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llumina

454

PacBio

lon Proton

Minlon

Sequencer comparison

SBS 100-250bp <200 million/lane
PE

Pyrosequencing 4-800bp 1 million /plate

Single molecule  10-15,000 >50,000 /SMRT cell
bp

Pyrosequencing ~170bp SE  ~70 million

Nanopore 300-50,00 1-50,000
Obp

30-80 Gb

4-800 Mb

500+ Mb

9 Gbp

0.1-1Gbp

1-11
days

10
hours

1-4
hours

3 hours

1-48hrs




lllumina HiSeq sequencing

DNA
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Pyrosequencing
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llumina

454

PacBio

lon Proton

Minlon

Sequencer comparison

SBS

Pyrosequencing

Single molecule

Pyrosequencing

Nanopore

High throughput
Low cost/Gb
Protocol support
Software support

Long & accurate reads
Software support

Very long reads
Random errors

DNA modification calls
Software support

Cheaper machine
High throughput

Small & portable
Long reads

Short reads
Low complexity issue
Some GC/AT rich errors

Low throughput
Very high cost
Homopolymer errors

Low accuracy
Low throughput
High cost

emPCR needed
Homopolymer errors
Software support

Low accuracy
Low throughput
Cost??




Why sequence?

1.de novo

Genomic sequence empowers genetic
analysis.

2. Resequencing
Understand the nature of genetic variation.

3. Counting

Functional genomics e.g. gene expression
etc.




de novo genome assembly
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PacBio

de novo genome assembly —

500Mb/cell

Genome

<5kb  Long reads

Preassembled

reads —_ — T ——— ok
- x I T X I g J K X X [ . X to finished

Construct
reassembled
>5kp Longest ?eads
‘seed’ reads

e S s Assemble

genome

Strey Dt

oslicolor (M145-AL645882) [Kpni]

long reads

N50= 7.1Mbp
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Optical mapping

Long range information 150kb-2Mb
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Resequencing variation Types

» Cytological level:
— Chromosome numbers

— Segmental duplications, rearrangements, and
deletions

 Molecular level:

— Transposable Elements
— Short Deletions/Insertions, Tandem Repeats

* Sequence level (WGS/Exomes):
— Single Nucleotide Polymorphisms (SNPs)
— Small Nucleotide Insertions and Deletions (Indels)




Duplications/CNV - depth and heterozygosity
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Molecular level variation (10s-1000s bp)
" | _ 2Q0bp
ormal mapping Reference
sequence
Abnormal distance 600bp
* insertion/deletion
-> <+
Abnormal direction
= inversion
T =
Pindel, Breakdancer, GATK - confirmation by local assembly
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Local
realignment

structure

genotypes

Duplicate
marking

Structural

Variant quality
recalibration

variation (SV)

Base quality
recalibration

l Analysis-ready ) . ( 3 ] ......
Output s Raw variants

Analysis-ready
variants

Phase 1: NGS data processing Phase 2: Variant discovery and genotyping Phase 3: Integrative analysis
——— Typically by lane Typically multiple samples simultaneously but can be single sample alone
. Sample 1 Sample N . Raw Raw Raw
Input Raw reads eo0eo T ' SNPs l SVs
L )
Mapping [ . External data .
! l Known )
Fedigrees variation
Population Known

DePristo et al. Nature Genetics 2011 (GATK)
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De novo assembly for genotyping

Repeat

~ /g

Homozygous

—O~ L

Repeat Polymorphic site

Cortex: Ilgbal, Caccamo et al. Nat. Gen. 2012
DISCOVAR: Weisenfeld et al. Nat. Gen. 2014

Alignment based tools have reference bias
Cortex & DISCOVAR better at calling indels & SVs

Optical mapping for SV, CNV and maybe haplotypes?
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Whole Genome Sequencing

+ Possible to call all variants
- High cost 1 sample per lane @25x
Few samples = lower statistical power

