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Homework Assignments

• Homework is due midnight on the evening of the due date.
• If you are late you will lose 10% of the grade for each day

the assignment is late
• Submit homework in an email or as an attachment in an

email to brutlag@stanford.edu.
• Homework may be a Word, text, PDF, postscript, HTML or

Google document.
• Always reference and quote copied material

– Copying without quotes and references, even from Internet is
plagiarism

– Copying without quotes and references is also a violation of the
Honor Code

• If you get less than 100% on an assignment you will have
one week to submit a revised homework for full credit.

mailto:brutlag@stanford.edu


© Doug Brutlag 2015

The Human Genome Project:
Should we do it?

• Service, R. F. (2001). The human genome: Objection #1: big 

biology is bad biology. Science, 291(5507), 1182.
–Not hypothesis driven.
–Fishing expedition or stamp collecting.
–Eliminate funds from investigator initiated science.

• Vogel, G. (2001). The human genome: Objection #2: why 

sequence the junk? Science, 291(5507), 1184.
–Limit sequencing to 1.5% of genome that codes proteins.
–Do not sequence intergenic regions “genetic wastelands”.
–Do not sequence repeated regions (telomeres and heterochromatin).

• Service, R. F. (2001). The human genome: Objection #3:

impossible to do. Science, 291(5507), 1186.
–Technology of the time permitted 500 to 1,000 bp per day per person.
–Move from radioactively labeled sequencing to fuorescent sequencing
permitted complete automation up to 1 gigabyte per year.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11233423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11233423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11233423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11233423
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Chemical Structure of DNA
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DNA Synthesis by DNA polymerases
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Sequencing using Chain terminators
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DNA Sequencing by Chain Termination
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Fluorescent DNA Sequencing
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Bacterial Cloning Vectors
Used in Genome Sequencing

© Gibson & Muse A Primer of Genome Science

BAC Vector PAC Vector
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M13 Sequencing Vector
http://www.mikeblaber.org/oldwine/bch5425/lect33/lect33.htm

Michael Blaber@sb.fsu.edu

http://www.mikeblaber.org/oldwine/bch5425/lect33/lect33.htm
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M13 Life Cycle
http://www.elec-intro.com/m13-cloning

http://www.elec-intro.com/m13-cloning
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Public Human Genome Project Strategy
Published in Nature 15 February 2001

http://www.nature.com/genomics/human/
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Hierarchical Sequencing Vs.
Whole Genome Shotgun Sequencing

© Gibson & Muse A Primer of Genome 
Science

(from Gibson & Muse, A Primer of Genome Science)

http://www.sinauer.com/genomics/
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Whole Genome Shotgun versus BAC Sequencing

Gene Myers

Let’s sequence
the human

genome with the
shotgun strategy

That is
impossible, and a
bad idea anyway Phil Green

1997

Thanks to Seraf im Batzoglou
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The Human Genome Project:
How should we do it?

• Weber, J. L., & Myers, E. W. (1997). Human whole-genome shotgun sequencing. 
Genome Res, 7(5), 401-409.

– Use clone end sequencing generating mate-pairs
• Referred to as double shotgun sequencing

– Use multiple length clones 2 kb, 10 kb and 50 kb
– Able to use long clones to leap over repeated regions
– Clone length permits one to measure length of repeated regions.
– Will fnd more polymorphisms (SNPs)
– Costs less
– Finishing easier
– BAC clone artifacts

• Differential amplifcation
• BACs not stable in bacteria will be lost.
• Repeated regions will recombine and be lost

• Green, P. (1997). Against a whole-genome shotgun. Genome Res, 7
(5), 410-417.

– Preferred clone-by-clone BAC sequencing
– Distributed versus monolithic organization
– BACs linked to genetic maps
– Costs less (sequence 4x human genome)
– Finishing simplifed and fewer gaps
– Haplotyping automatic
– Longer repeat regions lengths measured

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9149937
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Rate of Contig Formation
Lander & Waterman 1988

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=3294162
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BAC Shotgun Sequencing Strategy
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BAC and PAC Libraries in the
Public Human Genome Project 

https://bacpac.chori.org/

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11237011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11237011
https://bacpac.chori.org/
https://bacpac.chori.org/
https://bacpac.chori.org/
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Public Genome Assembly Process
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Total Genome Sequence Information 2001

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11237011
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Whole Genome Shotgun Sequencing
Published in Science 16 February 2001

http://www.sciencemag.org/content/vol291/issue5507/
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Whole Genome Sequencing Scaffolds

http://www.sciencemag.org/cgi/content/full/291/5507/1304
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Whole Genome Shotgun Assembler
http://www.sciencemag.org/content/291/5507/1304.full

http://www.sciencemag.org/content/291/5507/1304.full
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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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Comparing Chromosome 2 Sequence � Versus Genetic Maps

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11237011
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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
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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
•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
•Cloning genes
•Sequencing genes
•Finishing genome sequences
•Amplification of DNA or RNA

•Medicine
•Diagnostics for inherited disease
•Diagnostics for gene expression
•Diagnostics for gene methylation
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DNA Sequencing By Chain Termination
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Sanger Sequencing Technology
(from Gibson & Muse, A Primer of Genome Science)

ABI Sequence Trace

http://www.sinauer.com/genomics/
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Synteny
Between

Human and
Mouse


