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 Ta q M a n  P ro b e s  -  h yd ro l y s i s  b y  Ta q  p o l y m e ra s e  
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 E X A M P L E :  d e t e c t i o n  o f  p a ra s i t e  P l a s m o d i u m  f a l c i p a r u m  

 m i c ro s c o p i c  o b s e r va t i o n s  o f  b l o o d  s m e a rs  i s  l a b o u r  i n t e n s i v e  

 E L I SA  d o e s  n o t  d i f fe re n t i a t e  b e t w e e n  p a s t  a n d  p re s e n t  i n fe c t i o n  

 D N A  d i a g n o s t i c  sy s t e m  m e a s u re  o n l y  c u r re n t  i n fe c t i o n  

O t h e r  ex a m p l e s :    S a l m o n e l l a  t y p h i  ( fo o d  p o i s o n i n g )   

                         E s c h e r i c h i a  c o l i  ( g a s t ro e n t e r i t i s )  
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 f l u o r e s c e n c e  i n  s i t u  hy b r i d i s a t i o n  ( F I S H )   

 n e w  t e c h n i q u e  f o r  k a r y o t y p i n g  

 c h r o m o s o m e  a b n o r m a l i t i e s  ( s e g m e n t a l  d e l e t i o n s  a n d  t r a n s l o c a t i o n s )  

 a n e u p l o i d y  ( a b n o r m a l  n u m b e r  o f  c h r o m o s o m e s )   

n o r m a l  f e m a l e  n o r m a l  m a l e  

X  

Y  

1 6  

1 3  

  

 

1 4  

n o r m a l  1 3 ,  1 4  m o n o s o m y  1 4  

http://en.wikipedia.org/wiki/Image:FISH_(technique).gif
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 D N A  m i c ro a r ra y  ( D N A  c h i p )   

 1 0 4  t o  1 0 6  p r o b e s  ( r e p o r t e r s )  

 s p o t  -  p i c o m o l e  ( 1 0 - 1 2  M )  o f  o l i g o   

 p r o b e - t a r g e t  h y b r i d i z a t i o n  

 l a b e l l i n g  b y  c h e m i l u m i n e s c e n c e ,  

f l u o r o p h o r e  o r  s i l v e r  

 b i o i n f o r m a t i c s  d a t a  p r o c e s s i n g  
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 p o lymerase  c h a in  re ac t ion  ( P CR)  

 a m p l i f y  s i n g l e  o r  fe w  c o p i e s  o f  D N A  t o  m i l l i o n s  o f  c o p i e s  

 t h e  p re s e n c e  o f  t h e  a p p ro p r i a t e  a m p l i f i e d  s i ze  f ra g m e n t   

( p ro d u c t )  c o n f i r m s  t h e  p re s e n c e  o f  t h e  t a rg e t  

 s p e c i f i c  p r i m e rs  a re  a va i l a b l e  fo r  d e t e c t i o n  o f   

b a c t e r i a  ( E .  c o l i ,  M .  t u b e r c u l o s i s ) ,  v i r u s e s  ( H I V ) ,  f u n g i  

 e a r l y  d i a g n o s i s  o f  m a l i g n a nt  d i s e a s e s  ( l e u ke m i a )  
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 p o lymerase  c h a in  re ac t ion  ( P CR)  

 r e a l - t i m e  P C R  ( q P C R )  

o n o n - s p e c i f i c  f l u o r e s c e n t  d y e s  t h a t  i n t e r c a l a t e  w i t h  d s D N A  

o s e q u e n c e - s p e c i f i c  D N A  p r o b e s ,  o l i g o n u c l e o t i d e s  l a b e l e d  w i t h  

f l u o r e s c e n t  r e p o r t e r  
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 p o lymerase  c h a in  re ac t ion  ( P CR)  

 r e v e rs e  t ra n s c r i p t i o n  P C R  ( R T - P C R )  

 r e a l - t i m e  r e v e rs e - t ra n s c r i p t i o n  P C R  ( q R T - P C R )  
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 p olymerase  c h a in  re ac t ion  (PCR)  

 i m m u n o q u a n t i t a t i v e  r e a l - t i m e  P C R  ( i q P C R )  

o c o m b i n e s  s p e c i f i c i t y  o f  a n t i b o d i e s  a n d  s e n s i t i v i t y  o f  P C R  

o o v e r c o m e  i n s u f f i c i e n t  s e n s i t i v i t y  o f  a v a i l a b l e  i m m u n o l o g i c a l  m e t h o d s  

o s e n s i t i v e  f o r  v e r y  l o w  b u t  s t i l l  d a n g e r o u s  l e v e l s  o f  p a t h o g e n s  

