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DNA Sequencing
• In biochemistry, sequencing means to determine 

the primary structure of an unbranched 
biopolymer.  

• Sequencing results in a symbolic linear 
depiction known as a sequence, which succinctly 
summarizes much of the atomic-level structure of 
the sequenced molecule. 

• DNA sequencing is the process of determining 
the nucleotide order of a given DNA fragment. 

• Most DNA sequencing had, up until a few years 
ago, been performed using the chain termination 
method developed by Frederick Sanger in 1977.
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Genomes
• The genome sequence of an organism includes the collective 

DNA sequences of each chromosome in the organism.  

‣ For a bacterium containing a single chromosome, a genome 
project will aim to map the sequence of that chromosome 
and any plasmids.  

‣ For the human species, whose genome includes 22 pairs of 
autosomes, 2 sex chromosomes, and 1 mitochondrial 
chromosome, a complete genome sequence will involve 25 
separate chromosome sequences. 

• Genome projects are efforts that ultimately aim to determine 
the complete genome sequence of an organism and to 
annotate genes and other important genome-encoded features.
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Some History
• 1870, DNA first isolated by the Swiss physician 

Friedrich Miescher. 

• 1953, Watson & Crick describe double-helix model. 

• 1977, Frederick Sanger determined the entire 
genome sequence of the bacteriophage OX174.

• 1984, The entire sequence of the HIV-1 genome 
was determined by Chiron Corp. 

• 1995, The first genome of a free living organism (H. 
influenzae) is completely sequenced. 

• 1996, The complete genome of the E. coli bacteria 
was sequenced. 

• 2001, First draft of a Human Genome.

• 2007, High-Throughput Sequencing
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Sanger Sequencing
• The Sanger sequencing method results in sequence 

strings (“reads”) that are, on average, ~800 bases long, 
but may be extended to above 1,000 bases. 

• The chief limitation is the small amounts of DNA that can 
be processed per unit time, referred to as throughput, as 
well as high cost, resulting in it taking roughly 10 years 
and three billion dollars to sequence the first human 
genome. 

• “Gold Standard” → high quality sequence reads 

• Considered a ‘first-generation’ technology. 

• Newer methods are referred to as “non-Sanger” 
sequencing, or Next-Generation Sequencing (NGS).
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Next-Generation Sequencing, NGS
• Non-Sanger based sequencing. 

• Characterized by  

‣ Parallel Sequencing

‣ High Throughput

‣ Reduced Cost

• Main difference between Sanger and NGS is massive 
parallelization. 

• Billions of DNA sequences can be generated in parallel. 

• Relatively Cheap — to generate data, but analysis…
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High-Throughput Sequencing
• NGS expands the realm of experimentation beyond just 

determining the order of bases. 

• These newer technologies constitute various strategies 
that rely on a combination of template preparation, 
sequencing, imaging, genome alignment and assembly 
methods. 

• The arrival of NGS technologies in the marketplace has 
changed the way we think about scientific approaches in 
basic, applied and clinical research. 

• The major advance offered by NGS is the ability to 
produce an enormous volume of data cheaply — 
billions of short reads per instrument run.
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Sequence Coverage
• To sequence a person's genome, many copies of the DNA are 

broken into short pieces and each piece is sequenced. 

• The many copies of DNA mean that the DNA pieces are more-or-less 
randomly distributed across the genome.  

• The pieces are then aligned to the reference sequence and joined 
together.  

• To find the complete genomic sequence of one person with current 
sequencing platforms requires sequencing that person's DNA the 
equivalent of about 28 times (called 28X). 

• If the amount of sequence done is only an average of once across 
the genome (1X), then much of the sequence will be missed, 
because some genomic locations will be covered by several pieces 
while others will have none.
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Genome Coverage

• The deeper the sequencing coverage, the more of the genome will be covered at least once. 

• Deeper coverage is particularly useful for detecting structural variants, and allows 
sequencing errors to be corrected.
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Commercial Platforms
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Commercial Platforms
• NGS platforms differ on their template preparation, sequencing 

and imaging, and data analysis methods. 

• The unique combination of specific protocols distinguishes one 
technology from another, and determines the type of data 
produced from each platform.  Chiefly the number of sequences 
generated, the length, and the quality. 

• Each sequence is a subsequence of the overall genomic 
sequence — a “read”. 

