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Co-ac&va&on	mapping	and	Parcella&on	
Sarah Genon 

Jülich Research Centre, Institute of Neuroscience and Medicine,  
Brain and Behavior (INM-7) 
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•  Topic	based	meta-analyses:	
	derive	brain	regions	consistently	found	
	across	studies	inves&ga&ng	a	specific	
	func&on	

	
	

•  Loca4on	based	meta-analyses:	
		

Meta-Analyses 
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•  Topic	based	meta-analyses:	
	derive	brain	regions	consistently	found	
	across	studies	inves&ga&ng	a	specific	
	func&on	

	
	

Meta-Analyses 
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•  Topic	based	meta-analyses:	
	derive	brain	regions	consistently	found	
	across	studies	inves&ga&ng	a	specific	
	func&on	

	
	

•  Loca4on	based	meta-analyses:	
	derive	brain	regions	consistely	found	to
	ac&vate	together	with	a	specific	region				
across	studies	inves&ga&ng	different	
func&ons	

	

Meta-Analyses 
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•  Topic	based	meta-analyses:	
	derive	brain	regions	consistently	found	
	across	studies	inves&ga&ng	a	specific	
	func&on	

	
	

•  Loca4on	based	meta-analyses:	
		

Meta-Analyses 

„	le6	M1	func4onal	network	„	
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Func4onal:	
Func4onal	MRI	&	PET	

Structural/anatomical:	
Diffusion	MRI	

Data	 Task-based	fMRI	&	PET	
(behavioral	task	!)	

Res&ng	state	fMRI	
(no	behavioral	task	!)	

Diffusion	MRI	

Concept	 Task-based:		
Ac&va&on	during	task	

Res&ng-state:	
Signal	fluctua&ons	at	rest	

Diffusion-based:	
Es&ma&on	of	fiber	direc&on	

How	?	 E.g.:	Meta-Analy&c	
Connec&vity	Modeling	
(MACM)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Correla&on	in	signal	
fluctua&ons	
	

E.g.	:	probabilis&c	diffusion	
tractography	
	

MRI/PET-based  
connectivity 

study	c	

study	a	

study	b	

&me	
voxel	A	

voxel	B	

0	

1	

0	

1	

&me	

&me	
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•  Functional Connectivity: 
–  Temporal coincidence of spatially distinct 

neurophysiological events 
–  Task-based fMRI: Concurrent activity of brain regions 

à Co-activation 

•  Location based meta-analyses: 
–  Co-activations consistently found across different 

experiments 
–  Meta-analysis as a tool to derive functional connectivity 

à  Meta-analytical connectivity modeling (MACM) 

Functional Connectivity 
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Databases 

•  Coordinates in stereotactic space 
•  Experimental information 
 

http://brainmap.org/ 

3139	papers	
15549	experiments	
121082		loca&ons 
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•  Iden&fica&on	of	all	experiments	ac&va&ng	the	
seed	region	

	

•  General	and	specific	inclusion/exclusion	
criteria	

	

•  Extrac&on	of	all	coordinates	reported	in	
iden&fied	experiments	

	

•  Performing	a	meta-analysis	across	iden&fied	
experiments	

MACM : Workflow 
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Co-activation of left M1 

Which brain regions are 
functionally connected to left M1 ? 
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•  Identify all experiments activating the seed region 

155 experiments activating left M1 

Co-activation of left M1 
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Co-activation of left M1 

•  Extract all coordinates	
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~2200 activation foci 
	

Co-activation of left M1 

•  Extract all coordinates	 from 155 experiments 
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•  Perform a meta-analysis across identified 
experiments 

	

Network significantly co-activating with M1 

Co-activation of left M1 
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Comparison to  
resting state functional connectivity 

MACM 

Resting-State 
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•  Functional Connectivity: 
–  Temporal coincidence of spatially distinct 

neurophysiological events 
–  Task-based fMRI: Concurrent activity of brain regions 

à Co-activation 

•  Location based meta-analyses: 
–  Co-activations consistently found across different 

experiments 
–  Meta-analysis as a tool to derive functional connectivity 

à  Meta-analytical connectivity modeling (MACM) 

Functional Connectivity 

è Functional connectivity to parcellate the brain  
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•  The brain is topographically organized 

Brain parcellation 

Fan	et	al.,	2016	 JuBrain	 Lorenz	et	al.,	2017	

cogni4ve	
sensori-
motor	

behavioral	func&ons	cytoarchitecture	

Kurth	et	al.,	2010	

connec&vity	

•  Different brain regions have different characteristics 
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Connectivity based 
parcellation (CBP) 

Cieslik et al., 2013 Clos et al., 2013 



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 

•  Perform	a	MACM	analysis	for	every	individual	voxel	of	
the	ROI	

			à	Connec&vity	matrix:	Probability	of	co-ac&va&on	for	
								every	voxel	of	the	ROI	with	all	voxels	of	the	
								brain	
	

•  Examina&on	of	distances	in	connec&vity	between	each	
pair	of	voxels	within	the	VOI	

			à	(Dis)Similarity	matrix:	Correspondence	between	profiles	

•  Clustering:	hierarchical	or	K-mean	clustering	

MACM-CBP : Workflow 



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 

MACM-CBP of  
dorsal premotor cortex (PMd) 

Are there functionally distinct 
subregions within the dorsal 

premotor cortex ROI ? 
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MACM-CBP of PMd 

For each VOI voxel:  
•  Identification of all experiments activating that voxel 
•  Computation of across-experiment convergence of co-

activations 

•  Perform a MACM analysis for every individual voxel of 
the PMd ROI  
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MACM-CBP of PMd 

For each VOI voxel:  
•  Its connectivity profile (fingerprint) 

•  Perform a MACM analysis for every individual voxel of 
the PMd ROI  

	

Connec&vity	between	ROI	voxel		„x“	and	brain	voxel	„y“	

è	connec&vity	matrix	
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MACM-CBP of PMd 

•  Calculation of distance in connectivity between 
each voxel pair of the PMd 
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-  Voxels with similar co-activation 
patterns à same cluster 

-  Voxels with different co-activation 
patterns à different cluster	

MACM-CBP of PMd 

•  Clustering: 
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What are the connectivity differences 
driving this parcellation? 

MACM-CBP of PMd 
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What are the connectivity differences 
driving this parcellation? 

MACM-CBP of PMd 

>	



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 

What are the connectivity differences 
driving this parcellation? 

MACM-CBP of PMd 
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MACM-CBP projects 

Le6	PMd:	Genon	et	al.,	
NeuroImage	in	press	

Right	PMd:	Genon	et	al.,	
Cerebral	Cortex	2017	

dmPFC:	Eickhoff	et	al.,	
Cerebral	Cortex	2015	

Right	PMd:	Genon	et	al.,	
Cerebral	Cortex	2017	
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Database for meta-analytical 
results 

Meta-analytic maps  are openly shared through the ANIMA 
database: http://anima.fz-juelich.de  
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•  Topic based meta-analyses: identify networks 
associated to a specific function 

•  Location based meta-analyses: identify networks 
co-activating with a specific region across 
different functions 

•  Meta-analytic connectivity modeling offers an 
approach to task-based functional connectivity 

•  Co-activation based parcellation enables to 
identify cortical modules in a data-driven fashion 

Summary 
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Thank	you!	

Funding	

[e-mail:	s.genon@fz-juelich.de]	
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è 	Search	for	several	k:		
	e.g.:	2	->	8		

How	many	clusters?	

CBP:	how	many	clusters	?	

k	=	2	 k	=	3	 k	=	6	
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CBP:	how	many	clusters	?	

Informa&on	theory	 consistency	 separa&on		


