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Chapter 10: Cross-disciplinary 

collaboration in neuroscience: Genetics, 

data science, and clinical practice   

10.1. Introduction 

Cross-disciplinary collaboration can heighten the success of efforts to tackle highly 

complex problems, such as those in the realm of neuroscience. For neuroscience 

research, defined broadly to include all aspects of nervous system structure and function, 

this commonly entails efforts to relate biological, physical, or computational features of 

the nervous system at some level of resolution to questions of medical practice and 

patient health, diagnosis, and treatment. Integrative approaches across biology, data 

science, and clinical medicine will be emphasized here by drawing upon recent 

experiences and exploratory research collaborations that may be considered useful 

models. Emphasis will be given to psychiatric disorders, given the considerable need for 

an improved understanding of the pathophysiology of these conditions and their 

treatment, particularly during the depressive and psychotic phases of illness. Patients 

with schizophrenia and bipolar disorder will serve as recruitment pools for these 

exploratory studies. The goal of the work will be to develop, and potentially validate, 

biomarkers for prediction of treatment response to psychopharmacological interventions 

or to neuromodulation therapies. Biological measures of interest will include p-histone 

3 mRNA expression and telomere length for the identification of subpopulations of 

individuals with mood disorders who have shorter life expectancy or are treatment-

resistant to mood-stabilizing or mood-reducing drugs (Nguyen et al., 2023; Lee et al., 

2023; Martinez et al., 2024). 

Further attention will also be given to neuroscientific efforts targeting combination 

therapies that offset resistance to treatment with selective serotonin reuptake inhibitors. 

This would address the widely recognized issue of loss of treatment efficacy associated 

with acute and chronic management of depressive disorders. In so doing, loss of 
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resilience would be identified using the measurement of telomere length. We will also 

explore molecular mechanisms for this phenomenon, and offer the possibility that these 

may be amenable to drug repurposing approaches involving adjunctive treatment with 

inhibitors due in part to previously reported epigenetic regulators known as activators 

that may play a significant neuroprotective role in humans. Of course, planning for and 

conducting any sort of neuroscience research involving patients requires the 

establishment of collaborative efforts between neuroscientists and clinicians involved in 

the care of patients with specific conditions of interest to such research (Patel et al., 2024; 

Robinson et al., 2025). 

10.1.1. Significance of Integrative Approaches in Neuroscience Research 

A major goal of neuroscience is to understand and characterize the relationships between 

the brain's circuitry, its components, its genetic and molecular signature, and its 

relationship to behavior. The significant differences we observe between individuals' 

behaviors and their propensity toward certain types of mental illness (or lack thereof) 

hint at both genetic and epigenetic contributions to these traits; yet it is unclear through 

which specific mechanisms these elements give rise to such specific features. The often 

significant and unexplainable inter-individual variability in behavioral performance 

suggests that no single shared element provides predictive power, but instead, that a 

combined experimental focus underpinned by multi-modal research approaches may be 

required to capture sufficient data. We are in a prime position, at the crossroads of several 

converging fields such as artificial intelligence, chemical and molecular engineering, 

data science, and electrophysiology to address these questions. 
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Fig 10 . 1 : Unraveling the Brain-Behavior Connection 

Neuroscience research is carefully developed to demonstrate aspects of the brain's 

workings, often using highly sophisticated and increasingly advanced technologies 

across scales, whether through the four-dimensional mapping of single-neuron activity 

at cellular resolution throughout embryogenesis, clinical approaches focusing on 

functional assessments of specific circuits, or even potential testing of eventually 

predicted hypotheses in whole, typically transgenic mammalian models. Typically and 

understandably, the research is designed to focus on specific aspects of behavioral 

assessment about specific spatial and temporal features of neural activity. 

10.2. The Importance of Cross-Disciplinary Collaboration 

This collaborative volume presents an argument for cross-disciplinary science about 

understanding mental health disorders. Our main argument is that, while empirical data, 

whether genetic, behavioral, or clinical, can only partially capture the complexity of 

psychiatric disorders, insights from other disciplines can contribute to better clinical 

questions and interpretations of empirical findings. This approach fosters the 

development of better hypotheses for empirical testing and better conceptualizations for 

integrative approaches in a way that is advantageous to all collaborating disciplines. 

Even though different disciplines often attend to the same fundamental questions, 

disciplinary and temporal trends are often directed toward widely divergent answers. For 

integrative science to bear fruit, these divergences have to be programmatically 

reconciled, which can be especially challenging given the historical relationships 

between some disciplines. 

We are not the first to recognize the necessity of cross-disciplinary collaboration—the 

problem is how best to achieve it without generating resentment on either side. Top-

down solutions, or funding requests demanding collaboration without appropriate 

training policies in place, can cause tension. Observations on both the need for and the 

difficulty of interdisciplinary research have motivated programs to encourage “cross-

fertilization” of closely aligned disciplines. For example, there is a Neuroscience 

Program that offers both a PhD in Neuroscience and an MD in the School of Medicine. 