• These differences in data output present challenges when 
comparing platforms.
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illumina HiSeq 2500
• 600 GB per run (7-8 days) 

‣ Paired-End reads @ 2 x 150bp 

• 120 GB in 27 hours 

‣ 1 human genome @ 30X coverage 

• 1-2% Error Rate 

• On-board Computer 

‣ 2 Intel XEON Quad-Core Processors 

‣ 48GB RAM 

• 1 Run 

‣ 2 human genomes @ 30x 

• Cost of $10,000 per genome in consumables
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Workflow
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Data Volumes



1,000,000,000
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What do you do with billions of DNA reads?



RNA-Sequencing
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RNA-Sequencing, “RNA-Seq”
• RNA is a nucleic acid and, along with proteins and 

carbohydrates, constitute the three major 
macromolecules essential for all known forms of 
life. 

• Among other things, RNA carries the information 
from DNA to the ribosomes, the sites of protein 
synthesis in the cell. 

• The transcriptome is the set of all RNA molecules 
in a cell. 

• RNA-Seq is the application of NGS to reveal a 
snapshot of the RNA presence and quantity from 
a genome at a given moment in time.
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Transcriptome Analysis
• The main goal is basically to identify all expressed genes & 

transcripts within a cell, and to determine their structures and 
measure their abundances 

• Some specific aims: 

‣ Catalogue all species of RNA transcripts 

- mRNAs, noncoding RNAs, long-intergenic RNAs, etc. 

‣ Accurately quantitate gene expression in a cell. 

‣ Quantify the changing expression levels of each transcript 
during development, or under different conditions, i.e., 
differential gene expression.

21



Gene Expression
The ability to quantify the level at which a particular gene is 
expressed within a cell, tissue or organism can give a huge 
amount of information: 

• Identify viral infection of a cell 

• Determine an individual’s susceptibility to cancer 

• Find if a bacterium is resistant to penicillin 

Ideally measurement of expression is done by detecting the 
final gene product, however it is often easier to detect one of 
the precursors, typically mRNA. 
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Digital Counts
RNA-Seq provides a “digital measure” of the presence and prevalence of 
mRNA transcripts from known and previously unknown genes.  
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• Some RNA-Seq projects begin with an existing backbone “reference” 
sequence (mapping), while others attempt de-novo assembly. 

• In a mapping project, the position of each sequence read within the 
reference transcriptome must be determined. 

• In a de-novo project, the architecture of the transcriptome is created without 
any reference guide.

Counting Experiments
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Challenges
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Small Data
• Data is “measurements of something”… in our case, its biological 

measurements. 
• But the data has not gotten “Big”, its gotten smaller. More precise.  

More accurate. 
• Sequencing data has allowed us to study things that were 

impossible just a few years ago.
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• Graph reflects projects involving the 're-sequencing' of the human genome, where an 
available reference human genome sequence is available to serve as a backbone for 
downstream data analyses.  

• The required 'sequence coverage' would be greater for sequencing genomes for which 
no reference genome sequence is available.



Big Datasets
• The Cancer Genome Atlas (TCGA)

‣ An effort high-throughput genome analysis 
techniques to improve our ability to 
diagnose, treat, and prevent cancer 
through a better understanding of the 
genetic basis of this disease. 

• Human Microbiome Project (HMP)

‣ Investigate how changes in the human 
microbiome are associated with human 
health or disease. 
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Data Deluge

• Sequencing technologies generate data at a much 
faster rate, and cheaper costs, than it is to store, 
manage, and analyze it. 

• How do we turn data into knowledge?
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“Computational tools are quickly becoming 
inadequate for analyzing the amount of 

genomic data that can now be generated, and 
this mismatch will worsen.”

Eric Green 
National Human Genome Research Institute 

NHGRI



Visualization
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Visualizing Biological Data
• Visualization is very important in genomics as data 

grows rapidly in volume and complexity. 

• Keep things simple, 7± 2 

• What is the job-to-be-done for this visualization?
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What’s the Job to be done?
• What are we trying to show? 

• What are the important features and patterns? 

• How can I effectively minimize their visual impact? 

• What data resolution is required? 

• In what media will the figure be shown?

38http://circos.ca/intro/data_visualization/
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Visualization Tools
• Circos 

‣ http://circos.ca/ 

• R & ggplot2 

‣ http://ggplot2.org/ 

• Python MatLib 

‣ http://matplotlib.org/ 

• Knime 

‣ https://www.knime.org/
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Resources
• Jer Thorp 

‣ http://blog.blprnt.com/ 

• Flowing Data 

‣ http://flowingdata.com/ 

• Tabletop Whale 

‣ http://tabletopwhale.com/ 

• Vizual Statistix 

‣ http://vizual-statistix.tumblr.com/
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Thank You!