 E X A M P L E :  p r i o n  d e te c t i o n  

d e t e c t i o n  l i m i t  1 0 0  n g / L  

1 0 - f o l d  l o w e r  t h a n  c l a s s i c a l  E L I S A  
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 p olymerase  c h a in  re ac t ion  (PCR )  

 ra n d o m  a m p l i f i e d  p o l y m o r p h i c  D N A  ( R A P D )   

o „ r a n d o m “  p r i m e r s  u s e d  t o  p r o d u c e  D N A  f i n g e r p r i n t  

o p r i m e r s  a n n e a l  i n  m a n y  p l a c e s  o n  t e m p l a t e  D N A   

a n d  p r o d u c e  v a r i e t y  o f  s i z e s  o f  a m p l i f i e d  p r o d u c t s  

D N A  f i n g e r p r i n t i n g  
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 p olymerase  c h a in  re ac t ion  (PCR )  

 r e s t r i c t i o n  f ra g m e n t  l e n g t h  p o l y m o r p h i s m  ( R F L P )  

o m a n y  d i s e a s e s  c a u s e d  b y  s i n g l e  n u c l e o t i d e  c h a n g e  

o m e t h o d  d e p e n d e n t  o n  m u t a t i o n  w i t h i n  r e c o g n i t i o n  s i t e   

o f  r e s t r i c t i o n  e n z y m e  

 

 E X A M P L E :  d i a g n o s t i c s  o f  s i c k l e  c e l l  a n e m i a  

o a n e m i a  a n d  d a m a g e  t o  h e a r t ,  l u n g ,   
b r a i n ,  j o i n t s  a n d  o t h e r  o r g a n s  

o s i n g l e  n u c l e o t i d e  c h a n g e  i n  6 t h  a a   
o f  b e t a - c h a i n  o f  h e m o g l o b i n  ( E 6 V )  

o n o r m a l  D N A  s e q u e n c e  C C T G A G G  ( A )  

o m u t a n t  D N A  s e q u e n c e  C C T G T G G  ( S )  

o h o m o z y g o u s  s t a t e  S S  r e d  b l o o d  c e l l s   
i r r e g u l a r l y  s h a p e d  

NORMAL                    SICKLE-CELL 



Nucleic acid diagnostic systems 

 p olymerase  c h a in  re ac t ion  (PCR )  

 o l i g o n u c l e o t i d e  l i ga t i o n  a s s a y  ( P C R / O L A )  
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 p olymerase  c h a in  re ac t ion  (PCR )  

 Pa d l o c k  p ro b e  ( P C R / P L P )  

o t a r g e t - c o m p l e m e n t a r y  s e q u e n c e s   

a t  5 ′  a n d  3 ′  e n d s   

o l i g a t e  o n l y  i f  p e r f e c t  m a t c h  

o o n l y  l i g a t e d  f o r m s  a t t a c h  t o  t a r g e t   



Nucleic acid diagnostic systems 

 p olymerase  c h a in  re ac t ion  (PCR )  

 Pa d l o c k  p ro b e  ( q P C R / P L P )  

o t a r g e t - c o m p l e m e n t a r y  s e q u e n c e s   

a t  5 ′  a n d  3 ′  e n d s  ( T 1 ,  T 2 )  

o u n i v e r s a l  p r i m e r  s i t e s  ( P 1 ,  P 2 )  

o r e p o r t e r  s e q u e n c e  ( Z i p )  

o o n l y  l i g a t e d  f o r m s  a t t a c h  t o  t a r g e t   

 

