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(left): Fig. 2C from (3): Distribution of interareal distances in G29x91 matrix, a 
purely geometrical property, is best approximated by a Gaussian distribution
(μ = 26.57 mm; σ = 10.11 mm). (right): Distribution of interareal distances in 
marmoset cerebral cortex. Red G114x114 matrix, blue: G39x114 matrix.

(right): Lognormal distribution of FLNe values for marmoset and macaque (data 
from (3)), the values span five orders of magnitude. The solid lines correspond to 
Gaussian fits for marmoset (dark red) and macaque (dark blue) data. Both, the 
fitted means and standard deviations are expressed in units of log10(FLNe).

A6M

A13M
A13L

A4ab

PFG

S2PV

A8aD

A3b
A3a

TPt

OPro

A6Va

PaIM

A46D

A8b

AI

A29d

A19M

TE3

AuML

TE1

V6

A6DC

ProSt

A45

V3A

IPro

Ent

TF

A19DI

Gu

MIPA6DR

AuA1

A1/2

TEO

A23b PGM

A23a

PGa/IPa

A47M

V2

A47L

TL

A47O

V3

V6A

V4

PF
OPt

A9

TFO

PE

TE2

TH

TLO

A29a/c

AuCPB

A32V

V5

ReI

A23V

ProM
V4T

A8C

FST

PG

A13a

A23c

AuCM

S2E

V1

A11

A36

A30

AuR

A31

AuCL

A32

A35

VIP

A10

PEC

Pir

S2PR

TPro

A24d

AuRPB

LIP

A14C

A24bA14R

A24c

AuRM

A24a

PaIL

AIP

AuRTM

GI

AuRTL

MST

TPPro

OPAl

A13b

DI

A25

A4c

AuAL

S2I

AuRT

TPO

STR

A46V

APir

A6Vb

A8aV

(top): Weighted connectivity matrix. Each column represents 1 of the 114 source areas; each row 
represents 1 of the 39 injected target areas. The color shows the strength of the projection as indicated by 
the color bar with white corresponding to absent connections.
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Processes such as perception, action and cognition are determined by the connectivity 
between different neuronal groups. Understanding the principles of this network is a 
core objective of present-day neuroscience. 

This study aims at creating a publicly available, the world’s most comprehensive 
repository of the afferent cortico-cortical connectivity of any primate species, enabling a 
new level of analysis and modelling. The connectome will be publicly available on-line 
making it possible to flexibly access all the data via a graphical front-end or via an 
application programming interface. It allows one to access unprocessed experimental 
data, mostly injections in dorsal prefrontal cortex, parietal and occipital lobes. 
Additionally, the locations of individual cells are expressed in atlas-based stereotaxic 
coordinates which allows one to perform either area-based or parcellation-free 
connectivity analyses.

The release of open access connectomes is known for triggering numerous follow-up 
modelling and theoretical studies. In a longer perspective, the unique nature of data in 
our project will help to understand how the highly complex network of neuronal 
connections enable brain functions in primates, and, in general, in mammals.

Motivation and goals

The reconstruction process yields a set of transformations that are applied to the 
actual cells locations. In the final step, individual cells are assigned to a particular 
brain structure based on the atlas parcellation. 

Reconstruction and mapping workflow(2)

Deformable warping step:
‣ removes section specific distortions,
‣ allows for more reliable 
   subsequent mapping to the atlas

Spatial
transformations

Affine reconstruction
(2D and 3D affine)

Coregistration
with the template

Input image stack

Area-based connectivity analyses Exponential distance rule?

Deformable reconstruction

Input image stack:
‣ lacks spatial consistency
   (sections are not aligned to one
   another)

Affine reconstruction:
‣ takes the anatomical shape of the
   reference brain 
‣ consecutive sections are only 
   roughly aligned
‣ sharp transitions between
   sections due to local distortions

Coregistration with the template(1)

‣ accounts for global distortions
   (depressions or lesions)

D

LR

Quantification of the results: Approx. ~0.85 correlation
in comparison with the results obtained by expert.

Spatial
transformations

Several animal models are used to 
investigate this relationship between 
structure and function, among them 
marmosets, small monkeys (300-400 g) 
whose brain retains all defining features of 
the primate brain.

Marmosets show accelerated development 
in comparison with most other primates (e.g. 
Macaques), but retain all unique features of 
the primate brain. This includes well 
developed frontal and temporal lobes, a 
sophisticated visual cortex, multiple cortical 
areas involved in planning of movements, 
and systems involved in the interpretation of 
vocal communication.

http://marmoset.braincircuits.org/

Model for estimation of interareal distances:
‣ Calculate barycenters of individual areas.
‣ Assume that traversing through the white 
   matter is fast (cheap) while passing through
   the gray matter is slow (expensive).
‣ Find the shortest (geodesic) path between
   any two chosen points.
‣ The term speed refers to a parameter of the
   fast marching method (FMM) and is not 
   used in a biological context here.
(right): Illustration of the principle of the method. 
Note: Only a 2D cross-section of the 3D volume 
is shown.

Illustration of the exponential distance rule: p(d) = c exp (–λdd) 
in macaque and marmoset data:


