asp



3. Synthetic Long Read (SLR)

AllLong Read Size Districution i

[ Export (TSV)

Number of Long Reads
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Read Length (bp)

HiSeq reads assembled into long ones; major 5-9kb



Re-sequencing: Variant detection

Reference sequence Non-human
Chr1 Chr 5 sequence

Homozygous Hemizygous Translocation
Point mutation Indel deletion deletion Gain breakpoint Pathogen
L |

T
Copy number alterations

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

Meyerson et al. NRG 2010



De novo Genome Assembly - hierarchical

(single end) (paired end)
Read i S — S —_— oy
= = b—
200-500bp
Contigs ———=m e T e
2-15kb (MP) '
or

. = ..-=~__MP or BAC ends -
20-100kb (BAC)

18



2. Capture Sequencing

* Design concept
e @Genome covergae

e Selected panel

Chilamakuri et al. BMC Genomics 2014, 15:449
Performance comparison of four exome capture systems for deep sequencing.
http://www.biomedcentral.com/1471-2164/15/449
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SureSelect™ Target Enrichment System: Workflow

GENOMIC SAMPLE
1St of chromesomes|

i SureSelect™
Y00000000000C Target Enrichment System

000000000000C Capture Process

lNGS L

s oo0e. + ToT + LA
00000 00008 L Ny

SareSeloct

GENOMIC SAMPLE (PREPPED) SweSelect HYB BUFFER BIOTINYLATED ANA LIGRARY
“BAITS”
Y
7~ =l
“\E'- o \"3)’7
Hybndization

'
00000
U'Bglils“&llmgNON Wasg rﬁeads

Digest ANA

Sample requirements:
a. ds-DNA>3ug
b. 0D260/280 >1.8

* Really Long RNA Baits Tolerate Mismatches (even long ones)

Allele 1 Allele 2 - SNP

120-mer bait W

l Allelic Balance 1

post-capture

0.5 0.5

VAVAY VAVAW Amn'ir!y

Sequencing

AVAVARAVAY o



Roche SeqCap

NimbleGen SeqCap EZ Protocol

Taigot Gonomic DNA NGS Litvary Preparation Hytwidiration Captinn & Washing Amplification & QC Sequencing

/s
Hespon A _3 ATAGG
3 ; A
.r~ % W 'f:(lGGAG
Reghcn 8 * . * % 73118
" \ \ “UrgneancTAe
Regpon ¢ Washing £ C : I niichment QC
1% 1j
LA
Design Comparison of Three Exome Capture Products Coverage of Primary Target Bases
100% 100~
95
98% - w 90
g
96% - g 85
2 gp-
3 80~
94% - g 75
§ 70 ‘ —1x SeqCap EZ Exome v3
92% - 2 = f ~—10x SeqCap EZ Exome v3
g 1 ——1x Agilent SureSelect
90% - 8 60" —10x Agilent SureSelect
]
* 554
oohe: 50~ :
RefSeq Vega Gencode Ensembl CCDS miRBase 2 3 a 5 6
W SeqCap EZ Exome v3 ® Agilent SureSelect Human All Exon 50 Mb B lllumina TruSeq Exome Gigabases of mappable reads




3. Transcriptome sequencing

* mMRNA vs stranded
 smRNA, non-coding RNA



RNA-seq: considerations

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

RNA extraction
MRNA enrich.

e DI\ AESataa <558 ds-cDNA vs Stranded-specific?
A1 As]f=|s# (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

23



MRNA enrichment

Oligo-dT binding

rRNA removal

-

|
J Binding
Oligo d(T),,, Beﬁs% ,',

Wash Buffers

Discard
‘ Supernatants

C

Elution

Resuspend in
Elution Buffer

Separate Beads
Collect ,‘ from Eluent with

Magnetic Rack
% Pure poly(A)* RNA

Lysis/Binding Buffer
H Homogenization

[

Capture

Remove

rRNA/probe complexes

24



rRNA removal by RiboZero depletion

Epicentre

Hlumina

Ribo-Zero

24.04%

31.94%

32.05%

Arabidopsis

0.09% ,0.12%
2.14% ﬁvf—1.53%

22.03%

Ribo-Zero Gold

M Aligning exomic
m Partial exomic

2L 28.10% i Intronic

% B Genomic
12.45% m 165 mtrRNA
1 12S mtrRNA
11285 mtrRNA

Zea mays

0.07% 0.03%

B Intronic

B Intergenic

' mRNA

B Cytoplasmic rRNA
B Chloroplast rRNA
I Mitochondrial rRNA




Strand-specific RNA-seq prep

Strand specificity >90%
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Transcriptome profiling: RNA-seq

