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Outlines

• Evolution of sequencing technologies
– Sanger vs New Generation Technologies

• NGS platforms and comparisons
• Data output
• Applications
• Public database
• Challenges



I. Convntional sequencing



Sanger - Inventor of chain-termination 
dideoxynucleotide method for sequencing 



Sanger Sanger –– radioactive radioactive dideoxydideoxy sequencingsequencing



SangerSanger-- ChainChain--terminationtermination by fluorescent dyeby fluorescent dye

genomicseducation.ca

• Fluorescently labeled ddNTP

• Irreversibly terminated

• High raw accuracy

• Read lengths: up to 1000

• 384 samples /  run



Fluorescent DyeFluorescent Dye--Terminator Cycle SequencingTerminator Cycle Sequencing



Nature 409, 860-921(2001) 

Shotgun Sequencing



Nature 409, 860-921(15 February 2001) 

Library factory -
Whitehead Institute

Sequencing factory -
Sanger Institute



NGS (NGS (NNext ext GGeneration eneration SSequencing) equencing) ––
benefits over Sanger sequencingbenefits over Sanger sequencing

• Massive parallel sequencing of shotgun libraries
• Use universal primer on adaptors

– No need for prior sequence knowledge (good for non-model 
organisms)

• No bacterial cloning (less representation bias), no 
walking

• No seq. gel pouring (fast, save labor)
• High throughput (great coverage depth)
• More cost-effective
• Diversified applications
• Various analysis tools available
• Higher sensitivity than array-based detection
• Fast evolving for even greater performance



II. Introduction of NGS



NGS platformsNGS platforms
• Current technologies

– Roche 454
– Illumina Genome Analyzer
– Applied Biosystems’ SOLiD

• Emerging sequencing technologies (3rd

generation)
– eliminate PCR amplification of templates
– true Single-Molecule-Sequencing (tSMS) technology
– Helicos, PacificBio, etc
– stability yet to be verified



Nature Biotechnology 26, 1135 - 1145 (2008) 

Nature Review Genetics 11, 31-46 (2010) 



Shotgun sequencing
• Random samplings
• Read length: Sanger (~1000 bps), NGS: 454 

(~400 bps), Solexa (75~110 bps)

Experiment

Sequencing 
data

Assembler

Contigs



Nucleic Acids Research, 2010, 1–9

454 Library prep454 Library prep



454: 454: emPCR/pyrosequencingemPCR/pyrosequencing



Sequential nucleotide flow & full imagingSequential nucleotide flow & full imaging

Genome Sequencer FLX Multimedia Presentation: Watch this short flash presentation describing the GS FLX 
Instrument and an overview of the technology involved in a sequencing run. 
http://www.roche-applied-science.com/publications/multimedia/genome_sequencer/flx_presentation/wbt.htm

Genome Sequencer FLX Standard Series Workflow Presentation: Follow this interactive tutorial through the 
entire GS FLX system workflow, from sample prep to data analysis. (Note: This presentation does not describe GS 
FLX Titanium series workflow.) 

http://www.454.com/products-solutions/multimedia-presentations.asp

http://www.youtube.com/watch?v=bFNjxKHP8Jc&feature=related



http://www.youtube.com/watch?v=kYAGFrbGl6E

T C A G



One full run 454 Seq.:
Total = 101 Mb



GS FLX Throughput
Multiple Gasket Formats and Plate Sizes Provide 
Flexibility in Sample Loading and Throughput

70 x 75 PicoTiterPlate
• 2- lane gasket
• 4- lane gasket
• 8- lane gasket
• 16- lane gasket



Solexa: Reversible terminator / SBSSolexa: Reversible terminator / SBS



http://www.youtube.com/watch?v=77r5p8IBwJk&feature=related



Illumina GA – Flow cell imaging



SOLiD: 
ligation & 
2-base 
encoding



SOLiD: ligation & 2-base encoding

http://www.youtube.com/watch?v=nlvyF8bFDwM&feature=related



Commercial NGS platforms

GS FLX Titanium
(Roche 454)

Genome Analyzer IIx
(Illumina/Solexa)

SOLiD3 
(ABI)

Sequencing 
chemistry Pyro-sequencing

Polymerase-based 
sequencing-by-
synthesis

sequential ligation 
with dye-labeled 
oligonucleotides

Amplification Emulsion PCR Bridge amplification Emulsion PCR

Starting DNA (µg) 3-5 µg 3-5 µg 3-5 µg

Output/run 400-500 Mb
up to 50 Gb/run 
(PE2*120)

(6 Gb/channel)
60 Gb/run

Read length (nt) avg 400 nt 36, 75, 100 nt 35-50 nt
Time/run 10 h 4, 8, 12 days (PE) 6-12 days
Data 
processing/run 16 h 2-5 days 2-4 days



Facts about 454 GS FLXFacts about 454 GS FLX
• Pros:

– Long reads for better assembly; suitable of de 
novo sequencing

– Shorter time required for sequencing and data 
processing

• Cons: 
– Error-prone in homopolymeric regions
– Higher cost
– Sample preparation is labor-intensive



Facts about Illumina GA/Solexa Facts about Illumina GA/Solexa 
• Pros:

