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GRN inference refers to the process of summarizing 
gene regulation — a highly complex and dynamic 
process — into an interpretable network structure 
from data using computational methods. 

Interactions in GRNs can be directed or undirected , 
signed (denoting the mode of regulation, positive or 
negative) or weighted (denoting the strength of 
the interaction).

Gene regulatory network (GRN) inference

Integrating Prior knowledge:  chromatin accessibility,
TF binding motif analysis



Limitation of prior information 

Firstly, its performance depends on the overlap between the prior and the ground truth network. 

Secondly, limiting candidate edges to the prior prevents the detection of regulatory interactions absent 
from it, ruling out the discovery of new regulatory relationships.
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The four variants of KINDLE

Hard Distillation

Soft Distillation

Bilinear Pool

Gaussion RBF



Comparison with other SOTA GRN inference methods



Temporal dynamics of TF regulatory performance
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In silico perturbation

Pseudotime
0.0 0.2 0.4 0.6 0.8 1.0

Gata1 expressionPseudotime for each cell

Spi1 expression

HSC

MPP

MPP

CMP

CMP

MEP
GMP

LMPP

Differentiation vector

Perturbation vector of
Gata1 knockout

Perturbation vector of
Spi1 knockout

Erythrocytes lineage 
(mHSC-E)

Granulocytes &  
Monocytes lineage

(mHSC-GM)

Lymphoid lineage
(mHSC-L)

2 3 4 5 6 7 8 9
Gene expression

2 3 4 5 6 7 8 9
Gene expression

(a)

(b)

(c)

Gata1 expression
is high in 

Erythrocytes lineage 
MEP

CMP

Spi1 expression
is low in 

Erythrocytes lineage 

(d)

GMP

LMPP

CMP
HSC

MPP

LMPP

GMP

CMP

MEP



Conclusion

We propose KINDLE to eliminate prior dependence in GRN inference by knowledge 
distillation, which achieves state-of-the-art performance across four benchmark 
datasets without requiring prior knowledge. 

On mouse embryonic stem cell development data, KINDLE successfully identifies 
key TFs and predicts their functional roles during differentiation processes. 

For mouse hematopoietic stem cell development, KINDLE accurately predicts the 
effects of Gata1 and Spi1 knockouts on cell fate determination, demonstrating its 
capability to capture critical regulatory mechanisms.