AAA AAA

AAA
AAA

Select RNA fraction of interest
(poly(A), ribo-minus and others)

AAA s AAA
AAA AAA

AAA

l Sequence, map onto genome RPKM (FPKM)

— —— AT - —— Mapped Reads
Gene length (Kb) x total reads (M)

Quantitate
(relative, absolute, nonmolar and others)

<«

3x 2% 1x



SMRNA library prep - Directional

miRNA
3’ adapter ligation

RT primer annealing

5" adapter ligation

reverse transcription

“‘-“‘- “- |‘-|

PCR bar-coding
sequencing primer l'
.. MIRNA bar-code
inal l
ey,  inal |ibrary
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.



4. Epigenetic sequencing

e ChIP-seq
e Histone-IP



ChiP-seq procedure
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Analysis and visualization

Peak calling
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Anti-K27me3

B. Guide/Scaffold

(a) Gene activation

Methylation
MLL2
D@nn“'
.“aﬂo"
JMID3  yTX K2
e

L

PAN RNA

(b) Gene Repression

Ezh2
EE

SUZI

me3d
PAN RNA
chr20 S00 Kb} { ng18
DP 61,100,000 61,300, 000| 61,500, 000| 61,700, 000| 61,900, 000| 62,100, 000| 62,300, 000|
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ChiIP-seq Experimental Design

H3K4ma1/2/3

ad bl Bl e bl o b .‘L“_-_. - . Y.

Transcription Factors

A - 1 . -1 LS .L [ S —_— - A -
Nascent RNA(+/-)

bl bl o B e Bl o m& Maskidaddondelosindoy bl

RelSeq Genes

' &

ChIP-Seq
Experimental design and
analysis strategies

Sven Helinz
UCSD

http://pharmacology.ucsd.edu/graduate/

COUrs

einfo/BIOM?Z31-5P13_8_ChIPseq.pdf




Planning ChIP-Seq

Sample: ~0.1 - 150 million cells; biological
replicates; controls & INPs

Require: ChIP-grade antibody with high specificity
(must be able to recognize its epitope under
cross-linked conditions). Compare targets in ChlP-
PCR vs WB. Most histone modifications work well,
but many are highly correlated...

Use well-working and -accepted marks:
H3K4mel/2/3, H3K27ac/me3, H3K36me3

Carrier DNA blocking not preferred



5. Amplicon sequencing

e Two-step PCR
* Nextera XT tagmentation



Amplicon library: 2-step PCR

m \\
15t round: DNA S~ Qr—
7/

@ cleanup

Amplify ROI
Index adapter oligos from ILMN: contain P5/P7 adapters
— to make template compatible with flow cell, also
contains a unique sample index

2" round: — i

add indices + adapters

cleanup

Best: 400-600bp — E—

P5 Index Insert to be sequenced Index P7
1 2



Nextera Library prep - Tn tagging

Transposomes

<-J\ @ Genomic DNA

AT 2
¥

¥ Tagmentation

~ 300 bp

\ 4

Ps\
Index 1

Read 2 Sequeancing Primer —'\\ Indox *
-

NP7

¥ 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

36

http://www.gtbiotech.com.tw/products/Nextera_XT_DNA.asp



6. Single cell/ Low input sequencing

Methods:
 Smarter (Clonetech)

* Transplex (Sigma-Aldrich)
e C1 + Nextera
e ThruPLEX (Rubcon Genomics)

Issues:

* Contamination

e Reproducibility

e Sensitivity

e Correlation to bulk



Single Cell Genome Sequencing Workflow

Laser
U Capture DNA Extraction
v/ Microdissection
Environment OR A%@(
Sample
FACS M %
" o RN
OR Cell
: Isolation
Tissue Microfluidics
: SNP/CNV/ \' CCTCATGGATAGATTAAT
" Cell Types m 5 <4 <
Identification |  macccamaceroacss
Analysis Sequencing Sequencing
Library

http://en.wikipedia.org/wiki/File:Single_Cell_Genome_Sequencing_Workflow.pdf



Single Cell RNA Sequencing Workflow

Solid Tissue

Cell Types
Idennﬂcanon

Single-cell
Expression Profiles

Dissociation

CAAGTTCCTACAGCTA
AGTCCATGCCCATCCG
AATCGGACTTCAGCCT
GACCTAAGCCATCAGA
AATCCTAGCATCCAGC
ACCGTTACATCAACAG
ATTCGATAACGACCAT
CATGCCATTGACGATT

