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�  Somatic cells	

�  Finished experiments on cells and animal models	

�  Only for some medical conditions 

PREREQUESTS 



Electroporation 



Microinjection 



Viral vectors 



   1991.   



First patient: ADA deficiency 



Jesse Gelsinger 	
was the first person publicly identified as having died (1999)	

 in a clinical trial for gene therapy. He was 18 years old.  



 In  2013. 



• Metachromatic leukodystrophy 
• Destruction of white brain matter - leukodystrophy 
• Ex vivo therapy with lentiviral vectors 
• 60% blood cells with vector  (1 vector per cell) 
• Arilsulfatase-A: 10 x higher then in healthy people 
• Disease onset was late for 7 to 21 months 

• Wiscott-Aldrich syndrome 
• 25%-50% k. stanica eksprimira vektor 

 
• Lentiviral vectors 

• Accepts big genes 
• Easy to isolate and efficient transduction  
• Safety – integrates gene near HMGA2 gene 

 



iPS ���
induced pluripotent stem 

cells 



	

SHINYA YAMANAKA 



iPS production 



iPS  under  microscope 



   Possible use of iPS 
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Gene editing technologies 







	

�   NEJM Dec 2014.	

�  12 people with HIV                                                                     
(over 70 patients treated to date)	

�  ZNF 	

�  50% of patients do not take antiviral TH	

First human gene - editing therapy 





Matt Chappell	
Two years without therapy (most of his adult life he was HIV positive) 



	

�  Healthy gene for factor IX under albumin 
promoter in monkeys	

�  September 2017.: “green light” for human trial	

Haemophilia 



	

�  Edited donor cells to avoid GVHR 	

&	
�  Donor cells resistent to chemotherpy	

Leukemia  



	

	

�  Editing of RPE65 improved light sensitivity in all 	

21 patients	

	

Retinitis pigmentosa 









Evelyn Villarreal   



Gene editing of human zygote	



	

�  August 2017.	

�  Oregon Health and Science University 		

�  Gene MYBPC3	

�  CRISPR-Cas9	

	

Gene editing of human zygote	



70%	
   



	

�  November 2016., China (soon in USA)	

�  Lung cancer	

�  Gene PD-1 was modified 	

	

	

First gene edited human by 
CRISPR-Cas9	



iPS + CRISPR 
 



HUMAN GENOME 





•  Linkage analysis of large femilies, confirmation on animal 
models... 

•  Around 1000 (out of 7000) single gene disorders were 
identified (Huntington d., cystic fibrosis etc) by year 2000 

  

Prior HGP 



Importance of  HGP 

•  Molecular mechanisms of diseases 	

•  Multigenetic disorders 	

•  Microbial genetis 	

•  Antropology, evolution, migration	

•  Agriculture  



Medical impact  

•  Better diagnosis and prognosis 

•  Genotype then therapy	

•  Health risks in % 



Novel scientific disciplines 

•  Proteomics 

•  Bioinformatics 

•  GINA  21.05.2008. 

 



DNA sequencing development 



     SINGLE-CELL SEQUENCING 



Single-cell sequencing 

�  DNA and RNA 

�  On average between 5000 and 15000 active genes per 
cell 

�  Prenatal dg, cancer etc. 



Biological diversity  



After HGP i 

�  5% of our genome is conserved, but only 1,1% are protein 
coding genes 

�  Remaining 4 % are regulatory elements and RNA genes 

�  Around 90% euchromatin is transcribed 	

�  Pseudogenes (around10% genes has it, regulatory role) 



•  Gene number: around 21.000 

•  Gene with most exons - 363 is TITIN  

•  Longest gene is DISTROFIN 2,4 M bp 

•  Very active genes have a few introns  

•  9% of genes are overlapping (usually second strand is 
transcribes) 

After HGP ii 



•  Biological world started as a RNA  

 Followed by proteins – due to their adjustability, and a DNA 
due to its stability  

•  H. Sapiens and C. elegans have 21 and 20 thousand genes 
respectively, and it seems that our complexity comes from 
RNA and proteins 

After HGP iii 



ENCODE I  
Encyclopedia of DNA Elemnts 

	

Goal: To determine function of human DNA  

Who: 440 scientists on 147 cell types	 	 	  
  

RESEARCH (24 types of experiments):   
�  Histone modifications (13/60) 
�  Binding of transcription factors (120/1800) 
�  Distant chromosomal interactions  
�  Promoter region quantification   



ENCODE II 
�  80% of our genome has some sort of functional activity ! 

�  70,000 promoters and 400,000 enhancers 

�  Around 50bp is common for 1000 promoters 

�  2,9 millions of DNaseI sites, and 3700 of them in all cell 
types  



Topologically associated domains  



G M O 





















�  2 000 000 /y. of kids die or suffer developmental defects	



�  In Uganda 30 % of calories from bananas 	

�  Xanthomonas bacterium but there is GMO resistant 
variety (gene from pepper) 



�  Papaya in Hawaii was viraly infected (ringspot virus)	

�  Now in USA 80% papaya are GMO 	



152 Nobel laureates supports GMO 	
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thank you ! 


