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Human Genome Project 

Began in 1990 
3 Billion Dollars (3조원) 
Goals 
  - Identify all the genes in the human genome : 30,000 
  - Complete the sequence of total bases of the human genome  
     : 3.3 billions 
 
2001 -  Publication of the Human Genome Sequence in the journals 
             Nature and Science (90% completion of the genome) 
 
2003 April 14 - Completion of the Human genome project (99.9%) 
                           the 50th anniversary of Watson and Crick publication 
                           (Nature 171:737-738, April 25, 1953) 
 



Human Genome Project (2001) 
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Human Genome Project (2001) 

IHGSC international 
•  1 male white (70%-reference genome) and 2 males and 2 females 
•  Nature 409: 860~ (2001) 
    - cover about 94% human genome 
    - There appear to be about 30,000-40,000 protein-coding genes 
    - More than 1.4 million SNPs identified 
 
 
Celera Genomics 
•  5 different individuals (may include Craig Venter) 
•  Science 291: 1304~ (2001) 
    - 2.91 billion base pair 
    - Only 1.1% of the genome is spanned by exons, whereas 24% is in  
      introns, with 75% of the genome being intergenic DNA 
    - 26,588 protein-encoding transcipts and 2.1 million SNPs 
 



Genome Size and Gene number 

Humans and mice have about the same number of genes. 
But we are so different from mice, how is this possible? 
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Then why are we different from each other? 

Genetic Variation 
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• DNA sequence variations that occur when a single nucleotide is 
altered. 

• Must be present in at least 1% of the population to be a SNP. 
• Occur every 100 to 300 bases along the 3 billion-base human 

genome. 
• Many have no effect on cell function but some could affect disease 

risk and drug response. 

SNPs (single nucleotide polymorphisms) 
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Genomic Location of SNPs 



Coding Region SNPs 

Occasionally, a SNP may actually cause a disease. 
 
SNPs within a coding sequence are of particular interest to  
researchers because they are more likely to alter the biological  
function of a protein.  
 

•Types of coding region SNPs 
–Synonymous: the substitution causes no amino acid change to  the 
protein it produces. This is also called a silent mutation. 
 

–Non-Synonymous: the substitution results in an alteration of  the 
encoded amino acid. A missense mutation changes the  protein by causing 
a change of codon. A nonsense mutation  results in a misplaced 
termination.  
 

–One half of all coding sequence SNPs result in non-synonymous codon 
changes.  

 



Intergenic SNPs 

• Researchers have found that most SNPs are not  responsible for a 
disease state because they are intergenic SNPs 
 

• Instead, they serve as biological markers for pinpointing a disease  on 
the human genome map, because they are usually located near a  gene 
found to be associated with a certain disease.  
 

• Scientists have long known that diseases caused by single genes and  
inherited according to the laws of Mendel are actually rare.  
 

• Most common diseases, like diabetes, are caused by multiple genes. 
Finding all of these genes is a difficult task.  
 

• Recently, there has been focus on the idea  that all of the genes involved 
can be traced by using SNPs. 
 

• By comparing the SNP patterns in affected and non-affected  
individuals—patients with diabetes and healthy controls, for example—
scientists can catalog the specific DNA variations that underlie 
susceptibility for diabetes 



Longer term goals:  SNP Application 

• Gene discovery and mapping contributing to diseases 
• Association-based candidate polymorphism testing 
• Diagnostics/risk profiling 
• Response prediction to a specific drug 
• Homogeneity testing/study design 
• Gene function identification etc. 



SNP Genotyping technologies 

• Single Strand Conformation Polymorphisms 
• Mobility difference between homoduplex and 

heteroduplex 
• Allele-specific hydridization 
• Allele-specific enzymatic reaction 
• Allele-specific chemical reaction 
• Direct sequencing  



SSCP analysis detects sequence variations (single-point mutations and other small-scale changes) 
through electrophoretic mobility differences. DNA that contains a sequence mutation (even a 
single base pair change) has a measurable mobility difference compared to wild type DNA when 
subjected to nondenaturing (or partially denaturing) conditions. Less than 300 bp 

Single Strand Conformation polymorphism (SSCP) 

Hayashi et al., PCR Methods Applic. 1991, 1, 34. 
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Mobility difference between homoduplex and heteroduplex 
(Gel based assay) 

Cool more slowly to allow DNA to reanneal; this allows reformation of some of the original 
wild-type and mutant homoduplexes, but also allows formation of heteroduplexes, which 
occur when a wild-type and mutant anneal to each other. Due to the differences in sequence, 
the heteroduplexes will contain conformational differences that allow them to be seperated 
from the homoduplexes. 

Zhang et al. Nat. Protoc. 2007, 1, 3101. 



Mobility difference between homoduplex and heteroduplex 
(Denaturing high performance Liquid Chromatography (DHPLC)) 

Http://www.transgenomic.com/ 

Denaturing high-performance liquid chromatography (DHPLC) compares two or more 
chromosomes as a mixture of denatured and reannealed PCR amplicons, revealing the 
presence of a mutation by the differential retention of homo- and heteroduplex DNAon 
reversed-phase chromatography supports under partial denaturation 



Allele-specific hybridization using direct probe/target 
hybridization 



Allele-specific enzymatic reaction (Primer extension) 

Genotyping with fluorescence-labeled PCR primers 
  
 One: complementary to the wild-type DNA & labeled with rhodamine 
 The other: complementary to the mutant DNA & labeled with fluorescein 



Allele-specific enzymatic reaction 
 (Real time PCR with TaqMan probe) 



Allele-specific enzymatic reaction 
 (SBE: Single base extension) 

Syvanen et al. Genomics. 1990, 8, 684. 



Allele-specific enzymatic reaction 
 (Ligation / Gold Nanoparticle-based Colorimetric Assay) 

Li et al., Nucleic Acids Res. 2005, 33, e168. 



Allele-specific enzymatic reaction 
 (Cleavage: Restriction Fragment Length Polymorphisms (RFLP)) 

Botstein et al., Am J Hum Genet. 1980, 32, 314. 



Direct sequencing 
:Sanger ddNTP Chain Termination Sequencing 
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