Sequencing

-.—»\5

Single Cell Isolation

RT& Second-strand

Synthe3|s

X%:t
cDNA

VT , OR
Amplified V:S

RNA ..l_\g‘\,{'

RT ‘ PCR

/\J

Amplified cDNA

RNA

S\
o~
e

Sequencing Library



SPDEF SPINK4 STMN1 TCF7L1

TCF7L2 TERT TFF3

TOP2A
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i Single cells Bulk cells
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Summary of NGS Expt. Design

Application type

Sample nature

Biological replicate (n=37?)
Control set?

Seq. format and coverage depth
barcode multiplexity

Sequence bias

NGS bioinformatic algorithms

PO Gl e =



Sample
purification

Library prep

Capture
panel

Seq. format

Read length

Data scale
(per sample)

Issues

General NGS project design

gDNA

genome,
amplicon

Sonication,
Tn tagging

miRNA
total RNA,

RNA-seq

poly-A,
rRNA-depletion

Strand-

ds-cDNA, c
specific,

Strand-specific

Design concept, total length,
genes in panel, genome divergence

SR or PE
50~300nt

Assembly:
Cov: 50~100X

Re-seq Cov: >30X

genome size,
complexity,
Repeats,
GC%

SR or PE SR
10~200nt 50nt
Assembly: N
50~100X 2720 M
Re-seq: >30X

Splicing, fusion?

# bio. replicates,
time course,
mostly RNA>120nt

only mature
form

PAGE sizing

ChiP

PCI/EtOH ppt,
spin column

Single cell

SR or PE
100~150nt

10~30M reads

Ab (sen. & spec.), Amp. bias,

Control, Contamination,
replicates(?) Cell lysis effic.,
n size =?



¢ Omics combination

e examples



Identify operons & gene clusters in Amycolatopsis orientalis

Genome +
Metabolome

AOQOV de novo 454 only
Total# Reads 992,862
Tatoal # fBases 423,153,549
# Contigs 119
Assembled Bases 9,786,980
N50ContigSize 185,605
avgContigSize 82,243
largestSize 663,909
a/fpipeline process  454+GA
numberOfContigs 106
numberOfBases 9,787,625
N50ContigSize 223,668
avgContigSize 92,336
largestSize 663,912

(avg. 77% GC)

a

thiC thiD thiD
H H D
orf 13945 13947 13950 13954 13957 13961 13960 -
13952 e
""""""""""""""""" thiG  thiS thio thiE
1kb - >< -
13964 13966 13967 13971 13972 13974 13975 13976
b 0
This™ "O
lMer*1
wgn
: 0
ThiG
H ; / i}
)OK/?\/O 2'_ThIG, HN - OH This)ks e OPOsZ
Me : POs /S(?\/OPOSZ- N N s
OH Me HN7 €Oy NS
o] * .
DXP thiazole phosphate
TThiO
HNCOy ThiE
lycine Me. N
gly W X Me .
m— NP O OPOg3
N N\
</ ]\ NH, NS
N Me N Me N iami
2:0,P0 ° NHy . NS thipee S thiamin monophosphate
- N~ OPO5% N~ OP,06>
OH OH NH NH
i S ’ ThiL*!
5-am|r_1k?|rr_1(|jd azole hyd roxyrr;]ethyrll pyrimidine hydroxymethyl pyrimidine
ribotide phosphate pyrophosphate MeYN y
N e
N‘ AN OP,0¢%
. ) . ) . ) NH, N-s
Sasaki et. Al., 2014, “Co-opting sulphur-carrier proteins from primary metabolic L
thiamin pyrophosphate