In Europe, certain grants mandate the involvement of researchers with complementary 

expertise. These seek to develop mantras encouraging future scientists to embrace 

interdisciplinary and cross-disciplinary symbiosis. 
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10.2.1. Collaborative Frameworks for Integrative Neuroscience Research  

Introduction 

Neuroscience requires the integration of multiple levels of analysis—from molecules to 

cells and circuits, to behavior and experience. Specialized methodologies allow unique 

insights at distinct levels of analysis, driven by progress in the fields of molecular and 

cellular neuroscience, systems biology, circuitry mapping, neuroimaging, connectomics, 

and behavior analysis, and their respective toolmakers. In creating such tools and 

technologies, scientists often drift into specialization, forgetting the inherent 

interconnectivity of knowledge and methods across domains. This interconnectivity 

between specialized knowledge forms the basis by which neuroscientific collaboration 

bridges levels of analysis. However, historically, such collaboration between specialists 

from distinct domains has only been part-time, with scientists generally belonging to a 

single domain. A clear example of the power and efficiency of cross-domain 

collaboration can be seen in a project that aimed to map the connections of brain regions 

through which information flows. 

More recently, we see that data science, propelled by large-scale tools for data 

acquisition and algorithmic analysis, has opened itself into a major frontier for 

integration across levels of analysis due to its capacity to handle data from distinct levels 

and build predictive models that interconnect their dynamics. This represents a useful 

starting point for research programs that give more than one level of analysis a prominent 

role. However, the integration of understanding across diverse levels of analysis will 

ultimately require the participation of multiple experts from distinct levels in planning, 

interpreting, and disseminating joint findings. The more diverse the insights, the more 

representative and cohesive the developmental models. In this chapter, we provide a 

model for and examples of integrative neuroscience research programs. We conclude 

with a discussion of major and practical challenges faced in cross-domain collaboration 

in undertaking such programs. 

10.3. Overview of Neuroscience 

Neuroscience is a sprawling area of scientific research that encompasses a broad range 

of topics, from the genetic basis of neuronal function to philosophy of mind. Most 

readers will not need a detailed overview of all branches of neuroscience in order to 

place our work in context. Instead, we will focus on a few broad areas of scientific 

interest and activity in the field, and discuss how these areas influence the specifics of 

clinical work for treating brain disorders. Neuroscience is primarily concerned with: 1) 

behavior and cognition; 2) systems-level connections and interactions between neural 

circuits, other biological systems, and the environment; 3) cellular and molecular 
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manipulation of neural circuits; and 4) genetic and epigenetic processes involved in the 

function of neural circuits. Neuropsychology is the bridge specialty that converts 

problems at the level of behavior and cognition to a study of the neural basis for those 

behavioral effects. 

Research on the genetics of brain development and function, epigenetics, the pathology 

of brain injury and disorders, and molecular manipulation of the brain contributes 

extensively to the field and is particularly relevant to the work we describe. Many genetic 

and epigenetic factors that impact the brain are also reflected in changes that can be seen 

on the cellular and molecular levels, and some of the more esoteric neuroscience 

subfields are predicated on this premise. However, since all levels of analysis must 

ultimately connect back to clinical implications and applications, our focus is primarily 

on the level of behaviors and symptoms, with concise discussions and introductions to 

clinical, biological, and experimental methodology at other levels, because there are far 

more connections at these other levels—both ways—than are discussed. 

 

10.3.1. Key Concepts and Current Trends in Neuroscience 

What does it mean to understand the brain? How does brain activity underlie perception, 

thought, emotion, and action? What happens when the brain is injured or diseased? 

Understanding how the human (or animal) brain produces a temporally orchestrated set 

of electrical and chemical signals that give rise to perception and behavior is one of the 

most ambitious projects that the sciences have undertaken over the last century. It is at 

the intersection of biology, chemistry, physics, and philosophy, and questions about the 

functioning of the brain date back as early as Aristotle, the father of modern scientific 

reasoning. However, without the crucial observational techniques of these fields that 

have been developed in recent centuries—such as microscopy or live animal imaging—

our understanding has been limited to localized regions of the brain and their connections 

to the larger organism. 

Surprisingly, only in the last century has the interplay of data across these fields 

answered some of the most fundamental questions. For example, the thoughtful study of 

disease and causality revealed the role of localized regions of the brain in movement 

control, sensation, and cognition, while cooperative, interdisciplinary attempts 

combining imaging methods and electricity have combined to show how these regions 

interact to produce low-frequency oscillatory patterns, the reduction of which underlie 

various neuropsychiatric disorders. Yet, there is still much substantive work to do to 

connect the micro estimates of individual synapse and cellular starvation models to these 

circuit-level logical functions. 
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10.4. Genetics in Neuroscience 

After describing how data science methods allow for the handling of immense amounts 

of data generated by brain activity, we turn to genetics, which provides insights into the 

basis of brain biology, offering enlightenment on its development, function, and 

relationship to disease. The role of genetics in understanding brain development cannot 

be underestimated. Genetic research paired with neuroimaging relation techniques 

reveals how genetic structure governs brain morphology, which in turn associates with 

different human phenotypes, both normal and disordered. In utero and childhood brain 

development are times when the brain is particularly sensitive to perturbations. Genetic 

mutations or copies of genes that are altered in number can lead to radical changes in 

brain development or to a state of extreme vulnerability to other negative influences. 

Rare, penetrant mutations in genes related to synapse function are increasingly 

associated with autism spectrum disorder. Large-scale genetic studies have mostly been 

conducted in loosening the grip of concordance of autism in MZ twins and the increased 

risk generally given to children with affected siblings, which led to the identification of 

genetic risk variants. Similarly, such rare mutations in genes associated with synaptic 

structure and function are increasingly associated with a subset of ASD characterized by 

intellectual disability or a loss of linguistic capacity. 

