
Next-Generation Sequencing 

Informatics Challenges



Next-Generation Sequencing

• Technology changes have revamped 
sequencing capabilities
– Increased throughput
– Decreased costs per base

• Informatics Challenges remain
– Assembly, alignment
– Resolving repetitive sequence



Outline

• Technology applied to biology
• Methods 
• Informatics applications



Types of Applications to Biology
• Genomic Resequencing

– Sequencing select genome regions, and comparing to a 
reference genome

• De novo assembly of novel genomes
– Needs lots of depth of coverage
– Works best for small (bacterial) genomes
– Paired ends and different size libraries 

• 454 technology
• RNA Expression

– Expressed genes and level of expression
• Protein binding to DNA (Promoters)

– Immunoprecipitation of Protein bound to DNA
• Primer-specific sequencing (16S RNA)

– Identifies communities of 16S RNA in microbe / samples
• Metagenomic sequencing (microbiome)



http://www.illumina.com/pages.ilmn?ID=203

Illumina: Solexa





Library Preparation
Using a series of standard molecular biology techniques, short adaptors (A and B) 
- specific for both the 3' and 5' ends - are added to each fragment. The adaptors 
are used for purification, amplification, and sequencing steps. Single-stranded 
fragments with A and B adaptors compose the sample library used for subsequent 
workflow steps.

One Fragment = One Bead
The single-stranded DNA library is immobilized onto specifically designed DNA 
Capture Beads. Each bead carries a unique single-stranded DNA library fragment. 
The bead-bound library is emulsified with amplification reagents in a water-in-oil 
mixture resulting in microreactors containing just one bead with one unique 
sample-library fragment.

emPCR (Emulsion PCR) Amplification
Each unique sample library fragment is amplified within its own microreactor, 
excluding competing or contaminating sequences. Amplification of the entire 
fragment collection is done in parallel; for each fragment, this results in a copy 
number of several million per bead. Subsequently, the emulsion PCR is broken 
while the amplified fragments remain bound to their specific beads.

454 Process



454 (Roche) 
• Beads with millions of copies of 

DNA are sequenced in parallel. 
• Polymerase extends the existing 

DNA strand by adding 
nucleotide(s). If a nucleotide 
complementary to the template 
strand is flowed into a well, 

• The Addition of one (or more) 
nucleotide(s) results in a 
reaction that generates a light 
signal that is recorded by the 
CCD camera. 

• The signal strength is 
proportional to the number of 
nucleotides, for example, 
homopolymer stretches, 
incorporated in a single 
nucleotide flow 



Enriching for portions of the Genome

• Agilent – SureSelect
– Liquid capture strategy



Nimblegen (chip hybridization)



Output from GenomeAnalyzer II
(Illumina – Solexa)

• Read length 36 or 75 nt  (100 nt  and more, soon)
– Paired-end reads as well as Mate-Pair reads

• 8 lanes per flow cell, 12-15 million reads per lane;   
96-120 million reads per flow cell. (one lane control)

• ~ 7Gbases per flow cell
• Accuracy is ~99%  

– (34-70 million errors per flow cell)

• For human (diploid) there are  ~ 6 Gbases of DNA so 
you would need 2 full runs  (only 1 at 75 nt) per 1X 
coverage of the genome.  To fully resequence you 
need at least 10-20X coverage (20-30 full chips at 36 
nt)



Data output and processing

• Image data output (tiff files)
– 100 tiles per lane, 8 lanes per flow cell, 36 cycles.
– 4 images (A,G,C,T) per tile per cycle = 115,200 images
– Each tiff image is ~ 7 MB = 806,400 MB of data
– 1.6 TB per 70 nt read, 
– 3.2 TB for 70 nt Paired-end read

• Illumina Pipeline:
– Firecrest (image analysis)

• Locates clusters and calculates intensity and noise
– Bustard (base calling)

• Deconvolutes signal and corrects for cross-talk, phasing
– GERALD – generation of recursive analyses linked by dependency

• ELAND – (Efficient large-scale alignment of nucleotide databases)



Other software applications 
for assembly and alignment

http://seqanswers.com/

http://seqanswers.com/�


Bioinformatics workflow

• Image extraction
• Base Calling, quality scoring
• Align reads to known sequence OR each otherr
• Assemble Reads
• Analysis of genes, regions
• Coverage, quantification
• Annotation



Sequence text output



Looking for mutations

• Consed (Dave Gordon)
• Identifying reads discrepant from reference
• Sorting/prioritizing that list to identify variants 

for lab followup (perl scripts)

Gordon, D., C. Abajian, and P. Green. 1998. Consed: A Graphical Tool for Sequence Finishing. Genome Research. 8:195-202

http://www.genome.org/cgi/content/abstract/8/3/195�
http://www.genome.org/cgi/content/abstract/8/3/195�
http://www.genome.org/cgi/content/abstract/8/3/195�
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Finding Variants (Discrepancies)



Perl Script for parsing and variant detection



Tabulating and Prioritizing Variations

• Identify variants within or near exons
• Identify if these are already known in dbSNP
• Determining whether synonymous or non-

synonymous changes at protein level 



Data from 
ChIP Seq 

experiments



RNA Seq Results



DH10B

W3110

Single lane of Solexa for E. coli Genome
(Genome Resequencing)



Conclusion

• Technology is available to rapidly change the 
application of DNA sequencing to biology 
questions without need to be a sequencing 
center

• Bioinformatics challenged to keep up and 
develop robust methods as the technology is 
rapidly changing and improving

• 3rd-Gen sequencing is less that 1 year away.
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