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Phylogenetic Evolution of the Human Central
Nervous System

e Genomic and Clinical Analysis of a Fatal Human Lyssavirus irkut Case: Evidence for a Natural
Focus in the Russian Far East

e Proximate mechanisms underlying the coevolution of diet quality and relative brain size in
primates

e Cross-species neuroanatomy in primates using tractography

e Evolution of the essential gene MN1 during the macroevolutionary transition toward patterning
the vertebrate hindbrain

e The A487 residue in the E protein of duck Tembusu virus significantly enhances viral replication
and increases its neurovirulence in Kunming mice

» Phylogenetic divergence of GABA(B) receptor signaling in neocortical networks over adult life

e Molecular and pharmacological characterization of the dopamine receptors in the oriental fruit
fly, Bactrocera dorsalis

e Peripheral nervous system microglia-like cells regulate neuronal soma size throughout evolution

The human central nervous system (CNS) has undergone a remarkable evolutionary process that
spans hundreds of millions of years, leading to its complexity and functional specialization seen in
modern humans. Here’s an overview of the phylogenetic evolution of the CNS, from early vertebrates
to Homo sapiens.
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1. Early Vertebrates

» Basic Nervous Systems: The origins of the CNS trace back to early vertebrates, which
possessed rudimentary nervous systems. These simple CNS structures were responsible for
basic survival functions like movement, sensory processing, and primitive reflexes.

e Brainstem Development: In early vertebrates, the brainstem evolved to coordinate basic life
functions (e.g., heartbeat, breathing), serving as the foundation for more complex structures.

2. Fish and Amphibians

e Evolution of Forebrain and Midbrain: With fish, particularly early jawed vertebrates, came
further development of the CNS. The midbrain and hindbrain expanded to support sensory
processing, particularly for vision and balance.
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¢ Introduction of the Cerebellum: The cerebellum evolved in fish to support motor
coordination. It became larger and more functionally significant in animals with more complex
movement needs, such as amphibians.

3. Reptiles

e Forebrain Expansion: In reptiles, the forebrain, particularly the basal ganglia, developed
further to support complex behaviors and motor skills necessary for survival on land.

e Olfactory Bulbs: Reptiles had an enlarged olfactory system, as olfaction was crucial for
detecting predators, prey, and mates.

4. Mammals

e Cerebral Cortex Development: The evolutionary jump to mammals introduced a significant
expansion of the cerebral cortex. This new layer provided enhanced processing power for
complex behaviors, learning, and memory.

e Limbic System: Mammals developed a more sophisticated limbic system to regulate emotions
and social behavior, which became crucial for survival in social groups and environments.

* Neocortex: The neocortex, especially in primates, began to differentiate into specialized
regions, allowing for the complex integration of sensory information and motor planning.

5. Primates

 Increased Encephalization: Primates exhibited increased brain size relative to body size,
known as encephalization, which supported higher-order processing and complex social
behaviors.

* Prefrontal Cortex Expansion: The prefrontal cortex, associated with decision-making,
planning, and impulse control, expanded significantly in primates. This allowed for more
sophisticated social interactions, tool use, and environmental manipulation.

6. Great Apes and Early Hominins

e Larger Brains and Social Structures: Great apes evolved even larger brains with more
complex neural networks, supporting advanced social behaviors and basic cultural elements,
such as tool use.

e Bipedalism and CNS Adaptations: Early hominins’ shift to bipedalism required CNS
adaptations for balance and motor control. Changes in the spinal cord and cerebellum allowed
for upright posture and refined hand dexterity.

7. Homo Species

« Significant Brain Growth: With the evolution of Homo habilis, Homo erectus, and
eventually Homo sapiens, the human brain experienced dramatic growth, especially in the
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prefrontal cortex and temporal lobes, which are involved in language and complex problem-
solving.

e Broca’s and Wernicke’s Areas: Language specialization areas in the brain emerged in Homo
species, particularly in Broca’s and Wernicke's areas, supporting complex communication and
the transmission of cultural knowledge.

8. Homo sapiens

* Highly Complex CNS: Modern humans have the most complex CNS among vertebrates, with
specialized regions for advanced cognitive functions, language, abstract thinking, and
creativity.

e Neural Plasticity: Human brains exhibit significant plasticity, allowing for adaptability and
learning throughout life.

 Integration of Cognitive and Emotional Processing: The prefrontal cortex and limbic
system in humans are highly integrated, enabling advanced emotional regulation, empathy,
and moral reasoning, which are unique in scope compared to other species.

Evolutionary Implications

The evolution of the CNS in humans represents a shift from simple reflexive behavior to complex
thought and cultural development. This transformation allowed humans to become highly adaptive,
social beings capable of building complex societies and environments. The CNS continues to evolve
even today, adapting to technological and social changes that demand new cognitive and behavioral
adjustments.
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