Szemes et al. 2005. Nucl. Acids Res. 33: e70 
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 D NA se q uenc ing  

 m o s t  d i re c t  m e t h o d  

 b e c o m e  c h e a p  a n d  fa s t ,  p u s h e s  o t h e r  m e t h o d s  b a c k w a rd  

 g e n e s ,  g e n e t i c  re g i o n s  ( i . e .  g e n e  c l u s t e rs  o r  o p e ro n s ) ,   

f u l l  c h ro m o s o m e s  o r  e n t i re  g e n o m e s  

 E X A M P L E :  D i a g n o s t i c  fo r  D u c h e n n e  m u s c u l a r  d y s t ro p hy  ( D M D )  

 m u t a t e d  d i s t r o p h i n  ( ” i m p l o s i o n ”  o f  m u s c l e  c e l l s )  

 X - l i n ke d  r e c e s i v e ,  c a r r i e r  m o t h e r  

 d y s t r o p h i n  g e n e  l a r g e  ( 2 , 4  M b )  

 f i r s t  m u t a t i o n  c a r r i e r  o f t e n  m o s a i c   

( b l o o d  m a y  b e  n o t  a  m u t a t i o n  c a r r i e r )  

 



Nucleic acid diagnostic systems 

 D NA se q uenc ing  

 2 0 0 3  H u m a n  G e n o m  P ro j e c t  ( 1 3  y e a rs )  

 2 0 0 8  J a m e s e  Wa t s o n  g e n o m  ( 6  m o n t h )  

 2 0 1 5  g e n o m e  s e q u e n c i n g  i n  ( 1 0  h o u rs )  

 

 



Digital diagnostics 

 s i n g l e  m o l e c u l e  p y r o s e q u e n c i n g  

 d ro p l e t s  1  p i c o l i t e r  ( 1 0 - 1 2  l i t e rs )  

 1  m i l .  re a d s / r u n ,  1 - 1 0  U S D / M b a s e  

 d r o p l e t  d i g i t a l  P C R   

 d r o p l e t s  1  n a n o l i t e r  ( 1 0 - 9  l i t e r s )  

 2 0  t h o u s a n d  r e a d s / r u n  

 s i n g l e  m o l e c u l e  E L I S A  

 v o l u m e  1 0  f e m t o l i t e r  ( 1 0 - 1 5  l i t e r s )  

 s u b f e m t o m o l a r  r a n g e  s e n s i t i v i t y   



Personalized medicine 

 me dica l  p ract ice  and  products  ta i lored  to  in d iv idual  p at ient  

 ge n et ic ,  mo le cular  o r  c e l lu lar  d iagnist ics  

 ge n et ic  in format ion  h as  major  ro le  in  p e rs on a l i ze d  me d ic in e   

(e . g .  pharmacogenomics )  

 m in iatu r i zat ion  /  s imp le  h an d h e ld  d ev ice s  

 me d ica l  d iagnost ics  f rom  h os p i ta l /c l in ics  to  o ff i c e /home 



Personalized medicine 

 p h armacogenomics  

 d e s i g n i n g  t h e  m o s t  e f fe c t i v e  d r u g  t h e ra p y  

b a s e d  o n  s p e c i f i c  g e n e t i c  p ro f i l e  o f  p a t i e n t  

 d i f fe re n t  d r u g  e f fe c t s  -  g e n e t i c  p o l y m o r p h i s m s  



Personalized medicine 

 p h armacogenomics  

 p e rsonal ized  o n cology  

 a n a l y s e  t u m o r  

 d e s i g n  s p e c i f i c  t re a t m e n t  



Personalized medicine 

 p h armacogenomics  

 p e rsonal ized  o n cology  

 p re - implantat ion  ge n et ic  d iagnos is  ( P G D )  

 7 0 0 0  g e n e t i c  d e s e a s e s  4 0 0 0  k n o w n  ( M e n d e l i a n i a n  h e re t i g e )  



Personalized medicine 

 p h armacogenomics  

 p e rsonal ized  o n cology  

 p re - implantat ion  ge n et ic  d iagnos is  ( P G D )  

 ge n e e d i tt ing  ( ge ne  therapy )  



Personalized medicine 

 p h armacogenomics  

 p e rsonal ized  o n cology  

 p re - implantat ion  ge n et ic  d iagnos is  ( P G D )  

 ge n e e d i tt ing  ( ge ne  therapy )  
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