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Where we left off...
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Common%Brain%Plan

Butler'2000
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Embryology%101
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Segmenta5on%&%Rhombomeres
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Neuromeric%Model%%&%Prosomeric%Model

not'just'the'hindbrain,'but'the'en4re'brain'of'the'
vertebrate'embryo'is'divisible'into'a'series'of'
neuromeres

each'neuromere'has'an'alar'&'basal'domain'
(sensory/motor)

Tuesday, February 5, 13



(the'brain'didn’t'get'bigger/be@er'just'by'
adding'on'more'and'more'neuromeres)
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Pa?erning%the%Neural%Tube

Ques4ons:
what’s'this'
cor4cal'hem?

what’s'special'
about'this'
SHH'gradiant'
here?
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Pa?erning%the%Cortex%&%Arealiza5on

Dennis'
O’Leary

Leah'
Krubitzer

1.#Pa&erning#from#a#developmental#perspec6ve

...'more'embryology'101

...'implica4ons'for'genera4ve'models'of'cor4cal'
organiza4on

2.#Pa&erning#similari6es#across#species#and#an#
evolu6onary#perspec6ve

...'leveraging'variability'within'and'across'species

Broad'related'ques4on:'What’s'an'area?
In understanding the process by which the cortex gets patterned, is 
there any insight to be drawn about what a good ‘unit’ or module 
is? a cortical area? a cortical field/zone? a prosomere? how big is it?

Tuesday, February 5, 13



human%embryo%stages
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Embryogenesis
Q'“proceeds'in'a'treeQlike'manner”
Q'“branching'hierarchy”
:#“progressive#compartmentaliza6on”

neural'tube

spinal'cord

cerebral'vesicles

forebrain

midbrain

hindbrain
rhombomeres

mesomeres

prosomeres

somites?

smaller'
embryonic'
zones

nuclei

most'cells'migrate'radially'(not'
tangen4ally),'so'stay'in'their'zone

related to homologies
“topological position--of both adult 
structures and their embryonic 
precursors--is the most useful 
criterion of character identification 
for brain regions”

Ques6on:
how#far#does#this#hold#for#
the#neocortex/forebrain?
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Challenges%to%Prosomere%model

Ques6on:
what#do#we#know#about#
regional#specifica6on?

Strict%compartmentaliza5on%breaks%down...

P&R:'these'are'‘embryonic#fields’,'adopt'a'
phenotype'because'of'regulatory'genes.'if'a'
cell'migrates'it'should'become'the'type'of'
the'field'it’s'in

“The'most'crucial'element'of'the'neuromeric'
model'is'not'that'it’s'zones'are'immiscible'
but'that'they'are'molecularly#dis6nct#at#the#
6me#of#regional#specifica6on”
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Two%local%organizing%regions:

cerebellum/pons
(ipsi'wiring)

tectum'='
inf/sup'colliculi
(contra'wiring)

Isthmus
(MHB)

ZLI'
Zona'Limitas'
intrathalamica

ventral'thalamus

dorsal'thalamus

later,'the'ZLI'
degrades'and'
these'zones'
merge'and'cells'
can'cross
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Cor5cogenesis%Review from'O’Leary'&'Nakagawa'2002

Cortex'+'wiring
Timeline?

Rakic'2009

Simultaneous:
Cor4cogenesis'+'LongQrange
(cor4coQcor4cal'and'
thalamocor4cal'relays)

Whole'Cor4cal'Plate'

Thalamocor4al'invasion!
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Developing%cortex

cells'from'ventricular'zone,'later'subventricular'zone

VZ

layer'5/6

SVZ

layer'2/3

layer1/MZ
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Development%and%Migra5on%of%Neocor5cal%neurons

in'mouse,'day'10'to'day'17'is'when'the'neocor4cal'neurons'are'formed
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Overview%of%Arealiza5on

(1)'morphogens'secreted'by'pa@erning'centers

...'which'regulate...

(2)'transcrip4on'factors'expressed'in'cor4cal'cells

+'“extrinsic”'
thalamocor4cal'axon'input'
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Four%Pa?erning%Centers

1.#Commisural#Plate#(CoP)

2.#Cor6cal#Hem

3.#Cor6cal#An6Hem

4.#Sonic#Hedgehog#(ssh)

ANR'='anterior'neural'ridge
pa@erning'dorsal/ventral'frontal'cortex

hippocampal'organizer
role'in'CajalQRetzius'neurons

role'unclear,'maybe'MedialQlateral?

role'unclear,'not'necessarily'strong'role'in'
telencephalon'development
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Four%transcrip5on%factors

• the'same'set'of'transcrip4on'
factors'is'expressed'by'
progenitors'across'the'en4re'
cortex

• the'level'of'expression'of'a'
transcrip4on'factor'is'a'
defining'parameter

• “Coopera6ve#Concentra6on#
Model”

• Only'in'some'cases,'the'TCA'
connec4ons'are'preserved'
(emx2,'pax6,'not'Coup?)

knockout
red

reduce
red

increase
red

knockout
green

+300%
green

knockout'
blue

knockout'
purple
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Changes%to%loca5on%of%primary%sensory%areas
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underlying%genera5ve%model

