
NEUR3310:	NEUROSCIENCE	

L11:	GENETICS	OF	HUMAN	BRAIN	
DEVELOPMENTAL	DISORDERS		

MAGNETIC	RESONANCE	IMAGING	(MRI)	

‒ Structural	MRI:	shows	brain	organisaPon	as	a	result	of	
hiéng	the	brain	Pssue	with	energy	parPcles	that	force	water	

in	the	Pssue	to	move	a	certain	way	(requires	blood	flow).		

‒ Dark	spaces	represent	white	maZer	(neuronal	pathways).	

INTELLECTUAL	DISABILITY	(COGNITIVE	DEFICITS)	

‒ Developmental	disorder	involving	significant	impairment	in	

intelligence	and	deficits	in	adapPve	behaviour.	

‒ Affects	1‒4%	of	the	people	worldwide	(~2%	of	Australians).		

‒ Lifelong	care	is	required	in	many	cases.	

‒ Intellectual	disability	can	occur	as	a	result	of	abnormal	brain	

development	(genePc	and	environmental	factors).	

‒ Normal	brain	development	involves	proper	cell	producPon	

(neurogenesis),	assembly,	placement	and	connecPvity.	

CNV’S	AND	MICROCEPHALY	

‒ How	might	the	presence	of	CNVs	cause	microcephaly?	

• AlteraPons	to	gene	dosage	within	CNV	region	

• AlteraPons	to	gene	dosage	outside	CNV	region	

• PosiPonal	effects	resulPng	from	CNV	

• AlteraPons	to	topologically	associaPng	domains	(TADs)	

• Haploinsufficiency	(loss	of	one	copy	of	a	gene	resulPng	in	

only	a	single	funcPonal	copy	of	the	gene).	

‒ These	mechanisms	of	acPon	can	be	tested	through	

experimentaPon	and	bioinformaPcs.	

‒ A	1q43‒44	CNV	is	frequently	associated	with	microcephaly	‒	

in	all	pure	and	complex	cases,	paPents	show	intellectual	

disability,	alteraPons	to	brain	growth	(eg.	microcephaly	in	

80%	of	cases),	seizures,	and	corpus	callosum	hypoplasia.	

MALFORMATIONS	OF	CORTICAL	DEVELOPMENT	(MCDs)	

‒ MCDs	result	from	abnormaliPes	affecPng	normal	processes	

of	corPcal	development	involving	cells	that,	normally,	would	

parPcipate	in	formaPon	of	the	cerebral	cortex.	

‒ Up	to	40%	of	intractable	(medicaPon‒resistant)	childhood	

epilepsy	is	aZributable	to	malformaPons	of	the	cortex	which	

can	result	from	problems	with	neuronal	cell	producPon,	cell	

migraPon,	or	corPcal	organisaPon	(abnormaliPes	may	be	

environmental	or	genePc	in	origin).	

• Hemimegalencephaly:	enlarged	brain	structures.	
• SBH	(subcor8cal	band	heterotopia):	abnormal	posiPon	

of	cells	that	failed	to	migrate	appropriately.	

• FCD	(focal	cor8cal	dysplasia):	neurons	failed	to	migrate	

in	the	proper	formaPon	in	utero.	

• Mycrogyria:	small,	malformed	brain	convoluPon.	

• Lissencephaly:	gene	mutaPons	resulPng	in	a	lack	of	

development	of	gyri	and	sulci	(smooth	surface).	

⟶ Agyria:	reducPons	in	folding.	
⟶ Pachygyria:	fewer	and	broad	and	flat	gyri.	

‒ May	underlie	other	neurological	condiPons	(eg.	intellectual	

disability,	schizophrenia,	and	auPsm).	

L12/13:	MOLECULAR	CELL	BIOLOGY	OF	
NEURONAL	DEVELOPMENT		

Brain	development	involves:	
‒ The	producPon	of	neurons	and	their	migraPon	to	their	

appropriate	posiPons	within	the	nervous	system.	

