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What is ‘NextGen’ sequencing?

 Different chemistry from Sanger

« Sequences everything in a sample
* Host, pathogen, cells, etc.

» Sequences clonally amplified molecule

» Sequencing occurs In parallel

« Millions of sequences produced
concurrently

¢ Glgabytes Of Seq uences m> National Institute of

Allergy and
Infectious Diseases



What is ‘NextGen’ sequencing?

* Less time than Sanger
* Large capacity

* Multiplexing, variation detection, gene
expression, metagenomics

» Address various biological guestions

National Institute of
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Sanger vs Next-generation sequencing

100 of these.... = 1 of these....

GS-FLX Roche/454

ABI 3730x
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“Single Molecule Sequencing”
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Mapping seqguence reads to
reference

: Reference Genome Sequence
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Why use NextGen?

High rates of accuracy

Many reads per seguencing run
Faster time per sequencing run
Multiplexing capabilities

Decreased cost

Useful for many different applications



Number of sequences

Why use NextGen?

Sequencing Production as of 2013-08-25

= 2004: <100 influenza
genomes in NCBI

= 2013: 14,000+ influenza
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Genomics Analysis at the Population Level

Diversity
Molecular Epidemiology

Deep sequencing
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NGS: Things to Consider

= Each platform has advantages &
disadvantages

— Read length, accuracy, reads per run, time,
sequencing error rates

= Biology of the pathogen of interest

= What is your goal in sequencing?
— Complete genome -
— Speciiic region or gene NIH) ST



True Diversity or Error?

RNA polymerase
Error: 0.001%

454 substitution
Error: 0.03%
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1% Divergence

} Consensus of

Clusters to
Smooth out
errors




NGS: Things to Consider

= Sample preparation Is important
— Sequencing everything in the sample

Mammalian

RNA Reads
Mammalian 3%

mtDNA Reads
2%

Virus Reads

M Virus Reads

m Mycoplasma Reads

® Mammalian mtDNA Reads
® Mammalian RNA Reads

® Other Reads
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Summary

= Next Generation sequencing provides increasingly vital
information not previously available

= NGS technologies becoming more commonly used in
the field of infectious disease research

= Sequencing technologies, assembly and analyses tools
rapidly improving

National Institute of
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NGS Criteria to Consider

Ultimate goal

Sequencing platform(s)
— Coverage level/depth
— Read length
— Error rates

Sample preparation

Confirmatory sequencing

NIH)

National Institute of
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Outline

Some history of DNA seguencing

Overview of NextGen Sequencing Technologies at JCVI
Roche/454 Pyrosequencing
LifeTechnologies/lonTorrent Semiconductor Sequencing
lllumina/Solexa Sequencing By Synthesis (SBS)

Other technologies

J. Craig Venter
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Review - Sanger Sequencing

« Randomly shear DNA, put it in a vector, and amplify with
E. coli, or PCR amplify a region of a genome

- The Sanger sequencing reaction is like PCR, except
there is only one primer, and in addition to regular
nucleotides, there are also a small amount of dye
labelled dideoxy nucleotides, with a distinct dye for each
base

* As polymerase makes new ssDNA fragments, when a
dye labelled dideoxy nucleotide is added, extension
stops, and the fragment is labelled with a dye
corresponding to the last base added.

J. Craig Venter
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Review - Sanger Sequencing

- Over many cycles, fragments of all the different lengths
are formed, with each length fragment ending with the
dye corresponding to the base at that position

- Capillary electrophoresis in polyacrylamide gel is used to
separate the fragments by length and pass them by a
laser and reader to interrogate the base at each position

- The result is a chromatogram, that is then “base called”
using algorithms to output the most likely base at each
position, usually with an indication of accuracy of the
base call.

J. Craig Venter
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A chromatogram
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Sanger Sequencing

Think about the issues of scaling Sanger sequencing to
obtain 1 million reads

The E. coli clones or PCR reactions need separated
wells — 2600 384-well plates

To read the DNA from both ends, need double the
number of wells, and have to keep track of mate pairs —
5200 384-well plates

Also think about storage, pipet tips, labor required, etc.