Increasingly, genetic testing in addition to neuron imaging techniques from magnetic 

resonance spectroscopy to MRI scan is part of the diagnostic toolbox for 

neurodevelopmental conditions, such as Williams syndrome, Angelman syndrome, and 

Prader-Willi syndrome. Other genetic tests search for copy number variants associated 

with larger neurological disorders. At the other end of life, a type of test that looks for 

an altered copy of a gene associated with familial Alzheimer’s disease also reveals a 

small number of individuals with this form of dementia who are at elevated risk of 

developing the condition. The application of genetic testing results in a targeted approach 

for the individual at risk through a strategy known as pre-symptomatic testing. The 

prospect of gene therapy techniques, however, raises ethical questions, as the complete 

abolition of genetic risk is not possible: gene therapy would only reduce risk, but the 

alterations might be placed on embryos, made available through embryo selection, or 

implanted into high-risk people. 

10.4.1. Role of Genetics in Brain Development 

Large-scale genetic studies in the last decade have fundamentally changed our view on 

the role of genetics in brain development. One of the key findings is that genetic factors 

are involved in brain size and shape. Smaller brain volumes have been associated mainly 

with mutations in growth-inhibiting genes. Increasingly larger brain volumes appear to 

be mostly caused by risk mutations in positive regulators of neural cell proliferation and 
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growth. Brain size and shape show sex-dependent genetic effects, which could explain 

some of the sex biases seen in neurodevelopmental disorders. A second important 

finding is that genetic determinants of brain development are conserved in rodents and 

humans, indicating that the evolutionary conserved molecular signaling pathways that 

regulate brain growth offer common targets for normal and pathological brain 

development. Similar regulatory paths are involved in age-dependent brain growth as 

well as neurodevelopmental disorders such as autism spectrum disorders, developmental 

delay, and schizophrenia, which are both characterized by a developmental lag in the 

early years. Strategic targeting of such conserved pathways could be an effective 

treatment option to redirect the abnormal neurodevelopmental trajectories toward the 

normal course. 

Finally, the genetic architecture underlying brain structure and function is exceptionally 

complicated. Insight into this exceptional complexity is especially important because 

genetic risk factors are also present in patients with neurodevelopmental disorders. 

Knowledge derived from these studies may better inform the clinician about the reduced 

reliability of the genetic report in patients with such disorders, in addition to preventing 

misinterpretation of incidental findings in carriers. In short, understanding the genetic 

mechanisms explaining variation in brain structure and function in health and disease is 

of crucial importance. It not only enhances our understanding of basic neurobiology, but 

we can also better decipher the implications for clinical practice. 

10.4.2. Genetic Disorders and Neurological Conditions 

The human brain is dependent on basic genetic functions for its normal development and 

maintenance. Many genetic disorders have neurological components but few are purely 

neurological. Cystic fibrosis is usually thought of as a pulmonary disorder, but some 

patients have serious neurological problems due to abnormal mucus in the sinuses and 

deafness due to ear infections. Beta-thalassemia is primarily a blood disease, but there 

are reports of neurological complications including seizures. However, several genetic 

disorders are now being identified in which the primary problem is neurological or 

psychiatric, even though there may be abnormalities in other organ systems. Recent 

advances in new genetics have made it possible to map many of these disorders to genes. 

Several categories can be identified. Mutations with purposed neuroforming pathways, 

e.g., genes encoding ion channels or transport proteins. Genes involved in neural 

maintenance pathways, e.g., genes involved in cytoskeletal functions, and membrane 

structure. Genes related to neurodevelopmental pathways, e.g., ependymoma, 

holoprosencephaly. Genes involved in the repair, recycling, and maintenance of 

neuronal functions, e.g., genes related to psychosis or mood disorders, Alzheimer's 

disease, and autism. Genes affecting immunity or enzyme function; with the recognition 
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of many transcription factors, we expect to identify other genes that can affect mood or 

behavioral regulation. Despite all of these recent discoveries, pure genetic causes will 

likely be identified in fewer than half of individual cases of any type of neurological 

disorder. 

10.4.3. Advancements in Genetic Research Techniques 

Over the past 20 years, the field of genetic research has undergone revolutionary 

advancements, introducing new tools and techniques to assist researchers in identifying 

genetic components associated with neurodegenerative diseases, as well as revealing the 

mechanisms through which they affect neuronal function. The completion of the Human 

Genome Project opened the door to genome-wide association studies, which screen for 

single nucleotide variants across the genomes of large collections of individuals with 

and without a specific condition. If a region with a higher SNP frequency in diseased 

individuals is found, it raises the possibility of the presence of a causal variant in that 

region. However, these studies suffer from two major pitfalls. First, the study of SNVs 

across thousands of individuals does not address the functional importance of specific 

variants. Such studies function mainly to narrow the search from a genome-wide to a 

region-wise scale, and gene function studies must then be performed in model systems. 

Second, for diseases with late onset/long-term outcomes, the variable penetrance of both 

environmental and genetic factors can dilute the apparent association, which is 

problematic for neurodegenerative diseases. 

