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What is a topographic map?

(Kaas, 2002)



What is a retinotopic map?



Sperry’s experiments



Result of rotation



The concept of labels
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Energy-model for branching (Gierer 1983; Sterratt 2013).

g(x, u, t) = [EphA](u)[ephrinA](x)+
ephrinA∗(u)[EphA∗](x)

dc
dt = ερ(x, t) − ηc(x, t)

p(x, u, t) = g(x, u, t) + c(x, t)

(Sterratt 2013)



Wild-type development: 1D

(Sterratt 2013)



Seeing 2dmaps

Figure 1: One RGC into target



Seeing 2dmaps

Figure 1: Mesh generated



2DWild type: final map



2DWild type: development



Principles of topographic map formation

Key elements of map formation, demonstrated by Willshaw & von der
Malsburg (1976):

1. Neighbouring presynaptic neurons fire in synchrony (retinal waves).
2. Cells that fire together wire together.
3. Neighbouring postsynaptic neurons should develop similar connections.
4. Constraints on synaptic growth (normalisation).
5. Map polarity.



1. Activity as a cue for neighbours

Cells that are neighbours in retina could fire together to show their similarity.
Before discovery of retinal waves.
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2. Cells that fire together wire together

Output is a weighted function of input activity.



3. Correlated output

Short-range excitatory (green); longer-range inhibitory (red). Additional
growth rules.



4. Normalisation

Sum of weights synapsing onto one target neuron (j, blue) is constant.

∑
i

wij = K



5. The problem of map polarity

Howmany ways are there to map one rectangle onto another?
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5. Polarity markers in the model

(Willshaw and von der Malsburg, 1976)



Results: systemsmatching

(Willshaw and von der Malsburg, 1976)



Fourty years, fourty models. . .

Which model is best?



Math5 mutant mouse

Gierer Koulakov

Whitelaw Willshaw

A B

C D



Competition framework to test models

! Type II affinity (Prestige and Willshaw, 1975)
with single set of gradients and a competitive
mechanism (Gierer, Whitelaw, and Koulakov);
Gierer and Koulakov also gives a restricted pro-
jection in the Math52/2 case.
! Type I affinity with a single set of retinal gra-

dients together with variable collicular gradients
(Willshaw)
! Models using countergradients cannot be ruled

out but those using fixed gradients with no
plasticity are excluded by the Isl2-EphA3ki/ki

data.

Spontaneous Neural Activity and Hebbian Synapse For-
mation. The main effect we observed in introducing
a mechanism involving neural activity is that it ena-
bles the Koulakov model to reproduce the collapse
point in the Isl2-EphA3ki/ki map. Activity seems also
to be necessary for the refinement of initial axonal
arbors (Lyngholm et al., 2013). The representation of
neural activity in both the Whitelaw and Koulakov
models is quite abstract and so is hard to relate to
experimental data. A more explicit representation
(e.g., spike times or bursting activity of neurons)
would allow retinal wave data to be used more

Figure 10 Lattice analysis of Math52/2 simulations. The Gierer (A) and Koulakov (B) models
show a anteromedial localization of the maps in the SC for Math52/2, with the Koulakov map being
more ordered (78.1 6 8.4 vs 28.4 6 7.6 nodes in largest ordered submap). Both the Whitelaw (C) and
Willshaw (D) models fail to produce the Math52/2 phenotype, instead projecting across the entire
SC.

Table 6 Summary of Model Evaluation

Genotype Gierer Koulakov Whitelaw Willshaw

Wild type ✓ ✓ ✓ * ✓
Isl2-EphA3ki/ki Isl21 misfit Isl21 misfit * ✓ Isl21 misfit
Isl2-EphA3ki/1 No collapse,

Isl21 misfit
* Isl21 misfit No collapse,

Isl21 misfit
No collapse,

Isl21 misfit
TKO (no gradient) No patches Patches but no

global order
No patches Global order

but no polarity
TKO (weak gradient) No patches ✓ No patches Ordered map
Math52/2 * ✓ ✓ Normal map Normal map

Asterisk (*) denotes which phenotype the model was optimized for.
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Developmental Neurobiology

(Hjorth et al., 2015)



Future directions

1. Matching development of maps
2. Alignment of maps
3. Accounting for all mutants
4. Species-specific di�erences



Computational resources

Our competition framework
https://github.com/Hjorthmedh/RetinalMap
Pipeline for model evaluation.

Topographica
https://ioam.github.io/topographica/
General tool (python/gui) for making topographic maps (ocular dominance,
orientation selectivity)

https://github.com/Hjorthmedh/RetinalMap
https://ioam.github.io/topographica/