So then came along Next Generation Sequencing (NGS)
Technologies

J. Craig Venter
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NextGen Sequencing Technologies
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454 GS FLX lllumina HiSeq 2000 Illumina MiSeq lon PGM
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http://www.illumina.com/images/systems/hiseq_2000.jpg

Sequencing Technologies in Use at JCVI

ABI
3730x|

454

llumina
HiSeq

llumina
MiSeq

lon
Torrent

Read
length bp

600-800

400-600

up to 100

up to 250

~150

Throughput
/machine run

75,000bp

400 Mb

up to 600 Gb

up to 8.5 Gb

900 Mb

Run time

30-60 min

7 hr

up to 12 days

up to 39 hours

up to 4.5 hours

Throughput | Accuracy

/day

1-2 Mb > QV 30

800 Mb QV 20

50 Gb ~80% bases
> QV30

52 Gb ~75% bases
»QV30

80%bases

> QV20
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Roche 454 Sequencing

 Library Construction
« Seqguencing Process Overview

J. Craig Venter
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454 Library construction

shotgun library

shotgun/paired-end library

'

nebulization 500-800b
-800bp
. e
end polishing *
adapter ligation *

'

Covaris

2-4 kbp

* end polishing

it

{ hairpin ligation

fill-in *

quantitation - emPCR - sequencing

500-800 bp

‘ EcoRl digestion

circularization

nebulization
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454 Massively Parallel Pyrosequencing
Process Overview

By -
b & 5 £ PN
B Py £
2% SR P ERriR:

2) emPCR 3) Load beads & 4) Perfo_rm sequencing by
amplification enzymes in PicoTiter synthesis on the 454
Plate™ instrument
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454 Instrument and Data Output

. TCAG COTAAGGTGATGTATAGG GGCTGACGCCTOCCCOGTGCTOOAAGOTTAAGAGGAGTGGTTAGCTICTGCGAAGCTAC GAR
GGGG
CcCC
GGAAGGTTAA
AAGG CcC GG I An
GG GGTT 1T 1 Al
:TC AGCGT |[T GA TGIATA CT GACG |[T G |T G CT GA | AGT G C|CT G CG| G CTACG
£N
1 I 1oz ‘r (10 £5 l JI! ‘1 j il 1 {Y '!.‘nq
| 006004 0 0 G G0 GO AG G LG P A GO LG G GGV AP AGGUAGGUAEGUAS GO A GO A GY A0 P GO an g as
A0 1001010011020 23001010010011100110400101001013100Z0100100I 220010010100 Z0ZOZTZTOL0LO0ZOL0LIOOZZTAOINO0LOZO0LO0L00L00LIOZO L0000
[ TCGAAGCCCCAGTAAAC GOCOGCCETAACTATAACGOTCCTALG GTAGCGARATTCCTTETCGOGTAAGTTCCGACCCOCACGAAAG GCOTAAC GATTTGGGCACTG
CCCC
AAA AAA GGG
CcCC 1T
AAA
GGG
Al Al cC Al
AA GG GGCCAA GG T SET AR TT GG
GGCC
A
| A A T G |G C
I TCG G GT C GICT, T T |[TAG CG GTCOT G A CG CGTCG A C ACT G
_'..‘, ] et I .rIHTI]![!I 1ol 11l H[r 1 nrl iR ][‘r

| €00 6 g g A U A G A G AL U ACFUACTUAGTUACTYAC GU MG JU A P AC GU A6 FUACTUACGUACTUACTY MG U AC GU 4G GU A0 GO ACTUACTUACTUAGTUAG GU 4G GU 40 GO A0 L

J. Craig Venter

I NS T I TUTE




454 Sequencing Workflow

Seqguencing by Synthesis

R Signal image

A GAAICGGCATGCTAAAGTCA

A

Sulfurylase

luciferin

Light + oxy luciferin

Anneal pri

*Bases (TACG) are flowed
sequentially and always in
the same order (100 times
for a large GS FLX run)
across the PicoTiterPlate
device during a sequencing
run.

* A nucleotide complementary
to the template strand
generates a light signal.

*The light signal is recorded
by the CCD camera.

*The signal strength is
proportional to the number of
nucleotides incorporated.

