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The connectivity of minimal neuronal motifs could explain gamma-leading theta interactions 
in recordings of synchronous neural activity



Experimental results

Cross Frequency 
Coupling (CFC)

V. J. López-Madrona et al., eLife, 2020

Introduction: Cross frequency coupling in electrophysiological data

https://doi.org/10.7554/eLife.57313


Introduction: is theta (slow) leading gamma (fast) or the opposite?

vs

Cross Frequency Directionality (CFD): fast->slow 

H. Jiang, NeuroImage, 2015
V. J. López-Madrona et al., eLife, 2020
Y. Zhou et al., iScience, 2022 
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Traditional view (e.g. from coherence): slow->fast

(Negative CFD values are denoted with blue color)

https://www.sciencedirect.com/science/article/pii/S1053811915004267?via%3Dihub
https://doi.org/10.7554/eLife.57313
https://www.sciencedirect.com/science/article/pii/S2589004222017291?via%3Dihub


Results: Motifs of opposite Cross Frequency Directionality

● θ imposed externally

Yet, locally:
● θ-ING: fast->slow
● θ-PING: slow->fast

θ-inp: external drive
BC: basket cells
PC: pyramidal cells



Results: Functional differences of θ-ING and θ-PING 

θ-PING (slow to fast) better at 
integrating the theta driver.

θ-ING (fast to slow) better at 
integrating parallel drivers 



Conclusions 

Simple neuronal circuits exhibit different cross frequency directionality 
depending on connectivity:

1. Fast to slow for feedforward inhibition (θ-ING)

2. Slow to fast for feedback inhibition (θ-PING)

Depending on the circuits computational needs one of the modes could 
be chosen:
1. θ-ING: Integration of parallel pathways

2. θ-PING: Attending the slow driver 


