Central Roles of Bipolar Cells in Retinal Neuronal Circuits
Hiroki Asari and Markus Meister

Center for Brain Science, Harvard University

Connectivity Dynamics Gating

Question

OFF BC GC2 GC1 OFF BC GC2

[mm] [mm] .. e . .
I 0.5 H+ ‘ 0.5 + Presynaptic inhibition by background, wide-field ACs
. b 0 e 0 e l —_ 0 - 0 - '
How are the signals from 05 - 05 - . erental o
) L. ) -0.4 -0.2 0[s] -0.4 -0.2 0 [s] lobal Differential motion
individual b|p0|ar cells (BCS) Sign-conserving Sign-inverting Sustained Transient = Object (1mm)
. . . P N . A 50 £ - — 50 3 | ,_\—’_\_
distributed to the various A S m@ Co L - Backgroun
. ® M o - = 1 10 mv
types of ganglion cells (GCs)? 5./t . .. " C e L M=) so R P
— -0.5nA 4 w 5 20 I smv
FRT |l R 8 ) o (Now =3, Now=3)  BC2 et e e
2 o % 0 go < 0
MethOdS L 101 2 3 4 5[s] -1 0 1 2 3 4 5[s] 1 0 1 2 3 4 5[s] v 0 01 01 2 3 4 5(s]
Object _—_—
Background et
OFF BC [mm] GC ON BC GC1 ] OFF BC ackgroun:
0.5 + 0.5 + 30 "
Intracellular l - 0 & o — ' — 0 0 il g
recordings @ Excitatory synapse -0.5 ) 05 . 82 120 %
© Inhibitory synapse -0.4 0.2 0[s] -0.4 -0.2 0[s] -
Sign-conserving Sign-inverting Adapting 0.1 mm Non—adapting 2T e 208
5 301 . il - . 30 W« o - 10 E%lg 11)05
Sign-inverting 1/ Feedforward and/or 2 o50f t 7 L g 2 Wb ”W” |J “ & )
effects feedback inhibition £ | 1 s ! t \‘ | ) :
0] 4 ' 10 R HH"M' of 1 | 30
. : I = ! 20| : 20
O 9 @ 4 5 b ; ;
g 2 %lg 10 10 i : 10
Y:Z Wa W £ y &l MIRATS I T
& 20123 4 508 X S0 123 450 o 5 10[s] o 5 1008 ° s Disinhibited
Pre- and/or post- ||T T Disinhibition olﬁ
synaptic inhibition
RAAAS BC projective field on GCs Summary 2 Unaffected
Extracellular (sign-conserving)
recordings Fast Slow Fast ON : . ; K N
9 Sign-conserving effects FFON" OFF  ON/OFF  ON/OFF GC 1 Sustained o Transient 0 AR N 4
lhe 3 ; o-zm 20
R B L 5 5 ; b 2
OFFBC 7 ) o
ff | R Adapting 5 os i ° o 05 1m 30 ' T
- . 6 20| , N 20
- 4 = = 0 } Vo \ ET
Cell-type classification e Cb | M N=7 N=22 : | R
strength + B . 1 .
o : - T o 20 (sign-inverting) 20
Spatial receptive Temporal filter ON BC 10 18 % % éo
Stimulus field (RF) of GC at RF center Fraction o.sL L L Non-adapting 10 1 2 3 4 5[s] 1012 3 4 5[s]
{mm] % 1 z :
0.5 . Distance from BC to GC [mm] § s M N=78 N=4
o | ™\ 8] Summary 3
-0. - f— 0 5 10[s]
5—0.5 0 0.5[mm] 0.1 ms S umma ry 1 (spikes/]
H i . Disinhibited Unaffected
= Sign-conserving effects: Future plans (Nes) (N=43)
pct Fast ON/OLE = The closer, the stronger and denser. 20
Slow ON/OFF . . . 1 1 i
] = Sign-inverting effects: = Examine contributions of:

Fast OFF

Principal components

Temporal filters
(PCs) of temporal filters  projected on PC axes

Average filter for
each cell type

= Weaker and longer working distance

= Cell-type specificity:
= Denser for those w/ similar response polarity
= Broader and denser for OFF BCs

= Amacrine cells (ACs)
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