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A few basic (“classical”) concepts…���
���
	




 
 

 

The genome"
"
•  the genome is an organism’s complete set of DNA"
"
•  the genome is organized into chromosomes"
"
•  the chromosomes contain genes"
 "
•  genes carry information for making the proteins required by the organism "
"
•  proteins determine, among other things, how the organism looks, how well "
  its body metabolizes food or fights infection, and even how it behaves"

"



Human karyotype by sky fish!



•  Each genome contains all of the information needed to build and     "
  maintain the organism"
"
•  The human body contains about 6x1013 cells of different types (> 300)"

•  number of neurons (whole nervous system): 85,000,000,000"
•  synapses for average adult: 1014–1015 (2,000-5,000 per neuron)"

•  Each somatic cell contains a complete set of genetic information (a "
  genome) and is theoretically able to regenerate the whole organism"

The genome"
 





> 300 different cell types!



•  proteins are one of the basic building blocks of the"
  human body, making up about 16% of our total body"
  weight (muscle, hair, skin, and connective tissue are"
  mainly made up of protein)"
"
•  protein plays a major role in all of the cells (enzymes, "
  hormones, neurotransmitters……)"

•  tissue-specific proteins: e.g. hemoglobin"
"
•  ubiquitous proteins: e.g. DNA-repair proteins"

The proteins "



Tissue-specific expression of the human "
E-cadherin protein"

The protein is expressed in the 
epithelial cells, at the membrane 
level, but is absent in the adjacent 
connective tissue!



Co-expression of Dally-like and 
Engrailed (embryo, stage 13)  

Expression of even-skipped (early stage embryo) 

Protein expression during the embryonic development 
of Drosophila melanogaster!



The Wnt pathway "





DNA structure"



DNA REPLICATION !
PRIOR TO CELL DIVISION:!

!
the double helix of DNA unwinds 

and each side serves as a 
pattern to make a new molecule"



DNA!
!
!
!

RNA!
!
!
!

Protein!





TRANSCRIPTION	

	

	


SPLICING	

	

	


TRANSLATION	




THE HUMAN GENOME PROJECT"



Total number of cells in an adult 
human body"
"

6 x 1013"

DNA sequence (haploid genome)" 3 x 109 base pairs"

Total length" 1.2 x 1014 m"

The human DNA"



���
Which organism has the largest genome?"



There	  is	  no	  correla-on	  between	  complexity	  and	  genome	  size	  



	
Xenopus laevis                        	
 3,000,000,000 ���
	

	
Rattus norvegicus 	
 	
 	
3,000,000,000 ���
���
Mus musculus                          	
3,000,000,000 ���
	

	
Homo sapiens                          	
3,000,000,000 ���
	

	
Bos taurus                                	
3,000,000,000	




Number of Chromosomes"



Highlights of Human Genome Project Timetable 
"•  Proposed in 1990 as 3 billion dollar joint venture"

"between DOE and NIH with 15 year completion goal"
•  Private efforts by Celera Genomics in 1998 helped to"
"accelerate project completion"

•  In 2000, working “draft” of human genome announced"
"(95% complete); draft sequence published in 2001"

•  Work completed in April 2003 (only ~300 small gaps"
"remaining)"



Goals of the Human Genome Project 
"•  Create genetic and physical maps of the 22 autosomes and the X 

and Y chromosomes"

•  Identify the entire set of genes in DNA!

•  Determine the nucleotide sequence of 3 billion base pairs of DNA in 
the haploid genome"

•  Analyze genetic variations among humans (identify polymorphisms)"

•  Map and sequence the genomes of model organisms (e.g., bacteria, 
yeast, nematodes, fruit flies, mice, etc)"

•  Develop the necessary laboratory and computational tools to assist 
in analyzing and understanding gene structure and function"

•  Disseminate genome information to scientists and the public"

•  Examine ethical, social, and legal issues"
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100.000 

 (estimated number) 

 

 

35.000  

(HGP, first data) 

 

 

22.000!!  

(HGP, 2005) 

The number of human genes"



>95% of our DNA consists of non‐protein‐coding DNA	






One gene!
!
!

many possible mRNAs!

ALTERNATIVE 
SPLICING !

(tissue-specific A.S.)!





1 gene transcription 1 mRNA translation   1 PROTEIN!

1 gene transcription + mRNAs translation   + PROTEINS!
! ! ! ! ! ! !(+ post-translational!

 ! ! ! ! ! ! !     modifications)!

	

In man (on the average): 1 GENE            12 PROTEINS!
"



Just how unique are humans? 
"

•  Large number of genes are in common with"
"other organisms"

"
"~ 50% of our genes are also found in fruit flies"
"~ 30% of our genes are also found in yeast"
"~ 80% of our genes are shared with the mouse"
"~ 96% of our genes are shared with chimpanzees"
"~ 100 of our genes are even shared with bacteria"



Genomic comparisons between  
mice and men  

"
• 	  Both organisms have same number of genes"
"
•  Most of the common genes share the same intron and exon    "
  arrangement"
"
•  Nucleotide sequences within common gene exons are      "
  conserved to a high degree"

•  1/4 of alternatively spliced exons are specific either to "
   human or mouse"
"
•  Species specific proteins likely account for the differences "
   between species"



Human genome variability"

Milions of SNPs  



SNPs"

•  Occur every 100 to 300 bases along the 3-billion-
base human genome "

•  Two of every three SNPs involve the replacement of 
cytosine (C) with thymine (T)"

•  SNPs can occur in coding (gene) and noncoding 
regions of the genome "



Microsatellites"



CNVs"

•  A copy number variation (CNV) is a segment of DNA 
in which copy-number differences have been found 
by comparison of two or more genomes"

•  The segment may range from one kilobase to several 
megabases in size"

•  DNA copy number variation is a widespread and 
common phenomenon among humans: it is estimated 
that approximately 0.4% of the genomes of unrelated 
people typically differ with respect to copy number"



Copy number variation"



What are some practical "
benefits to learning about DNA?"



GWAS: 
genome-wide association studies to identify the 

genetic component of complex diseases 
(multigenic/multifactorial)	




THE SPECTRUM OF HUMAN CHARACTERS"
few characters are purely mendelian, purely polygenic or purely environmental"

polygenic 

single-gene 

environmental 

mendelian 

reduced penetrance 

multifactorial with single major locus 

multifactorial 



Multifactorial determination of a disease: "
 "

black and pink spheres represent any combination "
of genetic and environmental factors"

adding an extra black or an extra pink sphere can tip the balance, "
without that particular factor being the cause of the disease"



Complex Diseases"
	


Non-syndromic"
birth defects "

 

Cardio-vascular "
diseases "

 

Psychiatric  and "
degenerative "

disease of brain "
 

Cancer"



Using SNPs to track predisposition to 
complex diseases"







Published Genome-Wide Associations through 12/2009,  
658 published GWA at p<5x10-8 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 



Genome-wide expression analysis"





Laura J. van 't Veer and  René Bernards, 	

Nature 2008	




http://www.ncbi.nlm.nih.gov/genome/guide/human/	


Analysis “in silico”!













>95% of our DNA consists of non‐protein‐coding DNA	




Tomorrow………"

Junk-DNA is not junk at all"

The DNA sequence is just the blueprint"


