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Proteins are Body's Worker Molecules 



DNA
Basic Unit (alphabet): Nucleotide (base)

Only 4: A, T, G, and C
Double-stranded

..AGCTGCATGCTAGCTGACGTCA….

..TCGACGTACGATCGACTGCAGT….

“Words” (genes) to encode proteins, RNA etc.
Double helical 



The double-helical structure of DNA 

DNA Tower in Perth

http://images.google.com/imgres?imgurl=http://academy.d20.co.edu/kadets/lundberg/images/biology/dnaautograph.jpg&imgrefurl=http://academy.d20.co.edu/kadets/lundberg/dna.html&h=768&w=595&sz=71&tbnid=wReZvdzODOUJ:&tbnh=141&tbnw=109&hl=en&start=40&prev=/images%3Fq%3DDNA%26start%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN




Protein
Alphabet: amino acids

There are 20 amino acids
Encoded by codons (triplets of nucleotides)

ATGTGCAGCCTAGCTGCCGTCCTAGCTGCCGTC
Met Cys Ser Leu Ala Ala Val

Water channel protein



Genomics

Proteomics



Applications of Genomics and Proteomics

1. Understand basic biology
2. Diagnosis and treatment of diseases
3. Rationale for drug design
4. Protect plant life
5. Understand bacterial resistance
6. Solve environmental problems
7. Develop new energy sources
8. Improve industrial processes
9. Study evolutionary changes among organisms



Outline

1. What is a genome?
2. Analysis of the human genome
3. How to access the genome data?
4. Future Implications
5. Live demo of the NCBI resources



Human Genome Sequenced

The Human 
Genome Project Celera

June 23, 2000 



The Human Genome

23 pairs of chromosomes
3.2 billion base pairs
Estimated number of genes about 30,000
Only 2% of the human genome “codes”
Average gene size 4000 base pairs
Largest gene dystrophin 2.4 million base pairs
More than 50% in repeat elements or 

so called “junk DNA”



Analysis of the Human Genome

The DNA sequence of any two people is 
99.9 percent identical. 

Sites in the DNA sequence where individuals 
differ at a single DNA base are called 
single nucleotide polymorphisms (SNPs).

The SNPs may greatly affect an individual's 
disease risk. 



Genome (DNA)

Exact spelling of a word is necessary

DAT
GAT
KAT
CBT
CCT
CAQ
CAC

CAT
RAT
MAT
FAT
BAT
EAT
HAT



Hemochromatosis

- High absorption of iron
- Resulting in excessive storage of iron, 

particularly in the liver, skin and pancreas
- a codon change TGT to TAT in the HFE gene 
- changes amino acid from cysteine to tyrosine

leading to hemochromatosis

3-D structure of the protein



Sickle Cell Anemia

- Sickled red blood cells 
- Mutation in the HBB gene that codes for hemoglobin
- one nucleotide change in the 7th codon GAG to GTG
- changing glutamic acid to valine
- interaction between valine and the complementary 
regions on adjacent molecules results in the formation 
of polymers that aggregate and distort the shape of 
the red blood cells

3-D structure of hemoglobin

3-D structure of mutant hemoglobin



Sizes of Different Genomes

Human (Homo sapiens) 3.2 billion 
Laboratory mouse (M. musculus) 2.6 billion 
Fruit fly (D. melanogaster) 137 million
Yeast (S. cerevisiae) 12.1 million 
Bacterium (E. coli) 4.6 million 
Human immunodeficiency virus 
(HIV) 9700



Human Genome Sequenced

What are the genetic changes that make us human? 

Only 1.2% difference between Human and chimpanzee: 
Every 100th nucleotide different
Could affect thousands of genes
Many are probably the consequence of 6 million years 

of genetic drift, with little effect on body or behavior
Other small changes--perhaps in regulatory, noncoding

sequences--may have dramatic consequences  

http://www.sciencemag.org/cgi/content/full/309/5731/91/F1
http://www.sciencemag.org/cgi/content/full/309/5731/91/F2


What are the genetic changes that make us human?

Study clinical mutations in the genes that impair key traits
and trace the genes' evolution.
For example, FOXP2, the first ever gene associated with 
human speech.
FOXP2 knock-out mice are squeakless.

A complete understanding of uniquely human traits will, 
however, include more than DNA such as nurture and 
nature.

http://www.sciencemag.org/cgi/content/full/309/5731/91/F1
http://www.sciencemag.org/cgi/content/full/309/5731/91/F2
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National Center for Biotechnology Information
http://www.ncbi.nlm.nih.gov

Created as a part of NLM in 1988
- To establish public databases

U.S. National DNA Sequence Database
- To perform research in computational biology
- To develop software tools for sequence analysis
- To disseminate biomedical information



NCBI Databases

Organisms

Genomes (DNA)

mRNA

Protein



NCBI Databases 



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books


Genome Sequence Data and Analysis Tools at NCBI

http://www.ncbi.nlm.nih.gov/Genomes/
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What’s Next?????

1. HapMap: Genetic variation mapping project
Discovery of genes related to diseases
Gene Testing
Gene Therapy

2. Pharmacogenomics: Pharmacology and genomics
Custom effective drugs based on genetic profile
Reduce adverse reactions

3. ENCODE: Encyclopedia of functional elements
Study expression of genes
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Some Useful Web Pages
National Center for Biotechnology Information

http://www.ncbi.nlm.nih.gov/
Education

http://www.ncbi.nlm.nih.gov/Education/
Science Primer

http://www.ncbi.nlm.nih.gov/About/primer/
BookShelf

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books
National Library of Medicine

http://www.nlm.nih.gov/
Genetics Home Reference 

http://ghr.nlm.nih.gov/