The development of next-generation sequencing technologies directly addresses these 

issues by being able to rapidly sequence entire genomes at low cost, allowing researchers 

to interrogate individuals with rare or early-onset disease phenotypes in depth. Exome 

sequencing, which looks at the expressed portion of the genome, is especially promising 

in the search for pathogenic mutations, as it often provides definitive functional 

information about rare pathogenic variants affecting protein function. Alternatively, this 

technology can also help researchers pinpoint large-scale genomic alterations by 

capturing portions of the genome known to be associated with recurrent deletions or 

duplications and sequencing them in panels of individuals with those alterations. 

However, the rare and non-penetrant nature of most genetic variants associated with 

neurogenetic disease means reliance on this technology will likely be episodic rather 

than comprehensive; it will continue to be utilized to asymptomatically screen 

individuals with a family history of SNP- or mutation-identified disease, as well as 

symptom-based affected individuals of advanced age lacking identifiable mutations. 
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10.5. Data Science in Neuroscience 

Neuroscience is interlinked with other fields, especially genetics, data science, and 

clinical practice. The interdisciplinary ties between neuroscience and the aforementioned 

fields produce interactive models of intellect and brain functions and are forecast to lead 

to talented and qualified cross-disciplinary experts. Neuroscience utilizes big data from 

diverse sources to understand brain workings. Data are, however, often not fully 

exploited. Relatively different types of neuroscience data pose challenges to both small-

n data modeling and big-N data analysis by traditional statistical modeling. Thus, 

specialists in data science should contribute to clarifying the complexity of the brain by 

providing diverse statistical, mathematical, computational, and algorithmic techniques 

and skills. 

Big data arises from multiple research domains and involves diverse states of the brain 

and mankind. Such data are collected in preclinical and clinical environments, by 

experimenters in laboratories and neuroscientists in hospitals, and for various purposes 

by cerebral scientists and clinical practitioners. Abundant imaging data are continuously 

generated by biological and biomedical capabilities. Neuroscience data connect brain 

architecture to brain function cognition and behavior to diseases. Brain dysfunction may 

lead to psychiatric disease and brain injury. Diseases of the mind are related to visual 

impairment, headache, and neuralgia. The goals of data science in neuroscience are, 

hence, both prediction of cerebral and mental diseases and mediation of treatment effects 

for prevention and intervention. Various data science tools help achieve these objectives. 

 

Fig 10 . 2 : Neuroscience: A Symphony of Disciplines 
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10.5.1. Big Data in Neuroscience Research 

Neuroscience research has a longstanding tradition of data sharing, dating back to the 

seminal embryological atlas by the German scientist Wilhelm His, using whole-mount 

histology and drawings of whole slabs at various developmental stages. Although parts 

of this atlas had been made accessible for data mining by scanning the illustrations, the 

spatial ontogenetic data were essentially visitable only in the original work. The use of 

large-scale histological collections that accompanied research on numerous 

morphological aspects of neural circuitry in embryonic, juvenile, and adult subjects 

became feasible during the twentieth century but were initially made publicly retrievable 

by few initiatives because the comparatively low amount of scanned material hampered 

a genesis of high-throughput informative image databases. The necessity of post-mortem 

histology and the difficulty of visualizing the spatial details of the three-dimensional 

structures with enough spatial resolution also limited access to developing modern 

systems. 

The demand for high-resolution in vivo brain imaging increased markedly due to the 

necessity for epidemiological studies in humans reflecting the external validity of 

experimental analysis. The recent development of novel micro-CT, MRI, and optical 

imaging techniques that enable in vivo brain imaging in small animals like zebrafish, 

mice, and fruit flies further advances the demand for big data in neuroscience, as these 

studies generate terabyte resource files. In vivo, imaging data are usually connected with 

behavioral scores, cardiac and respiratory clock phases, and environmental information 

during experimental settings. As behavioral phenotypes are also highly diverse in the 

affected populations, a broader investigation of putative neurodevelopmental processes 

is emerging with cohorts that integrate such environmental and activity information. The 

derived datasets can be organized on high-performance data-mining computers running 

powerful data-analyzing routines to provide customized access. 

10.5.2. Machine Learning Applications 

Machine learning is a subset of AI that provides computer systems with the ability to 

automatically learn from data without explicit programming, and it has recently 

transformed the processing of big-data information in neuroscience research. Neural 

networks, the basic models for machine learning, are composed of many layers of 

interconnected simple computational units called neurons, and modern machine-learning 

algorithms have proven very useful for the automatic extraction of patterns from very 

large datasets. In current research, machine-learning algorithms are exploited for 

detecting and classifying interesting structures in neuroscience data and for discovering 

regularities or relations among diverse types of data. Machine learning applications in 

current neuroscience research include the analysis of neuroimaging datasets, such as 



  

197 
 

structural MRI, functional MRI, and PET; the identification of specific gene-regulatory 

circuits from gene-expression data; the classification of psychiatric and neurological 

diseases based on neuroimaging measures; the face-expression recognition; and the 

prediction of cognitive characteristics from behavioral or neuroimaging data. 

Machine learning approaches are often applied to neuroimaging data because of the 

advances in both computing performance and algorithmic methodologies. In this 

context, neuroimaging refers exclusively to brain and spinal cord in vivo biomedical 

magnetic resonance imaging and does not include other neuroimaging techniques such 

as those related to positron emission tomography and optical imaging. Structural 

magnetic resonance imaging involves the acquisition of a series of brain axial slices, 

delineating gray and white matter and the cerebrospinal fluid surrounding the brain. 

