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 Molecular representation learning is fundamental to a wide range of 

downstream tasks, including de novo drug design, molecular dynamics 

simulation, and molecular property prediction, in which 3D structural 

information is critical.

1.1 Molecular Representation Learning  



 Masked Graph Modeling typically consists of three components: (1) 3D 

graph masking; (2) A 3D graph encoder; (3) A 3D graph decoder.

1.2 Masked graph modeling



To adapt re-mask decoding for 3D MGM, 

we identify two challenges:

 Leaking 2D structure to decoder 

weakens encoder’s MRL capability.

 Structure-independent decoding can 

prevent structure leakage, but hinders 

reconstruction of re-masked atoms.

To address the challenges, we introduce 

3D Molecular Graph Auto-Encoder with 

Selective Re-maskDecoding (3D-GSRD).

1.2 3D Masked Graph Modeling  
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2.1 Framework Overview: 3D-GSRD
 3D-GSRD contains three key elements: (1) a 3D-ReTrans encoder; (2) the SRD 

that re-masks only 3D-relevant information from the encoder representations 

while preserving its 2D structure information via 2D-from-3D distillation; (3) a 

structure-independent decoder. 



2.2 SRD: Selective Re-mask Decoding
 Re-mask Decoding with 2D Graph Position Encoder

 Building a 2D Graph Position Encoder without Structure Leakage via 2D-from-

3D Distillation

 Pretraining loss



2.3 3D Relational-Transformer 
 (a) 3D-ReTrans is constructed by stacking multiple 3D Relational-Attention and 

3D Update Layers. (b) 3D Relational-Attention that processes both atom-wise 

and pair-wise features. (c) 3D Update Layer that includes a residual connection. 

Core design: explicitly separate and jointly process two types of features

 scalar features: encode scalar information like atom types and distances

 vector features: capture directional geometric information 
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3 Analysis

Analysis1. The structure-dependent decoder 

can diminish the encoder’s role in MRL. The 

structure-independent decoder heavily relies 

on high-quality encoder representations.

Analysis 2. Structure-independent decoder 

improves downstream performance compared to 

structure-dependent decoder. 

Analysis 3. 2D-PE and 2D-from-3D distillation 

boost downstream performance.



3 Analysis

Analysis 4. SRD prevents the encoder 

representation from containing information 

about 3D coordinates.

Analysis 5. 2D-PE produces 2D structural context 

without introducing information leakage.
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4.1 Results on MD17

 3D-ReTrans achieves performance comparable to TorchMD-NET and 

surpasses 3D-EMGP on 7 of 8 molecules

 3D-GSRD attains state-of-the art results on 7 of 8 molecules except 

Benzene, exceeding the strongest baseline (i.e.,Frad) by a large margin.



4.2 Results on QM9



4.3 Ablation Studies 

The results show that 3D Relational-Attention, 

the 3D Update Layer, and 3D data augmentation 

each enhance molecular property prediction, 

collectively boosting overall performance.

The results show that incorporating SRD 

consistently improves downstream performance, 

demonstrating its effectiveness as a general 

pretraining strategy applicable to diverse 3D 

graph encoder architectures.
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5 Conclusion

We introduce 3D-GSRD, a 3D MGM framework with three key components: (1) the Selective 

Re-mask Decoding that selectively re-masks 3D-relevant information while preserving 2D 

graph structures; (2) a structure-independent decoder that eliminates all structural information 

by relying solely on encoder representation; and (3) 3D-ReTrans as the 3D graph encoder for 

MRL. Our detailed analysis reveals the internal mechanisms of SRD and the structure-

independent decoder. Extensive experiments demonstrate that 3D-GSRD significantly 

outperforms baselines on downstream datasets such as QM9 and MD17.
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