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Next Generation Sequencing



History of NGS

< 1977: Sanger Method (70Kbp/run)

- Sequencing by Hybridization (SBH); Dual end sequencing; Chromosome
Walking (see page 5-6 of Pevzner's text);

1987: Automated Sequencer (AB Prism)

1996: Capillary Sequencer (ABI 310)

2005: 454 Sequencing (6S 20; 60Mbp/run)

2006: Solexa Sequencing (Illumina; 600Mbp/run)
2007 : SOLiD (AB)

2009 : Helicos single molecule sequencer

2011 : Ton Torrent (PGM)

2011 : Pacific Biosciences single molecule sequencer

O 00000000

2012 : Oxford Nanopore Tech. ultra long single mol. Reads; so small that they
have put the whole technology into a USB drive.
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lllumina’s Sequencing-by-Synthesis

1. PREPARE GENOMIC DNA SAMPLE 2, ATTACH DNA TO SURFACH 3. BRIDGE AMPLIFICATION
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Randomly fragment genomic DNA Bind single-stranded fragments randomly to Acdd unlabeled nudectides and erzymwe 1o
and Bowte sdapters 19 both snds of the the inskde surface of the fiow call channels initiate solid-phase bridge amplification.

fragments.  http://www.illumina.com/content/dam/illumina-marketing/documents/products/techspotlights/techspotlight sequencing.pdf
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Solexa Sequencing

4. FRAGMENTS BECOME DOUBLE
STRANDED
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The erxymw incorperates mucleotides to
build double-stranded beicges on the sclid-
phase substrate.
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5. DENATURE THE DOUBLE.STRANDED
MOLECULES
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Dunaturation leaves singlestranded
templates anchored to the substrate.
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6. COMPLETE AMPUFICATION

Clusters

Several million dense dusters of double-
stranded DNA are gererated i each charesl
of the flow <ell



7. DETERMINE FIRST BASE

Solexa Sequencing

8. IMAGE FIRST BASH 9. DETERMINE SECOND BASH

Laser ' Laser
Frst chemistry cyde: to nitiste the firmt Afver laser excitation, capture the image of Secord chemistry cyche: to mitiate the
sequencing cych, acd al four labeled reversible emitted fluerescence from each chater on the next sequencing cycle, add all feur labeled
terminators, primers and DNA polymerase flow col. Record the identity of the first base reversible termisators and enzyme to the
enzyw to the flow cell. for each duster. flew cell.
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Solexa Sequencing

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

o L GCIGATETGCCGLCTICACTCOGGTGG

® G CACTCCIGTIGG
CICACTCCIGTGG
—dGCTCGATCTGCCACTTCA
GATCTCLCACITCALTC
a GIGCLBLCICACTCAIG
T

CTCCIGIGG
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After laser excitation, colect the image data Repeat cycles of sequencing to determine Alige cata, compare to a refererce, and
as before. Record the identity of the second the secuence of bases in & gives fragment dertify sequence differences
base for each duster. a single base at time.
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lon Torrent Sequencer

< Harness power of semiconductor technology
< During nucleotide synthesis, a proton is released
d This can be detected by measuring pH, not fluorescence

- The dNTPs are flowed over the surface in a predetermined sequence &
the ligations are detected
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PacBio Sequencing

< Single molecule technology
< Extraordinarily long reads
d Non-trivial error, but unbiased
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Assemblers

J TIGR Assembler (TIGR)

< Phrap (U Washington)

J Celera Assembler (Celera Genomics)

J Arachne (Broad Institute of MIT & Harvard)
 Phusion (Sanger Center)

d Atlas (Baylor College of Medicine)
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Applications of Sequencing

- Sequencing

- Resequencing
- SNP detection
JRNA-Seq

J CHIiP-Seq

- Metagenomics
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454 Sequencing: New Sequencing Technology

This technology, started in 2005 and is now being phased out
454 Life Sciences, Roche

Fast (20 million bases per 4.5 hour run)

Low cost (lower than Sanger sequencing)

Simple (entire bacterial genome in days with one person -- without cloning
and colony picking)

Convenient (complete solution from sample prep to assembly)
PicoTiterPlate Device

.Fiber' optic plate to transmit the signal from the sequencing reaction
Process:

.Libr'ar'y preparation: Generate library for hundreds of sequencing runs

.Amplify: PCR single DNA fragment immobilized on bead

.Sequencing: "Sequential” nucleotide incorporation converted to
chemilluminscent signal to be detected by CCD camera.
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(a) Fragment, (b) add adaptors, (c) “1 fragment, 1 bead”, (d) emPCR on bead, (e)
put beads in PicoTiterPlate and start sequencing: “1 bead, 1 read”, and (f) analyze
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emPCR