Special image contrasts, such as T1-weighted and T2-weighted images, are usually 

generated to differentiate between the basements of gray and white matter. Diffusion 

tensor imaging is a special kind of magnetic resonance imaging measuring the diffusion 

of water along the extracellular spaces of the brain to characterize white-matter fiber 

tracts. 

10.5.3. Data Visualization Techniques 

Neuroscience big data poses challenges that require specialized approaches within the 

data science technology stack. Tackling neuroinformatics challenges such as integrating 

heterogeneous data sources and converting these data into actionable evidence is non-

trivial – it requires additional support, often manual curation and expert validation, to 

ensure that the correct findings are emphasized. Results, even those of great biological 

and clinical significance, can be hidden or missed by not utilizing the right approach or 

tools to efficiently and effectively emphasize patterns within the data. Data visualization 

is the way to visually represent this data in an effort to accelerate our understanding of 

the complexities of neuroscience data. Here, we focus specifically on data visualization 

methods that have been used in various ways to both summarize the primary findings 

from the presented data as well as to provide a foundation for creating and rapidly testing 

new hypotheses within the data. We briefly summarize a selection of the more common 

deep learning and general data visualization techniques that have been developed and 

used for neuroscience data. The presented visualization tools afford a unique opportunity 

for both neuroscientists and data scientists to visualize the results of complex machine 

learning tools on large datasets and leverage that information back into the machine 

learning workflows to improve the pipelines. 
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10.6. Clinical Practice in Neuroscience 

Currently, the field of clinical practice in neuroscience is at the complex intersection of 

data science, genetics, and traditional behavioral medicine, diagnostic, and treatment 

methods. On the one hand, clinical practices are at the forefront of how we help 

individuals who are afflicted with psychiatric or neurological illnesses, and we have been 

doing so implicitly for decades. This body of knowledge now includes many aspects of 

data science, where it is critical to extract, analyze, and store data. On the other hand, 

research in data science and genetics is at the foundational level for what questions we 

ask about psychiatric and neurological disorders. At this point in time, there is a great 

deal of critical structure in place, in terms of large sample sizes and highly controlled 

experiments, that can be leveraged to assist in direct clinical assessment or treatment of 

psychiatric and neurological disorders. However, the next step, which is figuring out 

how to bridge the gap between clinical research and clinical practice, is unexplored 

territory. How do we reconcile state-of-the-art methods in genetics and data science with 

the nuances of individual clinical presentations? How will feedback loops between 

clinical assessments and model training/customization work? In other words, how can 

we reconcile patient-centered approaches with population-scale data science 

methodologies? What do we need to be aware of when considering the challenges of 

clinically implementing these novel flavored modalities? 

Direct integration of genetics and clinical practice into the diagnostic and treatment 

process can happen in a few scenarios. For example, during the construction of 

psychometric assessments that fundamentally rely on the understanding of specific 

neurophysiological markers, or during the choice of potential treatment responses that 

rely on people’s genetic makeup. While it is technically possible to integrate assessment 

of genetic markers into the diagnostic process, currently the majority of psychiatric and 

neurological disorders are assessed through solely behavioral inquiry, without 

consideration of the biological basis of these disorders. 

10.6.1. Integration of Genetics and Data Science in Clinical Settings 

The rapidly expanding genetic knowledge of the past two decades provides new ways to 

relate a neural problem, both in the research as well as the clinical context. Tools to 

assess genetic risk on a common variant level or on the level of any of the nearly 6,000 

rare variants currently available from clinical sequencing labs have become powerful 

adjuncts to clinical evaluation. Sequencing of patient DNA for neurogenetic disorders in 

the clinical setting has become routine, and SNP data are routinely made available for 

many other disorders. In alignment with the broader precision medicine effort across 

medicine, neuroscience problems can be viewed through multi-causative diagnostic 
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approaches that bring together genetic, environmental, life course, structural and 

functional imaging, wearable, and clinical datasets. 

An unfortunate downside of the expanding scope of genetic information is the near 

impossibility for a clinical lab, with all the types of neurologic problems presented, to 

reliably interpret the risk and underlying biology of these new data types for every 

patient. Many clinical and hospital systems do not have a collaborating clinical geneticist 

readily available within the system. How to best fill that gap is an urgent discussion and 

may involve efforts using telehealth or artificial intelligence. Genetic risk for most of the 

common neurological disorders is very low – that risk rises dramatically for some of the 

familial, common presentation rare genetic variants, but otherwise, the risk remains low, 

even with the addition of polygenic risk scores. 

10.6.2. Patient-Centered Approaches 

The diagnostic workup of patients with the suspected genetic basis for a neurological 

disorder is often inefficient. This results in wasted healthcare resources, as well as severe 

consequences for patients and their families. Both the number of genetic testing options, 

and the reduction in costs and times taken have massively improved, but how that testing 

is programmed into the clinical workup is not necessarily as advanced. Laboratory and 

clinical efforts are required to produce an effective approach that provides a timely 

service for patients whilst avoiding the inappropriate and often intrusive application of 

methods that can cause more problems than benefits. The ideal solution would 

rationalize the efforts, and at the same time lower costs and improve the experience for 

all stakeholders in the process. A patient-centered approach accounts for the preferences, 

needs, and values of patients, which leads to better patient satisfaction, better mental 

well-being, and elicits better clinical and economic outcomes. Patient-centredness has 

been shown to improve clinical service quality, whilst reducing the costs associated with 

poor quality. The impact of the decisions made by and more importantly, with patients 

undergoing diagnosis of their neurological problem must be continuously assessed and 

optimized. The establishment of these protocols has already led to considerable 

improvements in diagnostic time, and diagnostic rates, and patients spend much less time 

and effort going through the diagnostic process. 

