Discovering the Basic
Components of the Brain:
Mapping the Neocortex



Maps

* You arrive at Earth in your spaceship in 1700

e previous explorers have reported the presence of a
semi-intelligent life form

e your mission is to compile a detailed report on this life
form

e you are equipped with a transporter so you can move
about freely to collect information

* As a basis for your continuing study, you decide to create
a map

e \What do you show on the map?
e How do you divide the map up into regions?



What Are the Steps in
Constructing a Map?

* From space you can identify the major features of the
geology —oceans, lakes, rivers, mountains, valleys, etc.

 What other information might you want to collect
(remember, you have a transporter so travel is not an
issue)?



Mapping Languages
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Mapping the Neocortex

e One of the most notable features of the cerebral cortex is the
pattern of folding

* Which turns out to be quite regular from person to person
* Major sulci supported dividing the neocortex into four lobes

* Major project in the 19th century: delineating and naming sulci and
gyri, which were hypothesized '
to be the relevant units of
the brain

e With the identification of
neurons, researchers
began to focus on how
different types of neurons
are found in different
tissues




Discussion Question

Is the Map of Sulci and Gyri sufficient for neuroscience?

A.
=3
C.

Yes, it provides a way of referencing every place
Yes, it picks out clear physical structures

No, it doesn’t take differences in neurons into
account

. No, it doesn’t pick out units we care about in the

brain? (be prepared to explain)



Clicker Question

What did Brodmann use to mark off regions of the
neocortex

A. Sulci
B. Recordings of electrical activity in the brain

C. Measurements of the concentrations of chemicals
In parts of the brain

D. Differences in layers within the neocortex



Layers of Cortex

* |In viewing cortical slices from many organisms under the
microscope, Korbinian Brodmann found a common pattern
of six layers distinguished by the types of cells they
contained, and hence how they appeared when stained

* The thickness of these layers often varied across cortex,
and this provided Brodmann’s chief tool for distinguishing
brain regions

) Calcarinatypus

Molecular layer

External Granular layer

External pyramidal layer

Internal granular layer

Internal pyramidal layer

Mutiform layer




Discussion Question

What would support Brodmann’s interpretation that the
thickness of layers across the cortex indicated that the
different areas perform different cognitive functions

A. Such an major difference in thickness of the layers
must reflect something about how the neocortex works

B. It is reasonable to assume that different types of
neurons which appeared in different layers would
perform different functions

C. It is reasonable to issue that neurons in different layers
do different things and if in one region one layer was
thicker, that would explain what the region could do

D. He assumed that if regions of the neocortex performed
the same function, they should all look the same

E. Other



Mapping Neocortical
Regions

 Brodmann mapped out brain areas on the basis of the
cytoarchitecture

* He numbered areas in the order in which he investigated
them




What Else to Base
a Map On?

e What are you most likely to look to Google Maps for?
e What in the brain corresponds to roads?
e Connections between neocortical visual ars

ocapTaL TEMPORAL PARIETAL [FRONT

Yo L o T
From:| V1 V2 ﬁ‘_ MY | FST PrTe PiTy CITE CiTy AITd AlTy STPp STPs TF TH MSTEMSTI PO _PIP LB VIP MIP MDP OP 7s |FEF &8 I_I_'_l
vi b+ NII’T. . T T.T7.7T.] REIR R nE 316 H
v [ 4 +[+[+] . L[]+ 2 i =
val4|+| +|+[+] . +| .|+ ++]+]+ 2 —H
w + +{+]| . 4| ||+ + ?
va|+]+ +|+ L+ 4]+ +|. ]2
ve ||| e|e]+f] [+][+]+ + + + +|+ ++ + 2|+ —
vor| . |+ + + + + 7b_,'_] = ﬁ
var | + + + i+ war| + | + ? —
wi [+ +[+[+[+]+] [+F1+ [ [+ +]+ +(2 I i E
1| . |wea| + |wer| 4 | + +|+ + + + +|+ L+ +|+ H — !
e r w1+ - VIP il LIIP = = MSTI

P + + +|+ | ! =
Py .|+ o + +
are + +} +|+

ar| +i+ = [
o + + +|+ I L
e . + + +|+[+ [1]
ame + + + [+ Ol—l— T
sTPp + + ++|+|+]+ +| 4+ I ! !
STP| + L L
st +{ .|+ +|+ +
™ +|+]. ]+ + + ++|+[+] [+ + +| [+ ™ —]
™ } + +| [+ T+{+]+] T+ [1- . +| |+
wste| . |+ |4+ [+ +l4[+] [+ + o [e] [#[+ +|+|+
wsnwa|| . | . (4] . wRl + |+ .|+ +| . + NR7{NR?| 4
po | + + +|+f + |+ +|4+| 7
o | 4 +|+ + + +i +|+ ]
w + |+ + +[+ + +| .||+ q+ +[+[+]|+ | | 1
v AL + —— | |
MDP . .|+ + i i
or +|+ + ]+ [+ +| |+ V1 P-B P-|
" + +| ][+ [+ +'__‘__++ Ml = Lon
Fer 2|+ +| [+] |+ +|+|+| [+]+ +|+} {+ | |
“ +| [+ [+] |+]|+]+ +|+[+ Mo P RGC




Human Connectome

* In 2005 Sporns, Tononi, and Kotter proposed the human
connectome project with the goal of representing graphically the
human brain’s :
structural connectivity o e

* Multiple spatial scales— o, — o
from individual neurons
to brain regions—are
captured using multiple
graphs

* Macro-scale graphs
are based on MRI:

e structural MRI

e diffusion tensor
imaging (DTI)




The First Connectome

e Using electron microscopy of thin sections, John White
reconstructed a nearly complete connectome of C. elegans

e Each worm has the same number of neurons and they are
typically connected in the same way

 The connectome llowed differentiation of sensory neurons,
motor neurons, and interneurons on purely morphological
grounds




Mapping the Fruit Fly Brain

e ~100,000 neurons




Discussion Question

What might one learn from knowing how neurons (brain
regions) are connected?

A. Determine which neurons (brain regions) work
together

B. Follow how information is processed in the brain

C. Provide a guide for building artificial brains
D. Other



Forget the Map!?

e |f all one wants to do is identify where something is in
space, one can forget the map and just specify the
coordinates

* Right now | am at 32.88° Nand 117.24° W
 What would be the comparable thing with the brain?
* Talairach Coordinates




