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Editorial on the Research Topic

Advancing Our Understanding of Structure and Function in the Brain: Developing Novel
Approaches for Network Inference and Emergent Phenomena

Complex systems are ubiquitous in nature and are the subject of intense research in the last decades
[1]. A complex system is composed of a large number of non-trivially interacting components whose
collective behavior cannot be determined from the behavior of the components [2]. Many real-world
systems can be modeled as complex, such as stock markets, the Internet and the brain [3].

In the brain, a massive number of microscopic components (neurons or cortical areas) interact in
nonlinear ways, where important information resides in the relationships among them and not
necessarily within their individual dynamics. Hence, studying the dynamics of these components
without knowing how they are interconnected does not allow for the understanding of the behavior
of the brain as a whole. Furthermore, connectivity is often unknown and difficult to infer due to large
system-sizes and multiple time and spatial scales. This poses significant challenges and open
questions.

The work in this Research Topic advances our understanding on complex systems at large and on
the inner workings of the brain. The reader will find novel analytical and computational results on
these fields as well as the mathematical-models pertaining to complex systems and network
neuroscience.

In the first paper by Lassa Ortiz et al., the open problem of the nervous system representation of a
motor program is addressed. In birdsong production, it has been proposed that some special
temporal instances are preferentially represented in the cortex. The authors computed these
temporal instances for two species and reported which of them is better suited to test the
proposed coding and alternative models, against data.

The mechanisms underlying effective propagation of high intensity information over a
background of irregular firing and response latency in cognitive processes remain unclear. To
address this open problem, the author in He proposes a synchronous spiking cortical column
propagation integration circuit (SSCCPI). Using numerical simulations, it was demonstrated that
SSCCPI circuits provide a possible mechanism of effective signal propagation in cortical networks.
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Interactions between different temporal scales of the
information flow in complex networks were studied in
Sotero et al. and were found to be stronger in scale-free than
in Erdés-Rényi networks. It was also found that phase-
amplitude coupling decreased in subjects with Alzheimer’s
disease compared to healthy controls. These results suggest a
link between cognitive impairment and multi-scale
information flow in the brain.

Imagined activities can be a cognitive basis for creative
thinking. However, it is still unknown how they are related to
the architecture of the brain. The authors in Baravalle et al. used
an information theoretical approach accounting for the time
causality of the signal and the closeness centrality of different
nodes. They discovered the pertinence of the alpha band while
performing and distinguishing specific imaginary or visuomotor
assignments.

Excitatory neurons in the visual cortex are significant in
understanding brain functions. However, some neuron types
and their morphological properties have not been fully
deciphered. The authors in Zhang et al. applied the brain-wide
positioning system to image the entire brain of two Thyl-eYFP
H-line male mice. Their results demonstrate a paradigm for
resolving the through single-neuron-level
quantification and show potential to be extended to reveal the
connectome of other sensory and motor systems.

Excessively high neural synchronization has been associated
with epileptic seizures, one of the most common brain diseases
worldwide. In Protachevicz et al., the authors studied neural
synchronization in a random network where the dynamics on the
nodes are given by adaptive exponential integrate-and-fire
neurons with excitatory and inhibitory synapses. Their results
demonstrate that external electrical stimulation not only can
trigger synchronous behavior, but more importantly, can be
used to reduce abnormal synchronization and thus, control
epileptic seizures.

visual cortex

REFERENCES

1. Thurner S, Hanel R, Klimek P. Introduction to the theory of complex systems.
Oxford, UK: (Oxford University Press (2018).

2. Barrat A, Barthelemy M, Vespignani A. Introduction to the modelling
and analysis of complex systems. Cambridge, England: Cambridge
University Press (2008).

3. Sayama H. Introduction to the Modelling and Analysis of Complex
Systems. OPEN SUNY: Textbooks (2015).

Editorial: Network Inference and Emergent Phenomena

Time-keeping in the medial premotor cortex is governed by
four kinds of ramp cell populations. In Wei et al, a spiking
neuron model is presented and used to construct a complete
circuit for temporal processing. The authors showed that it can
reflect many of the physiological neural circuits in the brain and
explain some of the phenomena in the temporal-perception
process.

Connectivity and biophysical processes determine the
functionality of neural networks. The authors in Kim et al
developed a real-time framework, called Neural Interactome,
to visualize simultaneously and interact with the structure and
dynamics of neural networks. They examined scenarios studied
experimentally, such as touch response circuits and explored new
scenarios that did not undergo elaborate experimental studies.

Recurrent neural networks can produce sustained state-to-
state transitions without any driving inputs, where their
dynamical properties are determined by neural connection
strengths. In Krauss et al., the authors used multi-dimensional
scaling to study similarity relations among topologically distinct
motifs. Strikingly, they reported that the key parameter that
controls motif dynamics is the ratio of excitatory to inhibitory
connections.

Finally, a new computational framework that implements
asynchronous neural dynamics was used in Bronzon to
address the duality between synchronous vs asynchronous
processes and their relation to conscious vs unconscious
behaviors. The new framework proposes a tool to study the
emergence of brain structures that might be associated with
higher level cognitive capabilities.
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