10.6.3. Challenges in Clinical Implementation 

Implementation science primarily involves efforts made by scientific and clinical 

professionals outside of research settings. In medicine, it has been shown that only a 

small percentage of new medical findings are implemented in practice. For those that 

are, adoption and implementation may vary greatly, and treatment fidelity is often low. 
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Neurology was founded upon the clinical descriptions of those experiencing CNS 

disorders. Even with recent advances in genomics, data science, and neurotech that have 

transformed our understanding of these conditions, it is still the clinical, bedside 

experience that will continue to drive discovery, translation, and implementation. And 

yet, given the rapid growth in our understanding of how genetics influences disease risk 

and presentations, and how discoveries in neuroimaging and -physiology can help define 

new endophenotypes for distinct conditions, why might we be behind in incorporating 

these findings into our day-to-day practices? 

The clinical implementation challenges related to integrating genetics and data science 

into clinical practice primarily relate to the data-collection process in the clinic and the 

subsequent interpretive challenges associated with these new data streams. Privacy 

concerns, resource limitations, and historical patterns of strained interactions between 

clinical staff and individuals seeking care can be barriers to obtaining the quantity of 

quality data needed to drive real-time data analysis and actionable change. After we have 

collected new data, assessing its reliability and generalizability is critical. Further, 

associated nuanced interpretive questions remain: the roles of correlational versus 

mechanistic data, or of environmental and genetic factors versus their concrete 

neurophysiological correlates. Addressing these questions in turn influences our 

integration of data science into genetics-informed approaches to clinical practice. 

10.7. Barriers to Effective Collaboration 

While the optimism regarding interdisciplinary collaboration is encouraging, the mutual 

goal of academic discovery or clinical innovation is no guarantee that research efforts 

will bear fruit. Research across disciplines does not lessen the difficulty of executing and 

publishing work that is consequential to one’s funding agency, institution, academic 

department, or partner’s field of inquiry. Neurology and psychiatry have been pilloried 

and challenged for a lack of therapeutic innovation. Funding models have emphasized 

innovation over impact, generally favoring collaborations with at least one principal 

collaborator or partner active in a field with a track record of impact. How do we foster 

partnerships that can overcome cultural, funding resource allocation, and 

communication barriers? First, we need to recognize that disciplines have different 

customs, different traditions, and different rewards than a granting agency oversight 

body, or even a department, that has a stake in a partnership’s success or failure. 

Neuroscience is replete with examples of successful partnerships that did not hold tenure 

in the same department or build careers in the same field or subfield, yet forged together. 

In a time when a partnership across disciplines can address some of the thorniest 

problems confronting neuroscience, how do we foster those partnerships? How do we 

build and sustain cross-disciplinary collaboration? 
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10.7.1. Cultural Differences Between Disciplines 

The collaborative projects presented in this book highlight the extreme diversity of the 

areas associated with neuroscience research, making it compelling to address cultural 

differences across these areas. The successful approach to improving risk prediction in 

mental disorders and addiction is based on the heterogeneity of populations and genetic 

architecture underpinning brain and behavioral variations. In this book, topics such as 

genetics, neuroscience, data science, or clinical practice, are closely related, providing a 

unique and unprecedented integration, where different structures with precise and 

functional ways are the basis for the consolidation of bridges between these areas. 

The work styles and organization of each research area are related to their transfer routes 

of knowledge to society, i.e., the two-way processes that characterize them. Therefore, 

exploring how each of these areas contribute and how visible their contributions are, is 

essential to elaborate recommendations to facilitate scientific integration and cohesion. 

Neuroscience research is characterized by extreme diversity. Neuroscience is 

simultaneously a network of interconnected specializations at different spatial and 

temporal scales and an integrative system in a specific brain area or function across 

anatomical units and species. Neuroscience research is at the same time strongly 

interdisciplinary and yet very specialized. This unique feature allows individual teams 

to conduct life-enriching and life-saving research, which can be ultimately adopted into 

clinical or societal practice. It has also made the field a hotbed for new scientific 

methods, including fiber photometry, optogenetics, or more recently research into 

humanoid robots and brain-machine interaction. 

10.7.2. Funding and Resource Allocation 

Cross-disciplinary collaborations are often accomplished as projects that last a discrete 

amount of time. Projects require budgets and resources. In academic fields such as 

genetics, statistics, and data science, access to funding is critical for hiring personnel, 

purchasing hardware and software, and collecting and storing data. Much of the funding 

support for these academic fields comes from federal science funding agencies. These 

agencies typically require researchers to justify their budget requests and provide details 

on how acquired funds will be allocated over the period of the project. Funding proposals 

must be reviewed by peer scientists, many of whom have directly competing interests. 

