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Background: Sparse activity is a hallmark feature of the dentate 

gyrus granule cells (GCs) and is thought to play an important role in 

network computations, such as pattern separation. Data acquired by 

tetrode recording and calcium imaging showed that only a minority of 

GCs was active at a very low frequency when animals explored an 

open field environment [1, 2, 3]. However, the mechanisms underlying 

the sparse activity of the GCs and the subthreshold membrane 

potential dynamics during spatial navigation remain unknown due to 

limitations of previously used recording techniques. 

Methods: To address these questions, we performed whole- 

cell patch-clamp recordings from morphologically identified GCs, 

together with local field potential (LFP) recordings in head-fixed mice 

running on a linear belt. 

Results: We found that firing properties of morphologically identified 

GCs were highly sparse and heterogeneous. Whereas 43  % of cells 

were silent, 57 % of cells were active to a variable degree, generating 

single spikes and bursts of action potentials (APs). Interestingly, 

active GCs had more complex dendritic trees than silent GCs, with a 

larger number of higher-order branches (n = 22 / 27, p = 0.001). 

Active GCs showed larger AP amplitude, faster AP rise and shorter 

AP duration (n = 26 / 24, p = 0.015, 0.0001 and 0.003). Analysis of 

membrane potential (Vm) dynamics during spatial navigation revealed 

that GCs with spatially tuned spiking also received spatially tuned 

inputs, indicated by more depolarized Vm, higher variance of Vm  

in-field than out-field, and spatial tuning vector length significantly 

different from that of shuffled data. Unexpectedly, we found that 25  % 

non-place active GCs and 22 % silent GCs also received spatially 

tuned inputs. Finally, a machine learning algorithm using the 

morphological, intrinsic and extrinsic properties of the current data 

set was able to predict the GC firing patterns. 

Discussion: Our data suggests that a combination of morphological, 

intrinsic and extrinsic properties may synergistically contribute to the 

sparse and heterogeneous firing pattern of GCs in vivo. Spatially 

tuned inputs may prime GCs to encode spatial information. 
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