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The Birth of Molecular Biology:  DNA Structure

Fall 2007

> 200,000 organisms!!

>100,000,000,000 bases
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Sequencing   DNA 

Prior to the mid-1970’s no method existed by which 
DNA could be directly sequenced.  Knowledge about 
gene and genome organization was based upon 
studies of prokaryotic organisms and the primary 
means of obtaining DNA sequence was so-called 
reverse genetics in which the amino acid sequence 
of the gene product of interest is back-translated into 
a nucleotide sequence based upon the appropriate 
codons.

•Maxam-Gilbert DNA Sequencing

•Sanger (didexoy) DNA Sequencing

Maxam-Gilbert DNA Sequencing

Allan Maxam / Walter Gilbert DNA Sequencing

Sequencing single-stranded DNA
Two-step catalytic process:

1) Break glycoside bond between the ribose sugar and the base / 
displace base

Purines react with dimethyl sulfate

Pyrimidines react with hydrazine

2) Piperidine catalyzes phosphodiester bond cleavage where base 
displaced

“G” - dimethyl sulfate and piperidine

“A + G” - dimethyl sulfate and piperidine in formic acid 

“C” - hydrazine and piperidine in 1.5M NaCl

“C + T” - hydrazine and piperidine
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• 200-300 bases of DNA sequence every few days

• Use large amounts of radioactive material, 35S or 32P

• Constantly pouring large, paper thin acrylamide gels

• Hydrazine is a neurotoxin

Early Benefits -

Discovery that the gene for ovalbumin in chicken and the gene 
encoding β-globin in rabbit contained non-coding gaps in the coding 
regions. These gaps< were flanked by the same dinucleotides in the 
two genes; GT on the 5’ end of the gaps and AG on the 3’ end of the 
gaps.  Soon, the terms intron and exon were added to the genetic 
lexicon to describe the coding and non-coding regions of eukaryotic 
genes (1977).

Maxam-Gilbert DNA Sequencing Fred Sanger (dideoxy) DNA Sequencing
Sanger knew that, 
whenever a 
dideoxynucleotide was 
incorporated into a 
polynucleotide, the chain 
would irreversibly stop, 
or terminate. Thus, the 
incorporation of specific 
dideoxynucleotides in 
vitro would result in 
selective chain 
termination.

Sanger (dideoxy) DNA Sequencing
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• Elimination of dangerous chemicals (hydrazine)

• Greater efficiency  (>3x)

Taq polymerase makes DNA strands off of a template at  

rate of about 500 bases per minute 

Chemical synthesis of a 25-mer oligonucleotide takes

more than two hours. 

High Throughput Methods (Human Genome Project)

Advantages of dideoxy DNA Sequencing
Automated  Fluorescence  Sequencing

In 1986, Leroy Hood and colleagues reported on a DNA sequencing method in 
which the radioactive labels, autoradiography, and manual base calling were all 
replaced by fluorescent labels, laser induced fluorescence detection, and 
computerized base calling.
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Human Genome Project
Begun formally in 1990, the U.S. Human Genome Project was a 13-year effort 
coordinated by the U.S. Department of Energy and the National Institutes of 
Health. The project originally was planned to last 15 years, but rapid 
technological advances accelerated the completion date to 2003.

Project goals:
• identify all the approximately 20,000-25,000 genes in human DNA, 
• determine the sequences of ~3 billion chemical base pairs of human DNA, 
• store this information in databases, 
• improve tools for data analysis, 
• transfer related technologies to the private sector, and 
• address the ethical, legal, and social issues (ELSI) from the project.

• sequence 500 Mb/year at < $0.25 per finished base

(Sequenced >1,400 Mb/year at <$0.09 per finished base) 

• complete genome sequences of  E. coli, S. cerevisiae, C. elegans, D. melanogaster

• develop genomic-scale technologies (oligo syn, DNA microarrays, 2-hybrid sys)

HGP Hero - Jim Kent (research scientist at UC Santa Cruz)  

The human genome project was ultimately a race between Celera 
Genomics and the public effort, with the final push being a bioinformatics 
problem to put all of the sequence reads together into a draft genome 
sequence.  Jim Kent was a grad student at UCSC, who worked for weeks 
developing the algorithm to put all of this together, beating Celera by 3 
days to an assembled human genome sequence.

His efforts ensured that the human genome data remained in the public 
domain and were not patented into private intellectual property.

Kent built a grid of cheap, commodity PC’s running the Linux operating 
system and other Freeware to beat Celera's, what was thought of then as 
the, world's most powerful civilian computer.  In June 2000, thanks to the 
work done by Kent and several others, the Human Genome Project was 
able to publish its data in the Public Domain just hours ahead of Celera. 

Kent went on to write BLAT and the UCSC Human Genome Browser to help 
analyze important genome data, receiving his PhD in biology in 2002.  He 
remained at UCSC to work primarily on web tools to help understand the 
human genome.  He helped maintain and upgrade the browser, and worked 
on projects such as comparative genomics and Parasol.
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The  BIG  QUESTION:

Why do we have so few genes?

With the completion of a rough draft of the human genome 
in the Spring of 2003, many researchers began looking at 
how genes and proteins interact to form other proteins.  A 
surprising finding of the Human Genome Project is that 
there are far fewer protein-coding genes in the human 
genome than proteins in the human proteome (20,000 to 
25,000 genes vs. about 1,000,000 proteins).  The human 
body may contain more than 2 million proteins, each 
having different functions.  The protein diversity is thought 
to be due to alternative splicing and post-translational 
modification of proteins.  The discrepancy implies that 
protein diversity cannot be fully characterized by gene 
expression analysis, thus proteomics is needed for 
characterizing cells and tissues.

Genomics   vs.  Proteomics
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Note: Thanks to Prof. Vishy Iyer for many of these slides on microarrrays.
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Protein – Protein

Interactions
(Interaction Networks)

Also see:  Methods Mol 
Biol. 2004; 270:403-22. 

Some Examples  /  Applications

• DLBCL
• P4 - Medicine
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Diffuse large B-cell lymphoma is the 
most common subtype of non-Hodgkin’s 
lymphoma. With current treatments, long-
term survival can be achieved in only 40% 
of patients. There are no reliable indicators 
— morphological, clinical, 
immunohistochemical or genetic — that 
can be used to recognize subclasses of 
DLBCL and point to a differential
therapeutic approach to patients.

Hierarchical clustering of gene expression data (as ratios).
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Using “clustering analysis,” Alizadeh et al. could separate DLBCL into 
two categories, which had marked differences in overall survival of the 
patients concerned. The gene expression signatures of these subgroups 
corresponded to distinct stages in the differentiation of B cells, the type 
of lymphocyte that makes antibodies.

Note: The following (blue) slides were edited from a presentation by Lee Hood of the 
Inst. for Systems Biology to NIST on the P4 Medicine found at:  

http://www.itl.nist.gov/Healthcare/conf/presentations/LH%20NIST%209-24-07.pdf

A similar lecture on P4 Medicine was presented by Dr. Hood at the 2007 Welch 
Conference: “Physical Biology -From Atoms to Cells”

Need for a Systems Approach

~ biomolecules ~ complexes / cells
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Two Types of Biological Information:

Digital  (genome / DNA sequences)

Environmental

What is Systems Medicine?
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DEAL = DNA-Encoded Antibody Library


