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Insight & Motivation

Existing RNA inverse folding models
condition on a 3D backbone, yet
generate nucleotide sequences only.

Missing side-chain orientation allows
steric clashes and locally invalid 3D
geometries.

GOLD co-generates nucleotide identity
and continuous side-chain torsion.

Core insight: Couple sequence identity
and side-chain geometry in a shared 
latent space.

Preliminaries

Geometric representation of RNA

A rigid nucleobase rotates around the
glycosidic bond.

The key continuous degree of freedom
is the glycosidic torsion angle.

Fixed backbone and torsion enable
differentiable reconstruction of 3D
side-chains.

Method: GOLD

(1) GeoVAE: unified latent manifold
SO(2)-aware fusion encodes discrete sequences and continuous side-chain torsion 
linto one atent manifold.

Sequence, torsion, and coordinate reconstruction losses enforce geometric 
consistency; RNA-FM aligns sequence representations.

(2) Backbone-conditioned latent diffusion

A GVP encoder extracts 3D backbone geometry; a latent DiT learns the conditional 
RNA design distribution.

(3) Training-free dual guidance
Decode soft sequence probabilities and torsion, assemble 3D side-chains, and  
backpropagate 2D pairing and 3D clash energies to steer denoising.

Main Results

GOLD (Base) improves over SOLD; dual guidance adds gains on both benchmarks.

Ablations

Case Studies

Paper: https://arxiv.org/abs/2610.22992
Code: https://github.com/darkflash03/GOLD