Federal budgets are set back by political uncertainties and shifted attention to other 

matters. When scientific funding does increase, the additional money often is channeled 

toward specific areas. After the threat of bioterrorism in 2001, there was a marked 

increase in funding for neurogenomics, with an emphasis on the role of neurogenetic 

factors in creating increased disease susceptibility. 
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10.7.3. Communication Challenges 

In recent years, science has become more collaborative than ever before. Whether it be 

the huge multinational consortia of physicists and engineers working together, or the 

international scientific literary community who have collected and shared 

socioeconomic data related to a global health crisis, a large amount of contemporary 

scientific discovery depends on ongoing communication and teamwork. These 

exchanges are not without difficulty, however. Even in cases of long-standing 

collaboration, representatives of different disciplines will need to navigate internal 

vocabulary differences and heuristic biases to fully leverage their cross-disciplinary 

interactions. In cross-disciplinary work that occurs across entirely different thematic 

areas, where even the most common terminology may diverge, aligning what are already 

disparate methodologies can feel even more daunting. 

There are many reasons for the growing prominence of collaborations that cross 

disciplinary boundaries in recent scientific research, and yet the principal advantages 

and disadvantages of such work are well recognized. Cross-disciplinary collaborations 

can hasten discoveries, provide complementary or orthogonal insights into a question, 

permit the application of established methods to novel areas of research, and enable 

shifts in perspective that lead to new questions that the collaborators may not have 

independently explored. Furthermore, the challenges of fully understanding across 

whole disciplines are dwarfed by the barriers presented by understanding even one 

specialty fully, with the vast majority comically short of the implied scope of knowledge 

and imagination in both the arts and sciences. At the same time, these collaborations also 

come with complexities and difficulties. Communication is frequently cited as one of 

the hardest aspects of cross-disciplinary work, and even in scientific fields where 

participants are fluent in either aspect of the work, the principles or tools may differ in 

unpredictable ways. 

10.8. Future Directions in Cross-Disciplinary Collaboration 

This chapter has reviewed the breadth of existing work in the neuroscience fields of 

neurogenetics, data science, neurotechnology, and clinical practice, where each field has 

been approached from technical and conceptual perspectives. As such, it is natural to ask 

how these fields might evolve from their current states. In summary, one exciting thing 

about neuroscience is the continual development of emerging technologies in each 

domain of our discussion. These emerging technologies establish new ways to think 

creatively about age-old questions through new modalities of investigation. Here, we 

will highlight three of many future directions-forward-looking technologies that may 

have significant impacts in the cross-disciplinary collaboration landscape, educational 
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programs that will expand the breadth of potential collaborators, and recommendations 

to policymakers to ensure collaborative opportunities. 

1. Emerging Technologies and Their Impact 

Consider next technologies that open paths to new scientific discoveries, expand 

collaborations, and create new questions. Our disciplines are changing in exciting ways. 

For example, new technology, such as artificial intelligence and deep learning, is causing 

us to rethink the ways we process big data and how we value the insights as a function 

of their internal architecture and hyperparameter tuning. One recent success has been 

unique insights into natural language processing through design and similar approaches 

to neuroscience are also at play. As another example, whole genome sequencing has now 

become affordable and is propagating through areas traditionally resistant to genetic 

analysis most prominently Europe and the United States. Efforts to construct enhanced 

polygenic risk scores are also permeating consciousness in molecular genetics and may 

influence the public’s view of this subfield. What these examples suggest is that there is 

an acceleration in the areas of intersection of our respective subfields. Neural networks 

have been applied to sequencing data transformation and pattern-recognition processes 

that we carry out to fulfill our competence taxonomy. 

10.8.1. Emerging Technologies and Their Impact 

The rapid growth of new research tools and information sources suggests that 

increasingly, different components of discovery will draw upon the strengths of multiple 

disciplines, becoming more specialized as particular areas of inquiry grow. For 

neuroscience, this convergence manifests through expanded modalities with which to 

acquire and dissect neural information, growing into some entirely new fields such as 

gen technologies. These include newer genetic tools to interrogate genetic and cellular 

specificity, ancestral reconstruction, or using phylogenies to observe function at the 

population scale, as well as a flourishing of approaches to learn and apply models of 

brain function at a large scale, including the advent of brain organs and neural interfaces. 

Such combinatorial engineering approaches are capable of unprecedented discoveries of 

causal relationships between genetic, cellular, and circuit-scale functions for the wide 

range of neural systems and functions across animal and human neurobiology. 

As interest in applying new technologies to the study of neural circuits and behavior 

sparked an explosion of development, the need for accessible resources became 

apparent. In order to maintain this rapid growth of implementation, it is critical to ensure 

that these tools are available to the largest number of researchers possible. A growing 

demographic of researchers are seeking to apply previously developed tools for 

experimental and computational approaches to the study of neural circuits and behavior; 
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similarly, many others are developing variations on those tools, tailored to their specific 

experimental and behavioral foci. In addition, a smaller niche of researchers is present 

at the intersection of these communities, developing new technologies. 

10.8.2. Expanding Educational Programs 

Cross-disciplinary collaborations can be difficult given the distinct disciplines and 

cultures being woven together. However, it can also be fruitful to form strong online 

communities that stimulate collaboration on targeted problems. While these 

recommendations aim to address some of the barriers to successful cross-disciplinary 

collaboration, it is important to start a dialogue with the relevant stakeholders to assess 

the needs of their respective areas and training initiatives. Training initiatives do not 

have to require an overhaul of the existing educational system but rather focus on 

removing the barriers identified in this chapter. 

