Exercises Biol-480 “Neuroscience” – Development and Adult Neurogenesis Solutions (19/09/2025)


General questions
(1) What is neurulation?
Formation of the neural tube by folding of the neuroectoderm
(2) What is the prosomeric model, and how does it explain the organization of the developing brain?
The prosomeric model describes how the embryonic neural tube is divided into transverse segments called neuromeres. Each neuromere has a unique pattern of morphogen signals and transcription factor expression that defines regional identity. This segmentation explains how different brain regions acquire distinct structures and functions.
(3) During axogenesis, how do the neurons find their targets?
They establish a growth cone that senses (by chemoattraction or chemorepulsion) the environment with finger-like structures (filopodia)
(4) Which germ layer gives rise to the nervous system, and at what developmental stage does neurulation occur in humans?
Nervous system derives from the ectoderm.
Neurulation occurs around 18 days after conception in humans.
(5) Which morphogens provide positional information along the dorsal–ventral and anterior–posterior axes of the neural tube?
Dorsal–ventral axis:
· BMPs (dorsal, roof plate signals)
· Shh (Sonic hedgehog) (ventral, floor plate signals).
Anterior–posterior axis:
· Cerberus (anterior).
· Wnt, FGFs, RA (posterior).

Developmental disorder
Congenital hereditary facial paralysis-variable hearing loss syndrome is a rare autosomal recessive disorder characterized by bilateral facial palsy with masked facies, sensorineural hearing loss, dysmorphic features (midfacial retrusion, low-set ears), and strabismus (National Organization for Rare Disorders)
(1) What morphogene determines facial motor neuron identity?
Hoxb1 (rhombomere4)
(2) What is a rhombomere, and how do Hox genes contribute to the segmentation of the hindbrain?
A rhombomere is a repeated segment of the developing hindbrain. Each rhombomere is defined by a unique pattern of Hox gene expression. This “Hox code” provides positional information, ensuring that each rhombomere develops the correct neuronal identity. Here, Hoxb1 in r4 guides the differentiation of facial motor neurons.
(3) Which experimental techniques could you use to study the expression of Hoxb1 during development in animal models?
· In situ hybridization (RNAscope) for Hoxb1 mRNA.
· Immunohistochemistry/immunofluorescence for Hoxb1 protein.
· Reporter transgenic lines (e.g., Hoxb1-GFP knock-in).

Experiment
You would like to study how adult neurogenesis in the hippocampus contributes to spatial memory. Kempermann et al. (1997, Nature) showed that enriched environments increase adult hippocampal neurogenesis.
(1) Which model organism would you choose to study adult neurogenesis and why?
Rodents since hippocampal neurogenesis and behavior are well characterized.
(2) Which brain region would you analyze, and how could you manipulate neurogenesis specifically in this region?
Dentate gyrus of the hippocampus. Anti-mitotic drugs, or genetic tools (conditional knockout/chemogenetics).
(3) How would you label new neurons?
BrdU incorporation.
(4) What behavioral test would you select to assess spatial memory? How would you quantify performance?
Morris water maze. Quantify latency to platform, or path length.