Whole Exome Sequencing

+ All coding, and some flanking genic variants
- Medium cost 8-24 samples per lane @ 50x
More samples per $XXX = more statistical power

Targeted Sequencing

+ Variants in small regions
- Low cost 96+ samples per lane
Most samples per $XXX = highest statistical power




_
Targeted re-sequencing vs

Whole exome sequencing (WES)
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Repeats masked out

Primarily coding exons only

Probe design
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1. Genomic DNA
Region A Region B Region C

2. Library Preparation

3.Hybridization

§§> "

\ Next-Generation
Q Sequencing Adaptor

DNA Enrichment (Nimblegen)

v

Streptavidin 4. Bead Capture
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5. Washing
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6. Amplification

7. Enrichment QC

*\

8. Sequencing
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Gpg c "CGCATCTCAGGAGA
AcsccrogTACAACTAGS




Counting tags
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Future developments

L onger reads
*Better de novo assemblies
*Haplotypes calling
«Structural variants

Epigenetics
*Single molecule sequencing direct detection

Low input sequencing
*Few or single cells

Cloud based computing
Corporation:  Amazon, Google cloud etc.
*Public: Galaxy, iPlant etc.




3'Y generation sequencers

Template Amplified
Read length Short
Accuracy ~99%

Speed 1 day> 2 week
Epigenetics Indirect
Cost/Gb Low

Single molecule
Long

70-85%
Minutes

Direct

High but falling
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Pacific Biosciences RS
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Zero Mode Waveguide

H Emission
HHumnination
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(v] SEQUENCING

Samples Plate ID: Virus Identification 1

Well SMRT Cell Sample Duration Sequencing Well BO1, SMRT Cell 2
Virus A 10 mins Base Calling

Virus B 10 mins Sequencing

Virus C 10 mins Cell Prep

Virus D 10 mins Cell Prep

Virus E 10 mins Not started

Virus F 10 mins Not started

Virus G 10 mins Not started

Virus H 10 mins Not started

Estimated Time
Remaining 1 hrs » 1 9 mins

500+Mb 240min run
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PacBio Base Modification sequencing
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Figure 2. Principle of detecting modified DNA bases during SMRT sequencing. The presence of the modified base in
the DNA template (top), shown here for 6-methyladenine, results in a delayed incorporation of the coresponding T

nucleotlde i.e. longer interpulse duration (IPD), compared to a control DNA template lacking the modification
(bottom).
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S-mC S=-hmC

4-mC 6=-mA

e o
NZ N = r" n =
/ N NH N
e <,§I; <IX, <L

DNA modifications
NH, NH, NH, | NH, OM
NF A NZ N NZ AN 0 NZ S 0

N 0 N
3 3
5-1C S-caC

NH;

8-0x0G 8-0x0A

Figure 1. Molecular structures of base modifications induding 5-methylcytosine (5-mC), 5-
hydroxymethylcytosine (5-hmC), 5-formylcytosine (5-fC), 5-carboxylcytosine (5-caC), 4-methylcytosine
(4-mC), 6-methyladenine (6-mA), 8-oxoguanine (8-0x0G), and 8-oxoadenine (8-0xoA).




Pacific Biosciences v Oxford nanopore

$700,000
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Oxford Nanopore Technologies

* Nanopore sensing based on disruption of ion
flow through nanopore.
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Oxford Nanopore Technologies

 Template, Complement and 2D reads.

Movement Scheme

> o
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{> Proprietary enzyme feeds the template and complement through custom nanopore
1> Truly “free-running” system — enzymes self load and strand exits automatically




Oxford Nanopore Technologies

GTGGCAGGAGGTCGCGCTAACAACCTCCTGCCGTTTTGCCCGTGCATATCGGTCACGAACAA
GTCGGAGAATTTCGCG-TAACA--CTCCTGCCG--TTGCCCGTGCATATCGGTCACGAACAA

ATCTGATTA-CTAAACACAGTAGCCTGGATTTGTTC--TATCAGTAATCGACCTTATTCC-T
ATCTGATTAGCT-AACACGCTAGCCTGGA-TTGTTCGTTGACAGTAATCGACCTTATTCCTT