‒ The	differenPal	expansion	of	certain	cell	populaPons,	

corresponding	to	different	levels	of	the	neural	tube.		

‒ The	segregaPon	of	these	cell	groups	into	nuclei	and	areas	

which	have	a	similar	funcPon.		

‒ The	establishment	of	precise	paZerns	of	connecPons	

between	these	cells.	

	

MAIN	SUBDIVISIONS	OF	THE	MAMMALIAN	BRAIN	

‒ Even	though	the	mammalian	nervous	system	may	seem	to	

be	formed	by	a	complex	collecPon	of	cell	groups,	there	is	a	

logic	underlying	its	anatomical	organisaPon	‒	understood	by	

learning	how	the	different	parts	of	the	nervous	system	form	

in	early	embryological	development.	

FORMATION	OF	THE	NEURAL	TUBE	

‒ At	this	stage,	the	embryo	is	liZle	more	than	an	

egg-shaped	cell	mass,	formed	by	three	sheets	

of	cells	‒	endoderm,	mesoderm	and	ectoderm	

(“inner	skin”,	“middle	skin”,	and	“outer	skin”)	

around	a	liquid‒filled	cavity.	

‒ One	region	of	the	ectoderm	starts	to	fold,	and	

eventually	closes	on	itself,	forming	the	neural	

tube.		

‒ The	neural	tube	gives	rise	to	the	enPre	

nervous	system.	The	rest	of	the	ectoderm	

gives	rise	to	other	structures	(eg.	the	skin).	

‒ The	neural	tube	closes	from	the	centre	to	the	ends.		

‒ A	separate	group	of	ectodermal	cells	forms	the	neural	crest,	

which	originates	the	peripheral	nervous	system	(autonomic	

ganglia,	sensory	neurones,	etc).	
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Main subdivisions of the mammalian brain 

 

• Even though the mammalian nervous system may seem 
to be formed by a complex collection of cell groups, there is 
a logic underlying its anatomical organisation. 
 

• This logic is best appreciated if one learns how the 
different parts of the nervous system form in early 
embryological development. 

VERY early development- the formation of the neural tube 

• At this stage, the embryo is little more than an egg-
shaped cell mass, formed by three sheets of cells- the 
endoderm, mesoderm and ectoderm (“inner skin”, 
“middle skin”, and “outer skin”) around a liquid-filled 
cavity. 

• One region of the ectoderm starts to fold, and 
eventually closes on itself, forming a tube - the neural 
tube. 

• The neural tube gives rise to the entire nervous 
system.  

• The rest of the ectoderm gives rise to other 
structures, such as the skin. 

Early development- formation of the neural tube 

View from 
above 

Cross-
section 

• The neural tube closes from the centre to the ends. 
• A separate group of ectodermal cells forms the neural crest, which originates 
the peripheral nervous system (autonomic ganglia, sensory neurones, etc.). 

Forms the 
gut 

Form 
muscles, 
bones, 
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Early	three-vesicle	stage	
‒ Soon	aler	the	anterior	end	of	the	neural	tube	closes,	it	

starts	to	expand	and	3	well‒defined	chambers,	or	vesicles,	

become	apparent.	

‒ Cells	in	these	vesicles	will	mulPply	and	differenPate	in	such	a	

way	that	they	will	originate	the	forebrain,	midbrain	and	

hindbrain.		

‒ The	most	posterior	part	of	the	neural	tube	remains	as	a	

simple	tube	to	form	the	spinal	cord.	

Later	three-vesicle	stage	
‒ The	hollow	centre	of	the	neural	tube	persists	in	the	adult	as	

the	brain	ventricles	and	spinal	canal.		

‒ The	cells	forming	the	tube	walls	mulPply	and	differenPate	

into	various	types	of	neurons.	The	various	parts	of	the	brain	

result	from	this	differenPaPon.	

‒ The	most	rostral	of	the	vesicles	(prosencephalic	vesicle)	

starts	to	grow	two	large	offshoots	(telencephalic	vesicles)	

and	two	smaller	offshoots	(opPc	vesicles).		

