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Dendrites	
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  elements:	
  

Examples	
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	
  Current	
  can	
  escape	
  through	
  addi'onal	
  pathways:	
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  response	
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  Current	
  can	
  escape	
  through	
  addi'onal	
  pathways:	
  speeds	
  up	
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	
  Cable	
  diameter	
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  input	
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Proper'es	
  of	
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  length	
  

	
  Current	
  can	
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  speeds	
  up	
  decay	
  

	
  Cable	
  diameter	
  affects	
  input	
  resistance	
  

	
  Cable	
  diameter	
  affects	
  transmission	
  velocity	
  







Passive	
  computa'ons	
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  and	
  Hausser,	
  2005	
  



Passive	
  computa'ons	
  

Linear	
  filtering:	
  

	
  Inputs	
  from	
  dendrites	
  are	
  broadened	
  and	
  delayed	
  

	
  Alters	
  summa'on	
  proper'es..	
  	
  
	
  coincidence	
  detec'on	
  to	
  temporal	
  integra'on	
  

	
  Segrega'on	
  of	
  inputs	
  

	
  Nonlinear	
  interac'ons	
  within	
  a	
  dendrite	
  
	
  -­‐-­‐	
  sublinear	
  summa'on	
  
	
  -­‐-­‐	
  shun'ng	
  inhibi'on	
  

	
  Delay	
  lines	
  

	
  Dendri'c	
  inputs	
  “labelled”	
  



Delay	
  lines:	
  the	
  sound	
  localiza'on	
  circuit	
  

Spain;	
  Scholarpedia	
  



Passive	
  computa'ons	
  

London	
  and	
  Hausser,	
  2005	
  



Ac've	
  dendrites	
  

Mechanisms	
  to	
  deal	
  with	
  the	
  distance	
  dependence	
  of	
  PSP	
  size	
  	
  

 	
  Subthreshold	
  boos'ng:	
  inward	
  currents	
  with	
  reversal	
  near	
  rest	
  
Eg	
  persistent	
  Na+	
  

 	
  Synap'c	
  scaling	
  

 	
  Dendri'c	
  spikes	
  
Na+,	
  Ca2+	
  and	
  NMDA	
  
Dendri'c	
  branches	
  as	
  	
  	
  
mini	
  computa'onal	
  units	
  

 	
  backpropaga'on:	
  
	
  feedback	
  circuit	
  
	
  Hebbian	
  learning	
  through	
  
supralinear	
  interac'on	
  of	
  backprop	
  spikes	
  with	
  inputs	
  



Segrega'on	
  and	
  amplifica'on	
  



Segrega'on	
  and	
  amplifica'on	
  



Segrega'on	
  and	
  amplifica'on	
  

The	
  single	
  neuron	
  as	
  a	
  neural	
  network	
  



Synap'c	
  scaling	
  

Currents	
  

Poten'al	
  
Distal:	
  integra'on	
  
Proximal:	
  coincidence	
  

Magee,	
  2000	
  



Expected	
  distance	
  dependence	
  

Synap'c	
  poten'als	
   Soma'c	
  ac'on	
  poten'als	
  

Magee,	
  2000	
  



CA1	
  pyramidal	
  neurons	
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  proper'es	
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Ac've	
  proper'es:	
  voltage-­‐gated	
  channels	
  

Major	
  player	
  in	
  synap'c	
  scaling:	
  hyperpolariza'on	
  ac'vated	
  K	
  current,	
  Ih	
  

Increases	
  in	
  density	
  down	
  the	
  dendrite	
  
Effec'vely	
  outward	
  current	
  due	
  to	
  deac'va'on	
  during	
  EPSP	
  hyperpolarizes,	
  
shortens	
  EPSP	
  dura'on,	
  reduces	
  local	
  summa'on	
  	
  

Na	
  +,	
  Ca	
  2+	
  or	
  NDMA	
  receptor	
  block	
  eliminates	
  supralinearity	
  	
  

For	
  short	
  intervals	
  (0-­‐5ms),	
  summa'on	
  is	
  linear	
  or	
  slightly	
  supralinear	
  

For	
  longer	
  intervals	
  (5-­‐100ms),	
  summa'on	
  is	
  sublinear	
  

Ih	
  and	
  K+	
  block	
  eliminates	
  supralinearity	
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  channels	
  

Major	
  player	
  in	
  synap'c	
  scaling:	
  hyperpolariza'on	
  ac'vated	
  K	
  current,	
  Ih	
  

Increases	
  in	
  density	
  down	
  the	
  dendrite	
  
Effec'vely	
  outward	
  current	
  due	
  to	
  deac'va'on	
  during	
  EPSP	
  hyperpolarizes,	
  
shortens	
  EPSP	
  dura'on,	
  reduces	
  local	
  summa'on	
  	
  



Synap'c	
  proper'es	
  

While	
  ac've	
  proper'es	
  contribute	
  to	
  summa'on,	
  don’t	
  explain	
  normalized	
  amplitude	
  

Shape	
  of	
  EPSC	
  determines	
  how	
  it	
  is	
  filtered	
  ..	
  Adjust	
  ra'o	
  of	
  AMPA/NMDA	
  receptors	
  

Eliminate	
  role	
  of	
  Ih	
  



Direc'on	
  selec'vity	
  

Rall;	
  fig	
  London	
  and	
  Hausser	
  


