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The appropriate function of the nervous system relies on precise patterns of connectivity among
hundreds to billions of neurons across different biological systems. Evolutionarily conserved
patterns of neural circuit organization and connectivity between morphologically and functionally
diverse sets of neurons emerge from a remarkably robust set of genetic blueprints, uniquely
defining circuits responsible for planning and execution of behavioral repertoires (Arenkiel et al.,
2004; Dasen, 2009; Pecho-Vrieseling et al., 2009; Stirmeli et al., 2011; White and Sillitoe, 2013;
Inamata and Shirasaki, 2014). Although it is well-established that individual neurons represent the
elemental building blocks of the brain, understanding the architecture of neural circuits and how
neurons functionally “wire up” through synapses, remains one of biology’s major challenges. Our
current understanding of how interconnected neuronal populations produce perception, memory,
and behavior remains nascent. To unravel the details of complex nervous system function, we
must consider not only the morphological and physiological properties of individual neurons,
but also the structure and function of connections formed between different cell types. In the
last decade much effort has been focused on trying to fully characterize “the brain connectome”
and to understand how patterns of synaptic connectivity between neurons might help to better
inform the underlying defects associated with neurological and psychiatric disorders (Sporns et al.,
2005; Lichtman and Sanes, 2008). More recently there is a growing interest in mapping, and
eventually classifying, all synapses in the brain to construct a complete “synaptome” (DeFelipe,
2010; O’Rourke et al., 2012). The very nature of these studies, which rely on multidisciplinary
research efforts, have thus catalyzed the development of new research tools and technologies.
For instance, advances in molecular genetics, viral engineering, and imaging technologies now
allow precise labeling, manipulation, and mapping of complex neural circuits, together revealing
previously unattainable details about the cellular morphologies and subcellular structures that are
unique to the different types of neurons that make up the brain. Such technological advances
could not be possible without successful co-evolution of novel computational tools and analytical
methods that allow acquisition, management, and interpretation of gigantic and complex datasets.
In fact, this last point perhaps represents the main challenge for the future of “connectomics”
(Lichtman et al., 2014).

This Research Topic comprises a wide variety of articles contributing to current views and
understanding of different neural circuits, how they are organized in neural networks, and what are
the functional outputs of this organization. Additionally, pioneering researchers in the field review
novel high-throughput tools and analytical approaches, further describing how these methods have
evolved to better explore neural circuits at different levels, covering a wide spectrum of analyses
that range from the study of big volumes of brain tissue, to the functional properties of a given
network.

The Research Topic eBook is organized into three chapters that cover different aspects of
our current knowledge of neural circuits. In chapter 1 the reader will find articles related to
the architecture and structural definition of neural circuits. In this chapter Li et al. (2014) use
a combination of classical immunofluorescence techniques and immuno-Electron Microscopy
(EM) to understand the neuronal connectivity of a pain-related circuitry. With a similar aim,
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Serrano-Velez et al. (2014) apply fluorescent retrograde labeling
together with freeze-fracture replicaimmunogold labeling (FRIL)
to understand the synaptic organization of the mosquitofish
spinal cord. Marc et al. (2014) fully characterized the complete
connectome of a retinal cell population using a combination
of serial-EM and immunolabeling of small molecules. Soiza-
Reilly and Commons (2014) discuss recent evidence about the
complex architecture of the dorsal raphe’s synaptic neuropil
using the novel high-resolution imaging technique called array
tomography. Nagayama et al. (2014) review the wiring diagram
of the olfactory bulb integrating anatomical and functional
aspects. In chapter 2, authors describe and discuss genetic and
chemical manipulations of neuronal populations to understand
their functionality and their role in neural networks. Thus,
Harris et al. (2014) present a high-throughput characterization
of numerous new mouse lines that express Cre recombinase
selectively in different neuronal populations, allowing dissection
and manipulation of neuronal population-specific circuits.
Burgalossi et al. (2014) explore the complex neural coding
of the medial entorhinal cortex under different environmental
conditions. and Wachowiak (2014) use novel
genetically-encoded calcium sensors (GCaMPs) to explore the
cortical feedback to the olfactory bulb. Kawashima et al. (2014)
review recently characterized activity-dependent promoters and
enhancer elements particularly useful for monitoring the activity
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of neural networks. Additionally, Murphey et al. (2014) discuss
how genetically encoded fluorescent proteins, viral tracing
methods, opto- and chemical genetics, and biosensors can be
used in the study of inhibitory interneurons. Finally, in chapter
3, new methods and tools for data acquisition and analysis are
introduced and discussed. Mazurek et al. (2014) describe new
analytical tools to extract quantitative data from orientation and
direction selectivity studies in the visual cortex. Hayworth et al.
(2014) introduce a novel approach for mapping and imaging
large libraries of ultrathin sections. In addition, Liitcke et al.
(2013) present a novel method to assess the quality of spike
dynamics and network topology inferred from calcium imaging
data.

Together, this Research Topic brings to the readers not only
new neurobiological data and novel analytical tools, but also
offers new perspectives about the way we think about neural
circuits and networks, giving rise to important insights to be
considered when exploring structural and functional features of
micro- and macrocircuits.
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