‒ The	central	part	of	the	prosencephalic	vesicle	forms	the	

diencephalon.	

	

FORMATION	OF	THE	RETINA	

‒ The	smaller	offshoots	of	the	

prosencephalic	vesicle	(opPc	

vesicles)	grow	out	to	form	the	

rePna.	The	eye	forms	around	the	

“cup”	of	developing	neurons.		

‒ Unlike	in	other	sensory	systems,	

the	visual	receptors	and	other	

cells	of	the	rePna	develop	as	

parts	of	the	CNS.	

BRAIN	FORMATION	

‒ From	this	stage,	brain	development	is	mainly	a	process	of	

cellular	mulPplicaPon	and	differenPaPon.	However,	the	basic	

structure	seen	in	the	embryo	is	sPll	apparent.		

‒ The	other	main	challenge	is	to	connect	the	cells	in	the	

appropriate	ways	‒	involving	the	growth	of	axons	and	the	

establishment	of	synapses.	

Differen8a8on	of	the	posterior	hindbrain	
‒ Some	of	the	main	nuclei	of	the	caudal	brainstem	are	

associated	with	the	cranial	nerves	(eg.	trigeminal	nucleus	

brings	sensory	inputs	from	the	face;	and	the	facial	motor	

nucleus	controls	the	muscles	involved	in	facial	expressions).	

‒ ReflecPng	the	similarity	with	the	spinal	cord,	the	sensory	

nuclei	are	located	more	dorsally,	and	the	motor	nuclei	are	

located	more	ventrally.	

‒ Other	nuclei	in	the	caudal	brainstem	are	involved	in	the	

control	of	autonomic	funcPons	(respiraPon,	heart	rate,	etc.)	

and	in	the	control	of	the	level	of	arousal,	including	sleep	and	

wakefulness	(rePcular	formaPon).	

Differen8a8on	of	the	pons	and	cerebellum	
‒ In	the	most	anterior	part	of	the	hindbrain,	cell	mulPplicaPon	

results	in	two	large	cell	masses	(rhombic	lips)	near	the	dorsal	

lateral	corners	that	grow	explosively	to	form	the	cerebellum.	

‒ The	cerebellum	ends	up	covering	the	rest	of	the	pons.	

‒ The	other	parts	of	the	pons	(ventral	to	the	fourth	ventricle)	

remain	similar	to	the	posterior	parts	of	the	hindbrain.	

• It	contains	sensory	and	motor	nuclei,	as	well	as	rePcular	

formaPon.	One	set	of	nuclei	(ponPne	formaPon)	

connects	the	cerebral	cortex	to	the	cerebellum.	
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Early three-vesicle stage 

• Soon after the anterior 
end of the neural tube 
closes, it starts to expand.  

• Three well-defined 
chambers, or vesicles, 
become apparent. 

• As indicated in the figure, 
cells in these vesicles will 
multiply and differentiate in 
such a way that they will 
originate the forebrain, 
midbrain and hindbrain. 

• Green- the developing neural tube 

• Grey- other ectoderm 

• The most posterior part of the neural tube remains as a simple 
tube (shown in yellow). It will form the spinal cord. 

Later three-vesicle stage 

• The most rostral of the vesicles (prosencephalic vesicle) starts to grow 
two large “offshoots” (telencephalic vesicles) and two smaller offshoots 
(optic vesicles).  

• The central part of the prosencephalic vesicle forms the diencephalon. 

Originate the cerebral cortex and 
most of the basal ganglia. 

Originates the thalamus and 
hypothalamus. 

Originates the midbrain (superior 
and inferior colliculi, substantia 
nigra, red nucleus, etc.). 

Originates the cerebellum, pons and 
medulla 

Originates the spinal cord 

Originate	the	cerebral	cortex	
and	most	of	the	basal	ganglia

Originates	the	thalamus	
and	hypothalamus

Originates	the	midbrain	(superior	
and	inferior	colliculi,	substanPa	

nigra,	red	nucleus,	etc.)

