Article https://doi.org/10.1038/s41592-024-02340-4

Extended Data Fig. 5| Homogeneous reconstruction of the S. cerevisiae incryoDRGN. b. FSC curves between half-maps for varying numbers of tilts per
ribosome varying the number of tiltimages (D=256,1.96 /pixel).a.Local particles. c. FSC curves for either the full particle set (119,031 particles) or the
resolution estimated from RELION 4.0 for reconstructions using 1 tilt, 8 tilt, and filtered particle set (93,281 particles) using all tilts per particle.

32tilts per particle, with maps obtained through voxel-based backprojection
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Extended Data Fig. 6| Homogeneous reconstruction of translational states
ofthe S. cerevisiaeribosome identified in cryoDRGN-ET in the eEF1A, A/T,
Pstate. a. The left panel shows the UMAP visualization of the latent space from
cryoDRGN-ET training on the indicated particle set, with overlaid heatmaps
highlighting particles belonging to each state. The right column depicts the
homogeneous reconstruction (D=256,1.96 A/pixel) from cryoDRGN-ET’s voxel-
based backprojection for particles selected in each state. Reconstructions are
low-pass filtered to the FSC resolution and colored by corresponding factors.
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b.Superposition of the PtRNA, A/T tRNA, and eEF1A from this state vs the codon
recognition state (cyan) from PDB ID: SLZS ref. 30. The PtRNA, A/T tRNA, and
eEF1A were separately docked into the reconstruction froma) for comparison
to the codonrecognition state. Density is shown from the reconstruction in a)
around these factors. Arrows indicate the shift in position of the A/T tRNA and
eEF1A between the codon sampling and codon recognition states. c. FSC curves
bewteen half-maps for the eEF1A, A/T, P state.
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Extended Data Fig. 7 | Conformational motions of the S. cerevisiae ribosome
SSUidentified in cryoDRGN-ET in the following states: a. the eEF1A, A/T, P
state; b. the A, Pstate; c. the eEF2, P, Estate; and d. the eEF2, Pstate. Inall
panels, the non-rotated S. cerevisiae ribosome structure in PDBID 3)78 ref. 68 is
shownin grey, and docked models into high-resolution reconstructions from
cryoDRGN-ET are shown in green. The left column shows the rotation of the
SSU, with models aligned on the LSU (LSU not shown for clarity) and red arrows
indicating rotations. The middle column shows rolling of the SSU, again with
models aligned on the LSU and red arrows indicating rolling. Finally, the right
column shows the SSU head swivel, with models aligned on the SSU body

SSU head swivel

SSU rolling

Swivel ~1.7°

(LSU removed and not shown), and red arrows indicating cases where a minor
head swivel is present. Rotations angles between docked models and coordinates
from PDBID 378 ref. 68 are measured in ChimeraX®. For each state we report
two rotation angles. The angle representing either ‘SSU rotation’ or ‘SSU rolling
and rotation’ is measured as the rotation angle required to superimpose the
state’s SSU onto the SSU of PDB 3J78, when structures aligned on the LSU. The
angle representing the head swivel is measured as the rotation angle required

to superimpose the SSU head between that state and PDB ID 3)78, when the SSU
structures are aligned on the SSU body.
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Extended Data Fig. 8| Structures of polysomes, eIF5A, uL10 and NTD-P1/P2, maps from cryoDRGN-ET are shown depicting ribosomes with and without

and eEF3identified in cryoDRGN-ET analysis of the S. cerevisiae ribosome elF5A (top row) and with polysome density (bottom row). In the right column
froma. SSUrotated and b. SSU non-rotated particles. In the left column, of b), representative maps from cryoDRGN-ET are shown depicting ribosomes
UMAP visualization of the latent space from cryoDRGN-ET training (D=128, 3.92 with and without uL10(P1-P2), density (top row), with and without eEF3 density
A/pixel) ontheindicated particle set. Latent embeddings for representative (middle row), and with polysome density (bottom row). Atomic models for eIF5A
density maps are highlighted. In the right column of a), representative density and eEF3 are shown in density from the cryoDRGN-ET representative map.
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Extended DataFig. 9 | S. cerevisiae fatty acid synthase classification and with best fitting atomic model (non-rotated state). Middle: FAS map at low
atomic models fit in maps. a. Maps and particle counts from RELION 3D threshold showing density for ACP (red) in the non-rotated state. Right: FAS map
classification (3 classes). The map from the best quality particles is shown in atlow threshold missing density for ACP (orange) in the rotated state. c. Sampled
magenta.b. D3 symmetry RELION refinement of 5,239 high quality particles volumes from the extremes of a scan along PC1 of the latent space (left) with best
selected by cryoDRGN-ET (Fig. 4) with a fit atomic models for the non-rotated fitting atomic models (non-rotated PDB ID: 6QL6 ref. 36 inblue; rotated PDBID:
(blue, PDBID: 6QL6) and rotated (green, PDBID: 6QL5) states™. Left: FAS map 6QL5ref.36ingreen).
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Extended Data Fig. 10 | TomoDRGN* performance on M. pneumoniae
ribosome and . cerevisiae fatty acid synthase particles. a. 20 representative
sampled volumes across the latent space (black dots in UMAP representation,
left) are allin the A, P state (right). b. Sampled volumes (right) across PC1 of

the latent space (left) show isosurface changes rather than conformational
heterogeneity. Maps are generated from points in the latent space depicted with
corresponding colors.
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Data collection  The following tools were used for data collection: TEM Tomography 5 software (Thermo Fisher Scientific)

Data analysis The following tools were used for data analysis: ChimeraX 1.6.1, Warp/M 1.0.9, AreTomo 1.3.4, RELION 4.0, RELION 3.0, RELION 3.1,
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STOPGAP), cisTEM 1.0.0-beta, crYOLO 1.9.9, IMOD 4.11, Membrane-Seg (https://github.com/teamtomo/membrain-seg), Segger 1.9.2,
cryoDRGN 3.0.0-beta (https://github.com/ml-struct-bio/cryodrgn)
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weights, density maps, and any associated files needed to reproduce this analysis are available on Zenodo (doi: 10.5281/zenodo.11399378). Atomic models used
from previous studies were obtained from the PDB (7PHA, 7PHB, 7PHC, 7PH9, 3J7R, 5LZS, 6GQV, 6TNU, 3J78, 7B7D, 6TA1, 6QL5, and 6QL6). The dataset from
EMPIAR-10499 was analyzed in this study.
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Replication Replication is not currently reported; however replica training runs produced qualitatively similar results. Replicate runs were performed for
at least one choice of hyperparameters for the three datasets. Further hyperparameter and convergence exploration was carried out with a
single replicate.

Randomization | Image datasets were split into random halves to compute resolution metrics.

Blinding Researchers were blinded to expectd results by construction as the study performs unsupervised representation learning. However,
researchers were not blinded to previously published analyses of the dataset.
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied.
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assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
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