AATTAAATAGAGCAAATCCCCTTATTGGG--GGTAAGAC-ATGAAGATGCCAGAAAAACATG
AAGTGA--CGAGC-AATCCCC————— GGGCTTCTAAGACGGCGAAGATGCCAGAAACA-GTG

ACCTGTTGGCCGCCATTCTCGCGGCAAAGGAACAAGGCA-TCGGGGCAATCCTTGCG-TTTG
ACCTGCAGGCCG-GACCCT-————-- AAAGGAACAAGGCATTCTAGGCAATCCTTGCGITTTG

CAATGG--C---GTACCTTCGCGGCAGATATAATGGCGGTGCGTTTACAAAAACAGTAATCG
CAATGGGCCATTGTA-CTTTGGGGACCAT-TAATGGC--T-CGTTTAC--AAACAG-GATCG

ACGCAACG-ATGTGCGCCATTATCGCCTAGTTCATTCGTGACCTTCTCGACTTCGC-CGGAC
ACGCAAAGCATG---G--ATGAT-GCCT-G---ACCCCTGA-TTTCTCGACTTCGCTAGGAC

Reference
MinION read (mismatchs)
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Low input sequencing (RNA-seq)

genes genes genes
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Low input sequencing (RNA-seq)
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Zhigang Xue et al. Nature 2013




Cloud computing - Galaxy

» Galaxy is an open, web-based platform for
data intensive biomedical research
https://usegalaxy.org/

Premade
Bioinformatics
workflows

€« C' £ https://usegalaxy.org

Galaxy Analyze Data
Tools L
coarch tools ) Galaxy is an open source, web-based platform for data intensive biomedical research. If you are new to Galaxy start here or [
consult our help resources.
Get Data
ift-Over

Text Manipulation

Convert Formats

FASTA manipulation
ilter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis
Evolution

M Tools

Multiple Alignments
Metagenomic analyses
Genome Diversity

NGS TOOLBOX BETA
Phenotype Association
NGS: OC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: GATK Tools (beta’
NGS: Peak Calling
NGS: RNA-seq

NGS: Picard (beta
NGS: Variant Analysis
NGS: VCF Manipulation
SnpEFf

BEDTools

EMBOSS

ets by @galaxyproject

Running Your Own

An in-depth tutorial

7)) iPlant
\+#/ Collaborative-

[ Zhve)
The Galaxy Team is a part of the Center for Comparative Genomics and Bicinformatics at
Penn State, and the Department of Biology and at Johns Hopkins University.

=
W
JOHNS HOPKINS

UNIVERSITY

TACC

This instance of Galaxy is utilizing infrastructure generously provided by the iPlant
Collaborative at the Texas Advanced Computing Center, with support from the National
Science Foundation.

The Galaxy Project is supported in part by NSF, NHGRI, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Johns Hopkins University.

This is a free, public, internet accessible resource. Data transfer and data storage are not encrypted. If there are restrictions on the way your research data can be stored and used, please consult your local
institutional review board or the project PI before uploading it to any public site, including this Galaxy server. If you have protected data, large data storage requirements, or short deadlines you are
encouraged to setup your own local Galaxy instance or run Galaxy on the cloud.

Galaxy changeset




The Open Door Workshop

Additional resources

CONTACT US MY BASKET MY ACCOUNT

OXFORD JOURNALS

BN RS EER AT e A

Bioinformatics

Oxford Journals > Life Sciences &

Mathematics & Physical Sciences > Bioinformatics > Next Generation Sequencing

NEXT GENERATION SEQUENCING

. THE JOURNAL

o http://www.oxfordjournals.org/our journals/bioinformatics/
nextgenerationsequencing.html

* Training:
http://www.ebi.ac.uk/training/online/course/ebi-next-
generation-sequencing-practical-course

e Forums: nhttps://www.biostars.org/
Rt fseganswerscony