Originates	the	cerebellum,	
pons	and	medulla

Originates	the	spinal	cord

Formation of the retina 

• The smaller offshoots of the prosencephalic vesicle (optic vesicles) grow out 
to form the retina. The eye forms around the “cup” of developing neurones.  

• Unlike in other sensory systems, the visual receptors and other cells of the 
retina develop as parts of the central nervous system. 

…and the brain is formed 

• From this stage, the brain development is mainly a process of cellular 
multiplication and differentiation. However, the basic structure seen in the 
embryo is still apparent. 

• The other main challenge is to connect the cells in the appropriate ways- 
involving the growth of axons and the establishment of synapses. 

Differentiation of the pons and cerebellum 
• In the most anterior part of 
the hindbrain, cell 
multiplication results in two 
large cell masses (rhombic 
lips) near the dorsal lateral 
corners. 

• The rhombic lips grow 
explosively to form the 
cerebellum. 

• The cerebellum ends up 
covering the rest of the pons.  

• The other parts of the pons (ventral to the fourth ventricle) remain similar to the 
posterior parts of the hindbrain, seen in the previous slide. It contains sensory and 
motor nuclei, as well as reticular formation. One set of nuclei (the pontine 
formation) connects the cerebral cortex to the cerebellum. 
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Differen8a8on	of	the	midbrain	
‒ The	midbrain	remains	quite	similar	to	an	“expanded	neural	

tube”.	The	ventricular	system	is	constricted	at	this	level;	the	

narrow	tube	is	the	cerebral	aqueduct.		

‒ Cells	in	the	dorsal	end	of	the	midbrain	form	the	tectum	

(“roof”).	The	tectum	includes	two	pairs	of	nuclei,	the	

superior	colliculus	and	inferior	colliculus	(along	the	

rostrocaudal	axis).	

End	Result:	SagiOal	View	of	the	Upper	Brainstem	
① Pineal	body:	endocrine	gland	modulaPng	sleep/wake	cycle	

(serotonin/melatonin).	

② Superior	colliculus:	most	important	visual	centre	in	fish,	

amphibians	and	repPles;	in	mammals,	helps	control	eye	

movements.	

③ Inferior	colliculus:	auditory	

nucleus.	

④ Cerebral	aqueduct.		

⑤ Midbrain	tegmentum:	

various	funcPons	in	motor	

and	autonomic	control.	

⑥ Cerebellum.	

⑦ Fourth	ventricle.	

⑧ PonPne	grey	maZer.	

Differen8a8on	of	the	forebrain	
‒ The	central	part	of	the	forebrain	(around	the	third	ventricle)	

is	referred	to	as	the	diencephalon.	It	forms	the	thalamus	and	

hypothalamus	of	the	adult.	Both	structures	become	

subdivided	into	mulPple	nuclei,	which	differ	in	funcPon.	

‒ The	lateral	part	of	the	forebrain	(derived	from	the	

telencephalic	vesicles)	give	origin	to	the	cerebral	cortex	and	

basal	ganglia	(basal	telencephalon).	

‒ Several	axonal	tracts	also	develop	to	connect	these	

structures	with	each	other	and	with	other	parts	of	the	CNS	

(eg.	the	corpus	callosum	and	internal	capsule).	

Thalamus	and	Hypothalamus	
‒ Thalamus:	some	nuclei	are	related	to	conveying	sensory	

informaPon	from	the	cerebral	cortex,	others	bring	

informaPon	from	other	parts	of	the	CNS	(eg.	from	the	

cerebellum	and	basal	ganglia)	to	the	cortex.		

‒ Hypothalamus:	main	“control	centre”	for	autonomic	

funcPons	and	hormonal	balance.	It	also	regulates	the	sleep/	

wake	cycle	and	other	biological	rhythms.	

Development	of	the	cerebral	cortex	
‒ The	cells	that	form	the	cerebral	cortex	originate	in	the	

ventricular	zone	(ie.	near	the	ventricles)	and	acPvely	migrate	

to	a	more	superficial	posiPon	guided	by	long	filaments	of	

radial	glia	cells.	Cells	migrate	over	exisPng	cells	to	form	the	

outermost	layer,	allowing	for	a	highly	specialised	cortex.	