FIGURE 8

DNA Library Preparation Sequencing

—»

8 HOURS

Anneal sstDNA to an Emulsify beads and Clonal amplification Break microreactors

excess of DNA PCR reagents in occurs inside enrich for DNA-

Capture Beads water-in-oil microreactors positive beads
microreactors

gDNA sstDNA Library
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Sequencing

FIGURE 9

DNA Library Preparation Sequencing

—

7.5 HOURS

Well diameter: average of 44um
400,000 reads obtained in parallel

A single cloned amplified sstDNA
bead is deposited per well

Amplified sstDNA library beads ————————————» Quality filtered bases
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Sequencing

FIGURE 10

DNA Library Preparation Sequencing

———

7.5 HOURS

4 bases (TACG) cycled 100
times

Chemiluminescent signal
generation

Signal processing to
determine base sequence
and quality score

Amplified sstDNA library beads ————————» Quality filtered bases
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See note below
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Assembly Challenges

Figure 1: Ilustration of the HTS tech-
nologies. Dark thick line: genome be-
ing sequenced. Gray thick line: reference.
Small box on genome: SNP. Long box on
genome: deletion. The short, red lines are
the short sequence reads mapped to the
proper location. Light box on reads: vari-
ations. Dark box on reads: sequencing er-
ror. Paired end reads are connected by
dashed lines. Split-read: split into two seg-
ments.
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NGS Applications



Applications of NGS

JRNA-Seq

J ChIP-Seq

- SNP-Seq

< Metagenomics

d Alternative Splicing

J Copy Number Variations (CNV)
..
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RNA-Seq

Gene 1 Gene 2 Gene 3

* Align reads to genes and count
* Assume uniform sampling

.Coun‘r of number of reads mapped per gene is a measure of
its expression level

.Expr'ession of Gene 2 is twice that of Gene 1
.Expr'ession of Gene 3 is twice that of Gene 2
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Expression Level of Gene

JRPKM =Ng/ (N XL)
.Ng = Number of reads mapped to gene
.N = Total number of mapped reads (in millions)
.L = Length of gene in KB

.[Mor"razavi A, Williams BA, McCue K, Schaeffer L, Wold
B., Nat Methods. 2008 Jul;5(7):621-8. Mapping and
quantifying mammalian transcriptomes by RNA-Seq.]
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Complications

- Repeat regions
.Paralogs and other homologous regions in genes
.Ambigui‘ries In maps
d Introns and Exons
.Aligning reads to genome is more complex
d Alternative Splicing
d Transcription start site is upstream of ORFs
- Unknown ORFs and Small RNAs
d Other transcripts
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RNA-Seq Procedure
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Mapping Reads to Reference
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Alternative Splicing
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microRNA
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Chromatin Immunoprecipitation

d Useful for pinpointing location of TFBS for TF
d High-throughput method to find all binding sites for
a specific TF under specific conditions

JIdentify sites using
.ChIP—on—chip (Microarray technique)
.ChIP-Seq (Sequencing technique)

dProblems: TFs bind to specific TFBS only under
specific conditions - hard to predict
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ChIP-Seq
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SNP-Seq

d Align reads and look for differences

.Differ'ences to reference
>Align reads to reference sequence first

.Differ'ences within reads
.Differen

ads

LTTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC

CETTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC
L TTTTTGCACTCATTCATATAAATAATATATTTCCCCAC
L TTTTTGCACTCATTCATATCAAAAATATATTTCCCCAC
ETTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC
LT TTTTGCACTCATTCATATCAAAAATATATTTCCCCACK
ETTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC
TTTTTGCACTCATTCATATCAAAAATATATTTCCCCACC
TTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC
ETTTTTGCACTCATTCATATAAAAAATATATTTCCCCAC
{ACTCATTCATATCAAAAATATATTTCCCCAC
ICTSATTCATATAAAAAATATATTTCCCCAC
IAT-ZA.C«A.C«ATAfA TTTCCCCACC

CCCAC
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Environmental Microbiology

d Conventional methods
.Cul‘rur'e, then identify

>Slow, expensive, labor intensive, unculturable microbes

.PCR—based length heterogeneity studies

d Microarray-based methods
.Unique probes for organisms (e.g., Virochip)

>Only works for sequenced regions of known organisms

JdNGS-based methods
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Metagenomics

- Detect known pathogens

 Diversity
.Iden‘ri’ry of individual species not needed

J Functional profile of community
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NGS-based method

- Map reads against appropriate database
d Identify closest hits for each read

- Generate contigs

d Generate abundance information

d Clustering of reads can be beneficial to estimate
abundance
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