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CHAPTER 6. RECONSTRUCTING HETEROGENEOUS BIOMOLECULES VIA HIERARCHICAL GAUSSIANMIXTURES AND PARTDISCOVERY65

Method
IgG-1D IgG-RL Ribosembly

Mean (std) Med Mean (std) Med Mean (std) Med

3D Classification [141] 0.297 (0.019) 0.291 0.309 (0.01) 0.307 0.289 (0.081) 0.288
CryoDRGN [188] 0.366 (0.003) 0.366 0.349 (0.008) 0.348 0.415 (0.019) 0.415

CryoDRGN-AI-fixed [79] 0.366 (0.001) 0.366 0.355 (0.007) 0.354 0.372 (0.032) 0.374
3DFlex [127] 0.336 (0.002) 0.336 0.339 (0.007) 0.339 - -
3DVA [126] 0.351 (0.003) 0.351 0.341 (0.006) 0.341 0.375 (0.038) 0.372

RECOVAR [37] 0.391 (0.001) 0.391 0.372 (0.008) 0.371 0.430 (0.016) 0.432
CryoSPIRE (ours) 0.402 (0.002) 0.402 0.386 (0.014) 0.389 0.427 (0.014) 0.424

Table 6.1: Mean (standard deviation) and median of AUC of Per-Conformation FSCs on synthetic
CryoBench datasets [57] of IgG-1D, IgG-RL and Ribosembly, reported for our method and other
baselines. Statistics computed across di↵erent structural states, i.e. 100 for IgG-1D and IgG-RL and
16 for Ribosembly. FSCs are computed after masking out background noise. (Best method in bold,
second best underlined).

Method
IgG-1D IgG-RL Ribosembly

Mean (std) Med Mean (std) Med Mean (std) Med

3D Classification [141] 0.297 (0.019) 0.291 0.309 (0.01) 0.307 0.289 (0.081) 0.288
CryoDRGN [188] 0.351 (0.028) 0.356 0.331 (0.016) 0.333 0.412 (0.023) 0.415

CryoDRGN-AI-fixed [79] 0.364 (0.002) 0.364 0.348 (0.012) 0.350 0.372 (0.032) 0.375
3DFlex [127] 0.335 (0.003) 0.335 0.337 (0.007) 0.337 - -
3DVA [126] 0.349 (0.004) 0.350 0.333 (0.014) 0.335 0.375 (0.038) 0.375

RECOVAR [37] 0.386 (0.001) 0.388 0.363 (0.011) 0.363 0.429 (0.018) 0.432
CryoSPIRE (Ours) 0.396 (0.013) 0.400 0.375 (0.020) 0.391 0.422 (0.015) 0.421

Table 6.2: Mean (standard deviation) and median of AUC of Per-Image FSCs on synthetic CryoBench
datasets [57] of IgG-1D, IgG-RL and Ribosembly, reported for our method and other baselines.
Statistics computed across di↵erent structural states, i.e. 100 for IgG-1D and IgG-RL and 16 for
Ribosembly. FSCs are computed after masking out background noise (Best method in bold, second
best underlined).

e�ciency, while the part-aware GMM is optimized on 256⇥ 256 images. We use batch size B=64

and set hyperparameters �z = 0.1,�f = 0.01. The optimization runs on a single NVIDIA GeForce

RTX 2080, taking 3 to 6 hours depending on the number of Gaussians in the model.

Evaluation Metrics. Evaluating reconstruction methods is a critical challenge in cryo-EM,

especially on experimental data for which ground truth 3D density maps do not exist. Nevertheless, in

homogeneous reconstruction, the quality of cryo-EM density maps are typically evaluated using Fourier

Shell Correlation (FSC) [170], which is the normalized cross-correlation between two independently

estimated density maps, as a function of frequency [48, 170] (please see the background chapter

Sec. 2.3 for detailed discussion). Metrics for heterogeneity are less standardized, yet, recently

CryoBench [57] have suggested relevant metrics of Per-Conformation FSC (or Per-Conf FSC) and

Per-Image FSC [57]. Per-Conf FSC is the average FSC between the ground-truth 3D structure of a

particle state, and the 3D structure corresponding to the average latent position of images associated

with that state. A closely related measure is the Per-Image FSC, which is the mean AUC-FSC

between the ground truth density maps and those estimated from the latent state by taking one

sample particle per ground-truth state. The Per-Conf FSC requires knowledge of ground-truth

3D structures for each image which is not available for experimental data and we instead rely on

qualitative evaluation of the estimated parts and structures. FSC results in a curve which can be

summarized by computing the area under the curve (AUC) to more easily compare methods.
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Capturing both conformational and compositional variability.

A novel hierarchical part-aware GMM for heterogeneous cryo-EM reconstruction

Establishing a new state-of-the-art on CryoBench synthetic datasets

Obtaining biologically meaningful parts on experimental datasets

Conclusion
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