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Watson and Crick (1953)

Watson, Crick, and Maurice Wilkins were awarded the 1962 Nobel Prize in 
Physiology or Medicine "for their discoveries concerning the molecular structure 
of nucleic acids and its significance for information transfer in living material"
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James Dewey Watson
• James Dewey Watson (born April 6, 1928) is an 

American molecular biologist, geneticist and 
zoologist, best known as one of the co-
discoverers of the structure of DNA in 1953 with 
Francis Crick and Rosalind Franklin. 

• Watson, Crick, and Maurice Wilkins were 
awarded the 1962 Nobel Prize in Physiology or 
Medicine "for their discoveries concerning the 
molecular structure of nucleic acids and its 
significance for information transfer in living 
material".

• Watson has written many science books, 
including the textbook Molecular Biology of the 
Gene (1965) and his bestselling book The 
Double Helix (1968).

https://en.wikipedia.org/wiki/James_Watson 3



Rosalind Elsie Franklin
• Rosalind Elsie Franklin (25 July 1920 – 16 

April 1958) was an English chemist and X-ray 
crystallographer who made contributions to the 
understanding of the molecular structures of 
DNA (deoxyribonucleic acid), RNA 
(ribonucleic acid), viruses, coal, and graphite.

• Although her works on coal and viruses were 
appreciated in her lifetime, her contributions to 
the discovery of the structure of DNA were 
largely recognized posthumously.

• Franklin is best known for her work on the X-
ray diffraction images of DNA, particularly 
Photo 51.

https://en.wikipedia.org/wiki/Rosalind_Franklin 4



What is DNA?
• Deoxyribonucleic acid
• A molecule that carries most of the 

genetic instructions used in the 
development, functioning and 
reproduction of all known living 
organisms.

• Consist of two biopolymer strands 
coiled around each other to form a 
double helix

The structure of part of a 
DNA double helix 5



In terms of decreasing size:
Nucleus  →  Chromosome →  Gene →  DNA
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Chemical structure of DNA

A single nucleotide is made up of three components: a nitrogen-containing base, a 
five-carbon sugar, and a phosphate group. The nitrogenous base is either a purine 
or a pyrimidine. The five-carbon sugar is either a ribose (in RNA) or a deoxyribose 
(in DNA) molecule.

Cytosine
Thymine
Adenine
Guanine
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Base Pairing Rule
• Adenine (A) pairs with 

Thymine (T)
• Guanine (G) pairs with 

Cytosine(C)
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James Watson Explains DNA Base pairing
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DNA  RNA  Protein
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Transcription activation. Activators bind 
to their target at the upstream activation 
sequence (UAS), recruiting Mediator. 
The TATA-binding protein (TBP) 
subunit of transcription factor IID binds 
to the promotor TATA box and recruits 
IIA and IIB. Mediator then recruits RNA 
polymerase II (Pol II) to the pre-
initiation complex along with IIF, 
followed by IIE and IIH. Upon initiation, 
RNA polymerase II is released from the 
complex and begins transcription.

Transcription



DNA verse RNA
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« Finished » sequence 
April 1953-April 2003

February 2001
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Human Genome Project (HGP)
• The Human Genome Project was started in 1990 with the goal of 

sequencing and identifying all three billion chemical units in the 
human genetic instruction set, finding the genetic roots of disease 
and then developing treatments. 

• It is considered a Mega Project because the human genome has 
approximately 3.3 billion base-pairs. With the sequence in hand, 
the next step was to identify the genetic variants that increase the 
risk for common diseases like cancer and diabetes.
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Coding and non-coding Regions
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Alternative splicing
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History of The Human Genome Project

The Wellcome Human Genome Library in London 
(Left CC: Russ London, Right Source: Wellcome
Collection)
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Findings
• Key findings of the draft (2001) and complete (2004) 

genome sequences include:
1. There are approximately 20,500 genes in human beings, the 

same range as in mice.
2. The human genome has significantly more segmental 

duplications (nearly identical, repeated sections of DNA) 
than had been previously suspected.

3. At the time when the draft sequence was published fewer 
than 7% of protein families appeared to be vertebrate 
specific.
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Automated Sequencing

http://www.ornl.gov/sci/techresources/Human_Genome/publicat/hgn/v10n3/images/megabaces.jpg
http://www.ornl.gov/sci/techresources/Human_Genome/education/images.shtml
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Single Nucleotide Polymorphism
• A Single Nucleotide Polymorphisms (SNP), pronounced 

“snip,” is a genetic variation when a single nucleotide 
(i.e., A, T, C, or G) is altered and kept through heredity. 

• SNP: Single DNA base variation found >1%
• Mutation: Single DNA base variation found <1%

SNP

Mutation

C T T A G C T T

C T T A G T T T

94%

6%

C T T A G C T T

C T T A G T T T

99.9%

0.1%
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International HapMap Project
http://www.hapmap.org/
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HapMap Project:  Genotype validated SNPs in the dbSNP

To produce a genome-wide map of common variation

Genotype 6 Million SNPs in Four populations in Two Phases:  

• CEPH (CEU) (Europe - n = 90, trios)
• Yoruban (YRI) (Africa - n = 90, trios)
• Japanese (JPT) (Asian - n = 45)
• Chinese (HCB) (Asian - n =45)

Nature 437: 1299-320, 2005

www.hapmap.org24



International HapMap Project
http://www.hapmap.org/
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International HapMap Project
http://www.hapmap.org/
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Associated SNPs can be diagnostic/predictive 
but finding functional SNPs to understand 
mechanism will take time but offers the 

promise of new therapies 

ENCODE PROJECT - Identify the 
functional elements in the Human 
Genome - 1% now and soon all