Over the years, some institutions have started to incorporate courses and minors that 

promote collaboration. To help tackle the problem of developing more effective training 

initiatives for future neuroscientists, here we will give ideas on promoting early 

specialization, reducing barriers to courses outside the major area of study – allowing 

students to pursue classes in other departments focusing on relevant topics, facilitate 

summer programs that encourage students from one discipline to explore topics from a 

different discipline and provide more free online open-source content. These initiatives 

can help engage students by exposing them to advanced concepts before any formal 

training. Further, specialized online services can help connect domain experts to request 

help from different disciplines to solve problems that do not require long-term 

collaboration positions. Addressing the issues earlier on stimulates students to pursue 

collaboration as they move on to graduate school, postdocs, and faculty positions as they 

aim to tackle large, complex questions in the field of neuroscience. 

10.8.3. Policy Recommendations for Enhanced Collaboration 

The parallels in our experiences highlight the importance of not only including experts 

across the many divisions of neuroscience, even in graduate education, but also 

providing deeper collaboration across departments than has traditionally been the case. 

Policy implementation, institutional encouragement, and supervision play pivotal roles 

in enabling collaborative student research projects. Senior faculty from experimental and 

computational fields should think carefully about designing programs in parallel that 

accommodate both sides of new work. Students should be aware of the breadth of 

projects seeking summer students, and allow themselves to branch out into programs 

that allow creativity and departures from the norm. Governmental funding of summer 
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programs in different aspects of a field for undergraduates is important, and connections 

with schools in other geographical areas are helpful. Travel and exchange between 

neighboring institutions can facilitate ideas and processes. Community colleges should 

actively participate as conduits between urban and nearby educational institutions. 

Historically, there has been more careful attention to the specific equity balance in local 

and large institutions. Diversity exists on many levels. Local students may be entirely 

first in their families to attend or graduate from college. Large centers may draw on local 

minority student actions without special attention to educational and social issues created 

for undergraduates who come from relatively isolated communities. Even among local 

universities serving minority populations and those at state flagships close by, the 

student environments at either or both may involve special challenges for optimizing 

their potential. 

10.9. Conclusion 

The transdisciplinary approach in neuroscience is enabled by the coordinated exchange 

of concepts and methods across domains, which is important for answering hard 

scientific questions, such as mapping the interplay of molecular genetics with gene 

transcription, protein expression, cellular changes, and neuropathological findings, as 

well as human behavioral phenotypes, on the one hand, and functional connectome 

architecture and dysfunction, on the other. Within such an approach, individual scientists 

may come from specific disciplines adapting measures and assumptions from clinical 

practice, genetic epidemiology, human genomics, molecular and cellular biology, 

imaging, neuroanatomy, neurological psychiatry, or psychiatry to produce knowledge-

building links. Unlike collaboration across domains where scientists engaged in a project 

represent different disciplines but their work is distinct and assembled from pieces 

produced independently, transdisciplinary collaboration involves integrated work at all 

stages of a project – concept building, design, data gathering, analysis, interpretation, 

dissemination, feedback, funding, etc. Because of the increasing size and cost of large 

studies designed to produce the best quality data and address the increasing demands of 

converging levels of analysis with the assumption of process integrity, specialty-domain 

centered support and organization of data-gathering, data-information structuration, and 

data-sharing portals in support of transdisciplinary collaboration-led scientific research 

should be objective within neurodevelopmental study networks. 
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Fig 10 . 3 : Funding Focus Areas 

Transdisciplinary teaming makes high-level scientific exchange possible. To this end, 

future funding initiatives in clinical science should consider community design 

principles and continuously invest resources in neurodevelopmental data structuring and 

sharing. Such investments would attract innovative developers who can use algorithms 

to build optimized, platform-enabled devices to automate and optimize electronic and 

fluidic neural interface technologies and connect with neuroscience research and clinical 

practice teams to create test-bed optimized digitization procedures for study-specific and 

person-specific decision-making. 

10.9.1. Summary of Key Insights and Future Perspectives 

To tackle complex issues, it is recommended to promote interdisciplinary collaborations 

between neuroscience, data sciences, and medical genetics. Neurological and psychiatric 

disorders have traditionally been the scope of thoughts of various neuroscience branches, 

from neuroanatomy to molecular biology or neuropsychology. Increasingly, the 

perspective of studying cases of a certain condition as a single entity together with a 

thorough and careful assessment of the underlying contributing factors is advertising the 

interaction between different levels of analysis of that condition by their stakeholders. 

These stakeholders, ranging from basic scientists to data scientists, clinical researchers, 

psychological and clinical practitioners, or health policy-makers, use their approaches 

and methodologies and, therefore, share a distinct vision of the same core issue. 

Therefore, all parties should communicate findings in ways understandable to all 
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collaborators, and promote the diffusion of state-of-the-art knowledge across allied 

disciplines. 

Advancing towards desired outcomes and results in the therapeutic workup and 

improving patients’ quality of life must continue being the focus of these collaborations, 

promoting clearer and better scholarship literature, stimulations through joint workshops 

or conferences, and, ultimately, funding agencies redirecting funding towards group 

applications. Motivation and common goals will help bridge the historic barriers that 

have been erected, ensuring a collaborative and mutually beneficial effort rather than a 

competition between disciplines, sharing the risks associated with underlying unknowns. 

More importantly, paid incentives, especially for younger researchers, will operate as 

powerful boosters, while acting as deterrents to pseudoscientific challenges. The 

development of integrated biostatistical tools that make interoperability easier is also 

pivotal, together with the establishment of relevant supervised repositories that can share 

and help curate findings. 
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