• Somal	translocaPon:	slow	migraPon	speed,	mulPpolar	

neuron	shape.	

• Radial	glial	guided	locomoPon:	fast	migraPon	speed,	

bipolar	shape.	

‒ A	corPcal	plate	is	thereby	formed,	lining	the	outside	of	the	

telencephalic	vesicles.		

‒ In	mammals,	the	many	cycles	of	cell	division	in	the	

ventricular	zone	result	in	a	thick	cerebral	cortex,	formed	by	

many	cell	layers.	Axons	connecPng	these	cells	to	other	parts	

of	the	CNS	form	the	cerebral	white	maZer.		

‒ There	is	an	inside‒out	paZern	of	cerebral	corPcal	

histogenesis	(idenPfied	through	radioacPve	labelling).	

SUMMARY	TABLE
Primary	Vesicles Secondary	Vesicles Brain	Structures

Prosencephalon	

(Forebrain)

Telencephalon	
(lateral	forebrain)

Cerebral	Cortex,	Limbic	

System	(Hippocampus,	

Amygdala),	Basal	Ganglia

Diencephalon		

(central	forebrain)

Thalamus	and	

Hypothalamus

Mesencephalon	

(Midbrain)
Mesencephalon

Tectum	(Superior	and	

Inferior	Colliculus),	

Tegmentum,	Cerebral	

Aqueduct	and	Peduncles

Rhombencephalon	

(Hindbrain)

Metencephalon	
(anterior	hindbrain)

Pons	and	Cerebellum

Myelencephalon	
(posterior	hindbrain)

Medulla	Oblongata
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Differentiation of the midbrain 

• The midbrain remains 
quite similar to an 
“expanded neural tube”.  

• The ventricular system is 
constricted at this level; 
the narrow tube is called 
the cerebral aqueduct. 

• Cells in the dorsal end of 
the midbrain form the 
tectum (“roof”). The 
tectum includes two pairs 
of nuclei, the superior 
colliculus and the 
inferior colliculus (along 
the rostrocaudal axis).  

Differentiation of the forebrain 

• The central part of the forebrain (around the third ventricle) is referred to as the diencephalon. It 
forms the thalamus and hypothalamus of the adult [c]. Both structures become subdivided into 
multiple nuclei, which differ in function. 

• The lateral part of the forebrain (which derive from the telencephalic vesicles) give origin to the 
cerebral cortex and the basal ganglia (basal telencephalon). 

• Several axonal tracts also develop to connect these structures with each other and with other 
parts of the CNS (for example, the corpus callosum and internal capsule [d]). 

Development of the cerebral cortex (I) 

• The cells that form the 
cerebral cortex originate in 
the ventricular zone (i.e., 
near the ventricles). 

• They migrate to a more 
superficial position guided 
by long filaments of radial 
glia cells. 

• A cortical plate is thereby 
formed, lining the outside of 
the telencephalic vesicles. 

Development of the cerebral cortex (II) 

In mammals, the many cycles of cell division in the ventricular zone result in a 
thick cerebral cortex, formed by many cell layers. The axons connecting 
these cells to other parts of the CNS form the cerebral white matter. 

The end-result… 
1- pineal body: (pine-cone) 
endocrine gland modulating 
sleep/wake cycle 
(serotonin/melatonin) 

2- superior colliculus: the most 
important visual centre in fish, 
amphibians and reptiles; in 
mammals, helps control eye 
movements. 

3- inferior colliculus: an auditory 
nucleus 

4- cerebral aqueduct. 

5- midbrain tegmentum (various 
functions in motor and autonomic 
control).  

6- cerebellum 

7- fourth ventricle 

8- pontine grey matter. 
Sagittal view of the upper brainstem. 

Third ventricle. The thalamus is lateral 
to this plane of section, about here. 

Third	ventricle.	The	thalamus	is	lateral	
to	this	plane	of	secPon,	about	here.