Nature 447: 799, 2007 

Transcriptional Regulatory Elements
Expressed Sequences
Chromatin Structure
Replication
Multi-species Conservation
…….
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Structural Variation Project

Types of Structural Variants

Insertions/Deletions
Inversions 
Duplications
Translocations

Size:
Large-scale (>100 kb) 
intermediate-scale (500 bp–100 kb)
Fine-scale (1–500 bp)

More than 10% of 
the genome sequence

Nature 447: 161-165, 200728



All of the original goals of 
the Human Genome 
Project have been 
accomplished

What’s next?
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The Next Challenge

Understanding the link between -

DNA sequence                 Biology/Disease
(Genotype)                    (Phenotype)

Environment

ATTCGCATGGACC
C

A
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Cas es Controls

40% T, 60% C 15% T, 85% C

C/C C/T

C/C C/T C/C

C/C

C/TC/C C/C

C/T C/CC/TC/TC/C

Multiple Genes with Small Contributions
and Environmental Contexts 

Variant(s) Common in the Population 

Polymorphic Markers > 500,000 -1,000,000
Single Nucleotide Polymorphisms (SNPs)

Single Gene with Major Effect

Variant Rare in the Population

~600 Short Tandem Repeat Markers

Human Genetic Analysis

Families
Linkage Studies

Populations 
Association Studies

Simple Inheritance (Segregate) Complex Inheritance (Aggregate) 
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Sickle-cell disease
• Sickle-cell disease (SCD), also 

known as sickle-cell anaemia (SCA), 
is a hereditary blood disorder, 
characterized by an abnormality in 
the oxygen-carrying haemoglobin
molecule in red blood cells. 

• This leads to a propensity for the 
cells to assume an abnormal, rigid, 
sickle-like shape under certain 
circumstances. 

• Sickle-cell disease is associated with 
a number of acute and chronic health 
problems, such as severe infections, 
attacks of severe pain ("sickle-cell 
crisis"), and stroke, and there is an 
increased risk of death. 32



Sickle-cell disease
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Genetic Strategy - New Insights

allele frequency HIGHLOW

effect
size

WEAK

STRONG

LINKAGE
ASSOCIATION 

??

Ardlie, Kruglyak &  Seielstad (2002) Nat. Genet. Rev. 3: 299-309
Zondervan & Cardon (2004) Nat. Genet. Rev. 5: 89-100 

Common Disease
Many Rare Variants
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PCR-based restriction fragment 
length polymorphism (PCR-RFLP)

1) PCR

240

1) RESTRICTION ENZYME DIGEST

TT 110bp T 110bp
C 89bp C 89bp
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Principle of TaqMan SNP assay
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New Target Protein for Warfarin

Epoxide
Reductase

 -Carboxylase
(GGCX)

Rost et al. & Li, et al., Nature (2004)

(VKORC1)
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VKORC1 SNPs and haplotypes show a strong association with warfarin dose
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All patients 2C9 WT patients 2C9 VAR  patients
AA AB BBAA AB BB AA AB BB

(n = 181) (n = 124) (n = 57)

Rieder et al N Engl J Med 352: 2285-93, 2005 38



Principle of Microarray
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Genotyping Systems

100K or 500K Quasi-Random SNPs 100K; 317K; 550K; 650K SNPs

Affymetrix Illumina 

A significant proportion of common SNPs can be captured
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Genome-wide association study, GWAS

Nature Genetics 44, 1330–1335 (2012) doi:10.1038/ng.2456 41



Next Generation Sequencing
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Application of NGS

*Price per 30X human genome according to Illumina. We’re not aware of any 
sequencing facility currently offering human genomes for $1,000. 44



RNA Sequencing
• RNA Sequencing (RNA-Seq) has quickly become the method of choice 

for discovery of new microRNAs (miRNAs) and other forms of small 
RNAs. 

• Transcriptomics: the profiling of the transcriptome—aims to catalog the 
complete set of RNA transcripts produced by the genome, including 
mRNAs, non-coding RNAs, miRNAs, and other small RNAs

Release 21, miRNA count: 28645 entries
45

The schematic shows the major steps in miRNA processing and 
function. Image courtesy of Charles Mallery, University of Miami.



Classes of no-coding RNA
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Exome sequencing
• Since 2007, there has been tremendous progress in the development of 

diverse technologies for capturing arbitrary subsets of a mammalian 
genome at a scale commensurate with that of massively parallel. 

• To capture all protein-coding sequences, which constitute less than 2% of 
the human genome, the field has largely converged on the aqueous-phase

Nature Reviews Genetics 12, 745-755 (November 2011) | doi:10.1038/nrg3031
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Applying Genome Variation - Will it work? YES!!

Hits:

Macular Degeneration, Obesity, Cardiac Repolarization,
Inflammatory Bowel Disease, Diabetes T1 and T2, Coronary Artery 
Disease.Rheumatoid Arthritis, Breast Cancer, Colon Cancer, ……

-There are misses as well unclear why - Phenotype, Coverage,
Environmental Contexts?

Example of a miss - Hypertension 

-There are lots more hits in these data sets - sample size, low proxy 
coverage with other SNPs …..

-Analysis of associations between phenotype(s) and even individual sites 
is daunting and this will just be the first stage,
and this does even consider multi-site interactions.

48



49