– Greater output 
– More affordable
– High number of reads provide greater depth and 

sequence confidence
– Sequence one base a time (no homopolymer

concerns)

• Cons: 
– Short reads; mostly for applications with available 

genome information
– Takes longer time to run and process data
– Demanding for computing power and data storage



III. NGS data output and de 
novo assembly



General terms for NGS

• Read: a sequence from one template of the 
sample library

• Contig: a set of overlapping DNA segments 
derived from a single genetic source; assembled 
from overlapping reads

• Coverage: the average number of reads 
representing a given nucleotide in the 
reconstructed sequence

(= total read length / genome size)



Phred quality scores Q (base calling)

• Phred quality scores Q are logarithmically related to error 
probabilities P by Q = [ − 10.log10(P)]. For example, if Phred
assigns a quality score of 30 to a base, the chances that this base is 
called incorrectly are 1 in 1000. The most commonly used method is 
to count the bases with a quality score of 20 and above. The high 
accuracy of Phred quality scores make them an ideal tool to assess 
the quality of sequences.

99.999 %1 in 10000050

99.99 %1 in 1000040

99.9 %1 in 100030

99 %1 in 10020

90 %1 in 1010

Base call accuracyProbability of incorrect base callQuality of Phred Score



NGS applications

• De novo sequerncing & assembly
– New genome or transcriptome
– Alternative splicing
– Metagenomics

• Re-sequencing with reference genome
– Variation discovery (SNP, INDEL, CNV)
– Transcriptome quantification
– ChIP-sequencing
– New gene discovery



* Newbler v2.3

De novo Assembly / genome coverage



Time elapsed



Assembly - overlap graphs

Source: Illumina



Assembly – de Bruijn graph of k-mers

Source: Illumina



Short-read assemblers

Source: Illumina



Source: Illumina

How much is enough?



How much is enough?

Source: Illumina



Paired-End vs Single Read

Source: Illumina



Bridging helps contig connection

Source: Illumina



Clean up the data!

Source: Illumina



IV. Other NGS applications



ReRe--sequencing apps.sequencing apps.
• ChIP-seq (DNA-protein interactions)

– Regulatory protein binding
– Chromatin modification and packaging

• Transcriptome sequencing
– Transriptional networks
– discover novel genes, splicing variants,  and 

ncRNAs



Short-Read Alignment Tools

D. J. Turner et al.: Next-generation sequencing of vertebrate experimental organisms

*

*
*

*

*

*

BWA



Structural variations



gDNA
contig

contig1 contig2 contig4

contig1 contig2 contig3 contig4

contig1 contig3 contig4

c1 c2 c3 c4

Isotig1

Isotig2

Isotig3

RNA-seq.

Verify onto genome draft



Genome AnnotationGenome Annotation
• Predict ORF (start and stop codons)
• Predcit exon vs introns
• Six-frame translation
• Assign gene function by known biological 

function of homologues (BLAST)
• Rely heavily on existing biological 

information
• Pathway clustering
• Require manual inspection and evaluation



Human Genome Projects (diploid)Human Genome Projects (diploid)

• 2007: Sanger capillary sequence

• 2008: James Watson (454; 7.5X genome 
coverage)

• 2008: a Chinese & an African (Illumina; >30X 
coverage)

-> all found ~ 3M SNPs (3/4 are previously known 
sites)





NGS NGS -- a replacement for a replacement for microarraysmicroarrays??
Not exactly.Not exactly.

NGS applications:
• Comparative genomics
• ChIP-seq
• Sequencing novel transcripts
• Digital Gene Expression
• RNA-seq: 

– Wider detection dynamic range than arrays
– Highly reproducible

•screening by array is fast; various chip selections for model 
organisms
•combine with NGS to enrich fragments of interest for 
sequencing (Capture-sequencing)



Capture sequencing: array-based

www.nimblegen.com



Capture
Sequencing:
bead-based



MetagenomicsMetagenomics

• “Who’s there?”

• Environmental samples

• Infer relative abundance in the 
ecosystem

• “human microbiome”
– NIH “RoadMap” medical research





camera.calit2.net/education/what-is-metagenomics

MetagenomicsMetagenomics



Challenges and future directions

• Ever-increasing demand for computation 
resource
– Data management (analysis & archiving)

• New sequencing technologies 
(greater data output & longer read length)

• Requires rapid evolution in software 
modules and pipelines

• Build up open-source community for the 
tools



International consortium announces 
the 1000 Genomes Project.

Public release date: 22-Jan-2008http://www.wired.com/wiredscience/2008/01/the-genome-in-h/

Any two people have 99% identical DNA. 



Genome sequences are important



Public NGS Databases

ERA (European Short Read Archive)

NIH Short Read Archive





Picture from google image



Solexa vedio

• http://www.illumina.com/media.ilmn?Title=
Sequencing-Workflow-
Video&Cap=&Img=spacer.gif&PageName
=illumina%20sequencing%20technology&
PageURL=203&Media=10



AB SOLiD video

http://marketing.appliedbiosystems.com/im
ages/Product/Solid_Knowledge/flash/102207/
solid.html