J. Craig Venter
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454 GS FLX Data

Image Processing Overview

ach well’ s data

1. Raw data
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Flow
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454 GS FLX Data

Flowgram Generation

4-mer <=t

3-mer <= i

> :_ ________________________________________________ X_________?/___'
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TJ ]‘
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Key sequence = TCAG for signal calibration
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Ion Torrent Sequencing

- Similar to 454, but rather than creating fluorescence and
measuring light, lon Torrent instead measures pH
changes due to protons released during base
Incorporation

* The lon Torrent chips are a massively parallel array of
the world’ s smallest pH meters

« As a semiconductor device, lon Torrent has been able to
make there chips denser and denser (more and more
wells), following the trend of the electronics industry

J. Craig Venter

I NS T I TUTE




Ion Torrent Sequencing

| Two bases -. i Two hydrogen ions |

are incorporated are released

J. Craig Venter
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Ion Torrent Chips

(yovernment Veteran Owned, Small Business Distributor
Scientific Source of Lab Equipment, Supplies & Consumables
800.248.8030 fax 703.734.1803 www.govscl.com

| | ll{ | IU‘ " 12 l'l 14 1
NI \]\lHMIIHH||I’|!‘HH!"M msir; mr';




PGM Se_quence?r




Illumina Sequencing

« Technology Overview
- Mate Pair Library Construction

J. Craig Venter
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Illumina Technology Overview (1)

1. PREPARE GENOMIC DNA SAMPLE

Randomly fragment genomic DNA
and Egate adapters to both ends of the
fragments.

http://seqanswers.com/forums/showthread.php?t=21v

2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

|
|
|

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

;dd uniabeled nudeotides and enzyme to--
initiate solid-phase bridge amplification.

J. Craig Venter
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Illumina Technology Overview

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES

7

X
e s
DPOLIAST,

3 -
[
<

The enzyme incorporates nudeotides to Denaturation leaves single-stranded Several milion dense dusters of double-

build double-stranded bridges on the solid- templates anchored to the substrate. stranded DNA are generated in each channel
phase substrate. of the flow cell.
http://seqanswers.com/forums/showthread.php?t=21v ). Craig Venter
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Illumina Technology Overview (3)

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

First chemistry cydle: toinitiate the first After laser excitation, capture the image of Second chemistry cyde: to initiate the

sequencing cyde, add all four labeled reversible emitted fluorescence from each dusteron the next sequencing cyde, add all four labeled
terminators, primers and DNA polymerase flow cell. Record the identity of the first base reversible terminators and enxyme to the
enzyme to the flow cell for each duster. flow cell

J. Craig Venter
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Illumina Technology Overview (4

10. MAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTIPLE 12. ALIGN DATA
CHEMISTRY CYCLES

®
G
© .
. GCIGATGTGCCGCCTCACTCCGGTGE
L]
® G CACTCCIGIGS
CICACTCCIGTIGG
l —»GCIGATGTGCCACCTCA
GATGTGCCACCTICACTC
GIGCCOCCICACICCIG
. . CICCIGIGG
© °=
® G  F— 2 Ll P
G
A ® e
& &
) ) \_, GCTGA.. _ )
After laser excitation, collect the image data Repeat cycles of sequendng to determine Align data, compare to a reference, and
s before. Record the identity of the second the sequence of bases in a given fragment identify sequence differences.
base for each duster. & single base at time.

J. Craig Venter
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Illumina Mate Pair

Library Construction

Fragment DMNA
Parferm End Repair
Biatin Label
Size-Select DNA

Circularize DMNA
Digest Linsar DMNA

Fragment Circularized DMNA

Purify Biotinylated DMNA
Perfarm End Repair

Actail
Adapter Ligation

PCR Enrichrment
Size-Select Library

Biotin Lakelled Fragment

Circularized Fragment

Fragmented Circles

Purifiecd Mate Pair Lirary
Fragments, Bound to
Streptavidin Beads

Mate Pair Ubrag' Fragments
with Cluster and Sequencing
Sites Attached

Mate Pair Lilbrary Fragments

with Cluster and Sequencing
Sites Attached

J. Craig Venter
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[llumina Flow Cells
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Other Technologies

- Pacific Biosciences — single molecule sequencing,
measures the incorporation of a single dye labelled base
at a time, by laser-excitation of an extremely small
volume that contains the polymerase and the DNA

- Oxford Nanopore — single molecule sequencing,
measures the electrical changes in a pore that arise
when bases enter and exit the pore.

J. Craig Venter
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