Toshihiko Hosoya Profile: Coding rules and the dynamic logic

of interpreting visual information
By Geoffrey Montgomery

Originally trained as a physicist at Tokyo

University, Toshihiko Hosoya is an excellent

exampl e of HFSPO6s emphasi s
principles of internationality, interdisciplinarity

and opportunities for young people. In late

2003, Hosoya returned to Japan from the USA

to head his own research unit at the RIKEN

Brain Science Institute, where he is continuing

pioneering studies of the vertebrate retina that

he began as an HFSP Long-Term Fellow in

Mar kus Mei st er 0s Il ab at Har v e
These studies, published as an article in

Nature in July, 2005 (436: 71-77), are at the

forefront of a new wave of investigations into the adaptive, dynami ¢ | ogi ¢ of the Acodi |
used by neural circuits of sensory systems.

Even as a physics undergraduate student, Hosoya was drawn to the mystery of how brains
functioned. He read a great deal, and consulted with older friends who had moved into the field
of neurophysiology. But more even than the tools of neurophysiologyd recording electrodes,
patch clamps, chemical agents for blocking different components of neural signalingd Hosoya
became fascinated by the possibility of somehow adapting the powerful and precise methods of
molecular genetics to analyze the information-processing logic of neural circuits. i | t hought that
someday by identifying the molecular characteristics of different neurons and [genetically]
modifying their functions, one could develop a very powerful tool to analyze neural network

functions. 0 The Drosophila fruitfly field combi ne
intermediate complexity and an ever-expanding armamentarium of molecular genetic tools.

Hosoya switched from physics t o Drosophil a mol ecul ar bi ology. fi |
genetic techniqgues, but I didndt find or come up Wwi
interesting way to neural net wor ks. o l nstead, Hos o

functions of a critical gene, glial cells missing, that acts as a master regulator of the

developmental choice between neuronal and glial cell fate during the formation of the fly brain

(Hosoya et al. (1995) Cell 82: 1025-36). This opened a highly productive research path; Hosoya

obtained a large grant to pursue these findings in mice, leading to a number of publications.

However, Hosoya felt that he was working within a well-defined developmental paradigm in which

the sequence of experiments he needed to perform were fairly obvious, almost dictated in

advance. fi di dnodt really have the experience of t
trying to generate new ideas. 0 Mor eover, his passi
neural networks had been left behind, like a youthful romantic dream, unfulfilled.

Hosoya decided to switch fields again: to become a neurophysiologist. His experience as a
Drosophila developmental neurobiologist had impressed upon him how diverse and specific were
different neurons in terms of their gene expression patterns, morphology and connectivity. At the
same ti me, il had the i mpressi on thiddes strucue.ud al net w
Hosoya felt this sense of neural diversity and hidden network structure generally was not
appreciated by theoretical neural network studies, or by many neurophysiological investigators of
compl ex networks, fAwhere people usually implicitly a




and mostly uni f ortannedmoleculArsleveopnpehtal-seurabiolsgist now turning
towards neurophysiology, he was attracted to studying a small neural circuit with well-defined
components and local connections, a circuit amenable to quantitative functional analysis. Once
again he wenttothe | i t erature and firead work from many | abor
investigations of small neural circuits of the kind that interested him, but became particularly
attracted to the systems studied in two labs in the U.S.A, which he then visited. One, in
California, did beautiful work on the olfactory system in insects; but as a physicist, Hosoya was
concerned that the input to olfactory neural circuitsd i what ev er kind of [odorifer

are in strawberry, 0 cesisteddxa&trquaptitative descrphioa and analysis.

The other | aboratory, Mar kus Mei sterés in Cambri dge,
retinas, in which |ight stimul:i could be precisely
some circumstances, 0 expl ains Hosoya, fifyou can describe a
bet ween | ight sti mul us adtde actienupotantials byuwhiehu retinab f spi kes

ganglion cells send information about the visual world to the brain via the optic nerve. The
richness yet guantitative rigor of Mei sterds Harvar
Hosoya that iMei ster would be the best supervisor f

characteristics of a smal | neur al circuit.o

Hosoya applied f or an HFSP fell owship because of Aits f1
because of the programébés reputation of supporting o
change fields to pursue their deepest scientific interests. During his HFSP-supported studies at

Harvard, Hosoya investigated the coding rules used by retinal neurons, work that has led to a

fundamental new perspective on the dynamic nature of sensory circuits.

The retina, considered an outpost of the higher brain, is the best characterized neural network of

the vertebrate central nervous system. Its cells are stacked like a five-layer sandwich.

I nterwoven through the neural ci r cpuocessing pathwaygshese fi ve
from photoreceptor to bipolar cell to reti n a | ganglion cel l; and fAhorizont
horizontal and amacrine cells orthogonal to the path of incoming light, which, through their

multiple connections with cells along the vertical pathway, can pool information from many

neighboring points of the visual field.



