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Η	  παρεμβολή	  RNA,	  RNAi	  

ΠΑΝΕΠΙΣΤΗΜΙΟ	  ΘΕΣΣΑΛΙΑΣ	  
ΤΜΗΜΑ	  ΒΙΟΧΗΜΕΙΑΣ	  ΚΑΙ	  ΒΙΟΤΕΧΝΟΛΟΓΙΑΣ	  

Νικόλαος	  Μπαλατσός	  



RNA interference, RNAi:   

Specific inhibition of gene expression 
mediated by a short double-stranded RNA, 

called short interfering RNA or siRNA 

Παρεµβολή RNA  
(RNA interference, RNAi):   

Εξειδικευµένη αναστολή γονιδιακής 
έκφρασης µέσω ενός µικρού δίκλωνου RNA, 

γνωστού ως siRNA. 
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Insight and discovery are functionally separable.  	

The one precedes the other.  	

Insight can happen every day.  	

Discovery does not.  	

Insight takes more intelligence, but it is discovery 
that is rewarded...	


	
 	
 	
 	
 	
	

	
 	
 	
 	
 	
Francis HC Crick	








uninjected, mex-3 probe!uninjected, no probe!

antisense mex-3 RNA,!
        mex-3 probe   !

double-stranded mex-3 RNA!
       injected, mex-3 probe!

Double-stranded RNA-induced RNA interference !
causes destruction of a specific mRNA in C. elegans!

Guo, S. and Kemphues, K. J. Cell 81, 611-620 (1995)!
Fire, A. et al. Nature 391, 809 (1998)!



Fire, A. et al. Nature 391, 809 (1998)!





RNAi Timeline 

modified from www.invitrogen.com 

1990   1992        1998       2001         2002        2003     2006 

        1990  
Post  

transcriptional  
gene silencing  

(PTGS) 

1998 
«RNAi» in C. 

elegans 
Fire et al. Nature 

1998; 391: 806 

2001 
Successful siRNA 
experiments in 
mammalian cells 
Elbashir et al Nature 
2001; 411: 49 

2002 
«Breakthrough  

of the year» 

1992 quelling 
in neurospora 

1998-2001  
RNAi 
in yeast  
Drosophila,  
plants, 
trypanosomes 

2002 
Recombinant 
Dicer 
generated 
siRNAs 

2003 
Fortune 
Magazine: 
Biotech’s 
Billion Dollar 
Breakthrough 



The Nobel Prize in Physiology or Medicine 2006 
"for their discovery of RNA interference -  
gene silencing by double-stranded RNA" 

Craig C. Mello 
1/2 of the prize 
USA 
University of Massachusetts Medical School 
Worcester, MA, USA 
b. 1960 

Andrew Z. Fire                         
1/2 of the prize                             

USA                                        
Stanford University School of Medicine 

Stanford, CA, USA                            
b. 1959  



Dicer 
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RISC 
(RNA-‐induced	  silencing	  complex)	  

RNAi:	  Γενικός	  μηχανισμός	  δράσης	  



The short interfering RNA molecule, siRNA 

    5’- UUCAGUGAGUAGAGUCAUATT -3’ 

 3’-  TTAAGUCACUCAUCUCAGUAU -5’ 
«core» 

1 19 



!   1993: Victor Ambros (lin-4)  
   (Cell 1993; 75: 843).  

!   2000: Let-7 (Frank Slack, Ruvkun lab)  
   (Mol Cell 2000; 5:659. Nature 2000;403:901) 

!   Είναι αλληλουχίες στο DNA που µεταγράφονται, αλλά 
δεν µεταφράζονται σε πρωτεΐνη 

!   Προκύπτει από καλυµµένα (5’) - πολυ(Α) πρόδροµα 
µετάγραφα (pri-miRNA) 

!   Πρόδροµη θηλιά ~70 nt (pre-miRNA) 
!   Ώριµο miRNA ~22 nt (miRNA) 

microRNA, miRNA 



Βιογένεση	  των	  miRNAs	  

Giannouli et al. 2012, In: Cancer Biomarkers 



!   Drosha και Pasha: µέλη του “Microprocessor”  
  συµπλόκου (~600-650kDa) 

!   Drosha και Dicer: RNάσες III 
!   Pasha: dsRNA προσδενόµενη πρωτεΐνη 
!   Exportin 5: µέλος πυρηνοκυτταροπλασµατικών 
παραγόντων µεταφοράς καρυοφερίνης  
 (karyopherin nucleocytoplasmic transport factors) 
 Απαιτεί Ran και GTP 

!   Argonautes: ένζυµα µε δράση RNase H 

Βιογένεση και λειτουργία των miRNAs:  
Οι συντελεστές 
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Αλληλεπίδραση	  mRNA	  -‐	  miRNA	  



miRNA + intron = mirtron 



Okamura K et al. Cell 2003; 130: 89 

Μονοπάτια	  των	  mirtron	  και	  miRNA	  



                                     miRNAs 

    «Κανονικό µονοπάτι»                        «µη – κανονικό µονοπάτι» 

Drosha-, Dicer-dependent Drosha-
dependent 

Drosha-independent Dicer-Independent 

•   simtron •   Intron-derived (mirtron) •   AGO-dependent 
(miR-451) 

•   snoRNA-derived •   tRNase Z-dependent 

•   shRNA-derived 

•   pre-esiRNA-derived 

•   tRNA-derived 

•   tRNase Z-dependent 

Προέλευση	  miRNA	  
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http://kirbylab.duhs.duke.edu/gifjpg/zebrafish.jpg 

Zebrafish Development 



miR430 Promotes Decay of Maternal mRNAs 
during Zebrafish Development 
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	  	  More	  roles	  for	  PARN	  in	  miRNA	  biogenesis	  ?	  

Based	  on,	  Yoda	  et	  al.	  2013,	  Cell;	  	  Giannouli	  et	  al.	  2012,	  In:	  Cancer	  Biomarkers	  





BMD 
DMD 
FSHD 
LGMD2A 
LGMD2B 
MM 
NM 
DM 
IBM 
PM 

+ 20 - 30 
+ 15 - 20 
+ 10 - 15 
+ 5 - 10 
+ 3 - 5 
+ 1.5 - 3 
-   1.5 - 3 
-  3 - 5 
-  5 - 10 
-  10 - 15 
-  15 - 20 

miRNAs common to various muscular disorders 

Eisenberg I. et al. (2007) PNAS 104, 17016-17021 

DMD, Duchenne muscular dystrophy 
BMD, Becker muscular dystrophy  
LGMD, Limb girdle muscular dystrophies; LGMD2A, LGMD type 2A; LGMD2B, LGMD type 2B 
MM, Miyoshi myopathy 
FSHD, Facioscapulohumeral muscular dystrophy 
NM, nemaline myopathy 

PM, Polymyositis 
IBM, Inclusion body myositis 
DM, Dermatomyositis 



Nature 435:834-838, 2005 
217 miRNAs 

miRNA expression profile classify human cancers 



http://www.nature.com/focus/rnai/animations/med_res.mov 



hEp://www.youtube.com/watch?v=_-‐9pROnSD-‐A	  

miRNA biogenesis and function 