pathways for 2-thiosugar biosynthesis.”, Nature, 510(7505), 427-431




Genome +

ranscrivtome @€NE Model curation
Align transcripts to genome: help select ORF

File View Tracks Regions He

s27scafvi23fasta | v |[scafl w | scaf1:1,034,207-1,036,711 Go, it « &M = Q2 (S REANRRNANE] ANARNE
1
2,503 bp
035000 0360
3 L I I I -
Sequence -
genemark_hmm_v1.2.
efix.gtf
- AR S R o | O G s e B B < | >
fusei wngi ne_244 Fgene_245 Fgena_24
CUFF.169.1
CUFF.168.1
transcripts.gtf
| ——— e e e e aaEa B ea s s e e e e e e ¢ ¢ ¢ :
I S A I S S T
T e e e S e e O T e T ey e G G G e G ) ¢ &
R T S S (R ¢ <] (R T S S T
blat_s27-v1.2.3isotig-nt.ff
e Cufflinks predicted isotigs is too long that
extend into other genes
5 tracks loaded scaf1:1,035,013 | |151M of &050M]

By: Ting-Chun Chen



Transcriptome Omics combination

+ proteome

de novo transcriptome assembly and gene hunting for a cellulolytic fungus.

Total extraceullar GS FLX454 lllumina GA Il
Protein (rice straw) cDNA reads RNA-seq reads
(feedstocks mixture) (rice straw)
~L ~-
f FPLC ) [ SeqClean b
(fraction of celluase activity) (Remove polyA/T tail)
\ J \ J
~- ~P
(~ = (™ cAP3 B
SDS PAGE & zymogram (Sequence assembly)
\ J \ J
~{= Active band extraction -
r ey e A e 1 r ootarf \ r . \
Table 3 Expressed cellulase- and hemicellulose-degrading enzymes of Neocallimastix patriciarum arranged by GH
family®
Cellulase Hemicellulase
Putative GH family 1 3 5 6 7 9 12 45 48 61 10 11 26 29 43 51 53 54 62 67 74 95
Neocallimastix patriciarum W5 7 10 20° 33° 12° 14° 12° 21° 150 4° 20° 1
Neurospora crassa OR74A 19 7 3 5 11 14 4 2 1 7 1 1 1° 1° 1
Magnaporthe grisea 70-15 219 13 3  6° 301 17 5 5 4° 19 3 1 1° 3® 1% 1
Aspergillus nidulans FGSC A4 3 20 15 2 3 11 9 32 3 15 2 1 1° 2 1° 2® 3P
tiay ASPErgillus niger CBS 51388 317 10 2 2 4° 1 4 1 1 10 4 211 121 2
igu
\— Aspergillus oryzae RIB40 3. 23° 14 1 3 4° 4 4 1 203 1 1® 2 1° 3°
Leptosphaeria maculans v23.13 3 13 15 3 3 3 2 20° 3 2 T 1 11 3 1 1 1° 1
Trichoderma reesei 2 13 11 1 2 2 1 2 13 2 1 1°
3GH: glycosyl hydrolase; CAZy: Carbohydrate-Active enZYmes database. "Highest gene number among fungi from JGI database and CAZy annotation. “Adapted
from JGI database. S

Wang et al. Biotechnology for Biofuels 2011, 4:24



Genome +
Transcriptome

Gene ontology

0 5 10 15 20 25 30 35 40 45
pa50:Cytochrome_P450 E— 42

CypX L}
PLN02426 I
bifunctional_CYPOR NN 6
PTZ00404 .
PLN03112 .
SIR_like2 )
PLN02966 W
PLN02500 Y]
CyPoR_like i

SIR | B
CYPOR_like_FNR B
CYPOR_like B
CYPOR | B

Distribution of P450 genes in different cytochrome
P450 domain categories.

Tissue-specific DEGs
832 AM

Clustering of DEGs
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Lu et al., 2014. PNAS.
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The two NGS platforms have gone through timely upgrades and capacity expansion through new
acquisition.

Sequencing Data Download

: % * Pydio
lllumina HiSeq-2500 . SETP

lllumina MiSeq

Related Web Links

« |llumina

* Roche 454

= NCHC NGS Software Platform (%
(=3 TEZL)

« lllumina platform : the current models include two HiSeq2500 and one MiSeq sequencers.
Sequencing can be single-end (SR) or paired-end (PE) format. Read length can be defined
aceording to the lenath mnst suitahle to the desired annlication. Mate_nair lihrarv i standard

Thank you!



