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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 bp per day per person.
– Move from radioactively labeled sequencing to fuorescent sequencing

permitted complete automation up to 1 gigabyte per year.
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Covalent 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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DNA Sequencing By Chain Termination
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Cloning Vectors Used in
Genome Sequencing

© Gibson & Muse A Primer of Genome Science
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M13mp18 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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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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Any two humans differ at 0.1 % base
positions in the genome

• There are 3 billion base pairs in the human genome

• Any two individuals differ at 3 million positions.   One
change every 1,000 bps.

• Most mutations are in non-essential regions

• Some cause different phenotypic traits (cultural and ethnic
differences)

• Some are pathogenic (OMIM morbid mutations)

• Some are lethal (about 300 per person)
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Repeated Elements in the Human Genome
ERVs, LINES, SINES and ALUs

• ERVs-Endogenous Retroviruses
– 10,000 base long RNA genome
– Converted to DNA and integrate into genome with help of RNA reverse

transcriptase and integrase enzymes and long tandem repeats (LTRs)
– Transcribed into RNA and produce virus (example HIV)

Weiner Curr Opin Cell Biol, 2002 14 (3) 343-50 

http://www.ncbi.nlm.nih.gov/pubmed/12067657
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Retroviral Life Cycle

http://www.nimr.mrc.ac.uk/research/kate-bishop/

http://www.nimr.mrc.ac.uk/research/kate-bishop/


© Doug Brutlag 2015

Repeated Elements in the Human Genome
ERVs, LINES, SINES and ALUs

• ERVs-Endogenous Retroviruses
– 10,000 base long RNA genome
– Converted to DNA and integrate into genome with help of RNA reverse

transcriptase and integrase enzymes and long tandem repeats (LTRs)
– Transcribed into RNA and produce virus (HIV)

• LINES-Long Interspersed Nuclear Elements
– About 868,000 in human genome
– 6,500 base pairs long including LTRs
– Encode reverse transcriptase and integrase 
– Copy-paste mechanism to insert elsewhere

• SINES-Short Interspersed Nuclear Elements
– Millions in human genome
– 100-400 bases long
– Often contain RNA polymerase III promoters but no genes

• ALUs- The most common  SINE
– 1,500,000 copies = 11% of human genome
– 350 base pairs in length
– Contain an RNA Polymerase III promoter, Alu site
– Appear to evolve from 7S RNA signal recognition particle
Weiner Curr Opin Cell Biol, 2002 14 (3) 343-50 

http://www.ncbi.nlm.nih.gov/pubmed/12067657
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Whole Genome Shotgun versus
Bacterial Artifcial Chromosome Sequencing

Gene Myers

Let’s sequence
the human

genome with the
shotgun strategy

1997

Thanks to Seraf im Batzoglou
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Whole Genome Shotgun versus
Bacterial Artifcial Chromosome Sequencing

Gene Myers

Let’s sequence
the human

genome with the
shotgun strategy

1997

Thanks to Seraf im Batzoglou

Phil Green

That is
impossible, and a
bad idea anyway
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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
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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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Public Human Genome Project Strategy
http://www.nhgri.nih.gov/

http://www.nhgri.nih.gov/
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BAC Shotgun Sequencing Strategy
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BAC and PAC Libraries in
Public Human Genome Project 
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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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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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Synteny
Between

Human and
Mouse



© Doug Brutlag 2015

Celera Sequencing
http://www.celera.com/

http://www.celera.com/
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Celera Scaffolds

http://www.sciencemag.org/cgi/content/full/291/5507/1304
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Celera Assembler
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Chromosome 21:� Public vs Celera Assemblies

http://www.sciencemag.org/cgi/content/full/291/5507/1304
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Chromosome 8:� Public vs. Celera

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

Genome
Project
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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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Finished Sequence in 2004 (Build 35)

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
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Comparison of Chromosome 7� Draft versus Finished Sequence

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
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Base Changes in BAC Overlaps with
BACs from Same or Different Libraries
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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
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Duplications and Deletions
in the Human Genome
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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
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Duplications near Centromeres

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

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
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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
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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 NCBI Assembly to HuRef 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

