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Chromosome 21:�
Public vs Whole Genome Shotgun Assemblies

http://www.sciencemag.org/cgi/content/full/291/5507/1304
http://www.sciencemag.org/cgi/content/full/291/5507/1304
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Chromosome 8:�
Public vs Whole Genome Shotgun Assemblies

http://www.sciencemag.org/cgi/content/full/291/5507/1304
http://www.sciencemag.org/cgi/content/full/291/5507/1304
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Finishing 
Strategy 
for the 
Public 

Genome 
Project

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Polymerase Chain  Reaction Overview:
Exponential Amplification of DNA
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After N cycles, amount of target DNA is 2N-2N

Original DNA After Cycle 1

After Cycle 2

After Cycle 3

The First Three Cycles
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DNA
•Need to know at least the beginning and end of DNA sequence
•These flanking regions have to be unique to strand interested in
amplifying
•Region of interest can be present in as little as one copy
•Enough DNA in 0.1 microliter of human saliva to use PCR  

DNA Polymerase Enzyme
•DNA polymerase from Thermus aquaticus—Yellowstone Hot Springs
•Alternatives: Thermococcus litoralis, Pyrococcus furiosus 

Thermocycler

PCR Requirements
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TAQ polymerase optimum at 72° C

Temperature Cycling
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PCR Applications

Forensics
•assessment/reassessment of crimes

Archaeology
•determine gene sequences of ancient organisms
•rethinking the past, human origins

Molecular Biology
•PCR ionstead of cloning genes
•Sequencing genes in final DNA synthetic step
•Finishing genome sequences filling in gaps
•Amplification of DNA or cDNA

•Medicine
•Diagnostics for inherited disease
•Diagnostics for gene expression
•Diagnostics for gene methylation
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Finished Sequence in 2004 (Build 35)

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Substitutions in BAC Overlaps with� BACs from Same or Different Libraries

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Gaps in BAC Overlaps with
BACs from Same or Different Libraries

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Duplications and Deletions
in the Human Genome

http://www.genome.gov/
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Percentage of Chromosomes Duplicated

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Duplications near Centromeres

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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Duplications near Telomeres

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
http://www.genome.gov/
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• Crossing over between maternal and paternal chromosomes

• Unequal crossing over between maternal and paternal chromosomes

Deletions and Duplications can Arise from
Unequal Crossing Over in Repeated Regions

Maternal

Maternal

Paternal

Paternal

Offspring

Offspring

Offspring

Offspring
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The Diploid Sequence of an�
Individual Human (HuRef)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17803354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17803354
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Karyotype of J.Craig Venter

Giemsa Stain FISH Stain

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17803354
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Comparing Reference Genome Assembly to HuRef Genome Assembly

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17803354
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SNPs & InDels in HuRef Autosomes

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17803354
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Illumina Solexa Sequencing Technology

http://www.illumina.com/pages.ilmn?ID=203
http://www.illumina.com/
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Illumina Solexa Sequencing Technology
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Illumina Solexa Sequencing Technology
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Illumina Solexa Sequencing Technology
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Illumina Solexa Sequencing Technology
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http://www.illumina.com/
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Illumina Solexa Sequencing Technology

http://www.illumina.com/pages.ilmn?ID=203
http://www.illumina.com/
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Life Sciences 454 Process Overview

4) Perform Sequencing by synthesis
on the 454 Instrument

1) Prepare Adapter Ligated ssDNA Library

2) Clonal Amplif ication 
on 28 µ beads

3) Load beads and enzymes 
in PicoTiter Plate™

http://www.my454.com/
http://www.my454.com/
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Emulsion Based Clonal Amplifcation

Micro-reactors 
Adapter carrying 

library DNA
Anneal DNA template 

to capture beads

Break micro-reactors 
Isolate DNA containing 

beads 

Single test tube generation of millions of clonally amplif ied sequencing templates
No cloning and colony picking

“Water-in-oil” 
emulsion 

+ PCR Reagents 

+  Emulsion Oil 

Perform emulsion 
PCR 

A

B

http://www.my454.com/
http://www.my454.com/


© Doug Brutlag 2015

Depositing DNA Beads into the�
PicoTiter™Plate

Centrifuge Step

Load Enzyme Beads

Load beads into PicoTiter™Plate 

44 � m 

• 70x75mm array of fused optical f ibers with etched wells

• 1.6 million wells monitored optically through f iber

http://www.my454.com/
http://www.my454.com/
http://www.my454.com/
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Sequencing By SynthesisSequencing-By-Synthesis

 Simultaneous sequencing of the entire genome in 
hundreds of thousands of picoliter-size wells

 Pyrophosphate signal generation

http://www.my454.com/
http://www.my454.com/
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T
A
C
G

Flow Order

Flowgrams and BaseCalling

1-mer

2-mer

3-mer

4-mer

http://www.my454.com/
http://www.my454.com/
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Pacifc Biosciences SMRT Sequencing

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Pacifc Biosciences SMRT Sequencing

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Phospholinked Fluorophores�

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Processive Synthesis

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Synthesis of Long Duplex DNA

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Highly Parallel Optics System

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/


© Doug Brutlag 2015

Circular Templates Gives Redundant
Sequencing and Accuracy

http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/
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Circular Templates Gives Redundant
Sequencing and Accuracy

http://www.pacificbiosciences.com/
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Ion Torrent Sequencing�

http://www.iontorrent.com/
http://www.iontorrent.com/
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Ion Torrent Sequencing
http://www.iontorrent.com/

http://www.iontorrent.com/
http://www.iontorrent.com/
http://www.iontorrent.com/
http://www.iontorrent.com/
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Ion Torrent Sequencing�

http://www.iontorrent.com/
http://www.iontorrent.com/
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The Human Genome
How fast is the cost going down?

• 2006: $ 50 million
• 2008: $500,000
• 2009: $50,000
• 2010: $20,000
• 2011:  $5,000
• 2012:  $4,000
• 2013:  $3,000
• 2014   $1,400

Thanks to Seraf im Batzoglou
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Cost per Raw Megabase of
DNA Sequence
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Cost per Human Genome