1.'rela4ve'sizes'of'areas'will'be'correlated
2.'implica4ons'of'“gene'duplica4on”'

e.g.'V1'QQ>'V2

independent'control linked'control
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Extra%S1%with%ectopic%FGF8%

O’Leary'&'Nakagawa'2002

Q'with'ectopic'FGF8,'you'get'a'second'(mirrored)'barrel'field
Q'this'has'appropriate'TCA'input'from'VP
Q'suggests'FGF8'influences'the'targe4ng'of'TCAs
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underlying%genera5ve%model

independent'control linked'control

S1 S2S1 S2

3.'ac4vity'dependent'refinement'or'are'we'missing'some'areaQspecific'genes?
4.'rela4onship'to'laminar'organiza4on
5.'link'to'butler,'compartments/embryonic'zones
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implica5on

independent'control linked'control

Correlated'variability'across'individuals'is'a'clue'to'
the'underlying'causal'mechanisms
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Cor5cal%Area%Size%and%Behavior

Leingartner'2007'PNAS

over'express
EMX2

smaller
S1

worse'at'
sensory'and'motor'tasks
1Q'grid'walk:'count'foot'placement'errors
2Q'4me'to'fall'off'a'rota4ng'rod

...'but'also'less'good'with'a'bigger'S1...
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return%to%the%diagram

So'far,'this'is'the'kind'of'sensory'field'variability'we'see...
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Pa?erning%the%Cortex%&%Arealiza5on

Dennis'
O’Leary

Leah'
Krubitzer

1.#Pa&erning#from#a#developmental#perspec6ve

...'more'embryology'101

...'implica4ons'for'genera4ve'models'of'cor4cal'
organiza4on

2.#Pa&erning#similari6es#across#species#and#an#
evolu6onary#perspec6ve

...'leveraging'variability'within'and'across'species

Broad'related'ques4on:'What’s'an'area?
In understanding the process by which the cortex gets patterned, is 
there any insight to be drawn about what a good ‘unit’ or module 
is? a cortical area? a cortical field/zone? a prosomere? how big is it?
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Preserved%Cor5cal%Fields

All'species'have'a'constella4on'
of'cor4cal'fields,'with'different'
rela4ve'sizes'and'loca4ons

'

variability'in'
sensory'
domain'
alloca4on
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Types%of%cor5cal%variability
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Specaliza5ons%V%extreme%cases%of%varibility
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WithinVspecies%variance%of%cor5cal%organiza5on

*'this'is'a'clue'to'where'the'joints'
are...'what'is'preserved'and'what'
is'variable...
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Variance%across%species%/%Variance%within%species
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V1%Surface%Area%predicts%illusion%magnitude

Schwartzkoff'2011'Nature

bigger'V1
smaller'illusion

small'V1
bigger'illusion

“A larger area of V1 devoted to 

a particular portion of the 

visual field would then 

necessarily be accompanied by 

a lesser influence of 

contextual effects mediated by 

anatomical structures with a 

fixed spatial scale. “

Tuesday, February 5, 13



Connec5ons

1.'change'in'density
2.'novel'sparse'other'structures

Q'a'fair'amount'of'varia4on'in'regional'loca4on,'less'varia4on'in'projec4ons
Q'what'does'this'imply'about'the'underlying'genera4ve'model
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The%main%claim

Q'blind'mole'rat
Q'congen4al'blindness/deafness
Q'enuclea4on

while'the'exact'size'and'connec4vity'
is'refined'by'ac4vity,'there'is'a'core'
constella4on'of'fields'is'gene4cally'
specified
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Takes%on%somatorsensory%+%auditory%responsiveness
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Normal%+%Extra%thalamic%and%cor5cal%connec5ons
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Pa?erning%the%Cortex%&%Arealiza5on

Dennis'
O’Leary

Leah'
Krubitzer

1.#Pa&erning#from#a#developmental#perspec6ve

...'more'embryology'101

...'implica4ons'for'genera4ve'models'of'cor4cal'
organiza4on

2.#Pa&erning#similari6es#across#species#and#an#
evolu6onary#perspec6ve

...'leveraging'variability'within'and'across'species

Broad'related'ques4on:'What’s'an'area?
In understanding the process by which the cortex gets patterned, is 
there any insight to be drawn about what a good ‘unit’ or module 
is? a cortical area? a cortical field/zone? a prosomere? how big is it?
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back%to%the%models

ventricle

link'this'to'“areas”'and'“pathways”'and'“subfields”

linked'control

S1 S2

role'of
'ac4vi

ty'in're
fining'

areas'
+'wirin

g
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expansion%between%monkeys%and%humans
Areas of expansion in the human cortex during infancy and 
childhood, top, closely match areas of change in the human 
brain when compared with the brains of apes and monkeys. 
Yellow areas expanded the most, followed by orange, red, blue 
and light blue areas.

60'mya'the'cortex'was'highly'constrained'by'these'
gradients'AND'most'of'cortex'was'sensory

suggests'a'few'fixed'anchors?

Hu'et'al,'2010'PNAS

“extra'cortex'without'as'much'signalling”
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Increase%in%cortex%size,%increase%in%areas

Rosa'2005
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discrete%zones%from%con5nuous%gradients
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Correlated%zones%of%expansion/contrac5on

Chen'2012'Science
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