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Methodology
We established a comprehensive method catalogue 

for optical measurements of light-driven population 
activity along the retina’s entire vertical pathway 
based on synthetic and genetically encoded fluores-
cent activity sensors. 

Our key technique is two-photon microscopy, which 
enables us to excite fluorescent probes in the intact 
living retinal tissue using infrared laser light, with mini-
mal effects on the light-sensitive photoreceptor pig-
ment. Therefore, we can simultaneously record activ-
ity in neurons at both population and subcellular levels 
while presenting light stimuli. This approach is comple-
mented by single-cell electrophysiology and immuno-
cytochemistry, as well as large-scale data analysis in 
close collaboration with the group of Philipp Berens at 
the institute.
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Research Questions:
• Local circuits – How do individual neurons at 

different stages of the retinal network process 
information in their dendrites and/or axon ter-
minal systems?

• The retinal code – How are the numerous paral-
lel output channels present at the level of the 
ganglion cells set up in the retinal network? 
What visual features are encoded in these 
channels?

• Visual ecology – To what extent is the mouse 
retina adapted to the animal’s natural visual 
habitat? What functional roles do retinal spe-
cializations (such as the opsin expression gradi-
ent) fulfill in this context? 

• Health and disease – How does the retinal net-
work rewire and alter its function when photo-
receptors degenerate?
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Visual information processing begins in the ret-
ina, a thin neuronal tissue lining the back of the 
eyeball. As a part of the brain, the retina does not 
only convert the incoming stream of photons into 
electrical signals, it also performs a detailed and 
highly specific analysis of the observed scene. 
Therefore, the retina can be considered a special-
ized and sophisticated image processor. 

All visual information sent from the retina to 
the brain travels along the optic nerve, a major 
bottleneck of the visual system. Therefore, prior 
to transmission to the brain, important aspects of 
the observed scene must be extracted and encod-
ed as spike patterns. 

These features include simple ones such as con-
trast, brightness and “colour”, but also more com-
plex ones, such as information about objects mov-
ing relative to the background. Thus, the retina 
sends in parallel many representations of the vi-
sual scene to the brain; each of these representa-

tions encodes different features and is represent-
ed by one of the roughly 40 retinal ganglion cell 
types whose axon form the optic nerve. The im-
portance of retinal signal processing is highlighted 
by the fact that important decisions – what visual 
information is relevant, and what can be safely 
discarded – is made already in the retina. 
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The computational capabilities of this intricate 
neuronal network rely on nearly 100 types of reti-
nal neurons organized in complex microcircuits. 
Our work aims at unravelling function and orga-
nization of retinal microcircuits towards a better 
understanding of the underlying computational 
principles. Furthermore, we are interested in how 
these circuits are altered during degeneration.
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The Institute for Ophthalmic Research
Seeing is an essential part of human life. As a lead-

ing centre for vision research we conduct rigorous 
research in order to break new ground in under-
standing the principles of vision and the mecha-
nisms of blinding diseases. We are confident that 
this research will enable us to rationally develop ef-
fective treatments that ultimately retain or restore 
vision.

Within the Center for Ophthalmology at the Uni-
versity of Tübingen Medical Centre, we and our col-
leagues at the University Eye Hospital jointly strive 
for scientific excellence, for speed in translating the 
advancements into patient’s benefit, and for train-
ing and mentoring the next generation of leaders in 
our field.

As leaders and partners in multi-national collabo-
rations, we work for continuous strengthening our 
ties to fellow international scientists in the public 
and private sector and to foundations, industry and 
patient organizations.

As an integral part of Tübingen’s biomedical and 
neuroscience campus, we offer a scientific environ-
ment that favors creativity for generating ground-
breaking ideas, their transfer into reality and their 
translation into diagnostics and therapy to help 
those that suffer from vision loss.
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