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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods

The three-dimensional cryo-EM density maps used in this study are available under accession codes EMD-24101 [https://www.ebi.ac.uk/pdbe/entry/emdb/
EMD-24101], EMDB-23249 [https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-23249], EMDB-32336 [https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-32336],
EMDB-31339 [https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-31339], EMDB-30946 [https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-30946], EMDB-23970 [https://
www.ebi.ac.uk/pdbe/entry/emdb/EMD-23970], EMDB-30612 [https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-30612], and their atomic model coordinates can be
accessed by PDB id 7N06 [http://doi.org/10.2210/pdb7N06/pdb], 7LAR [http://doi.org/10.2210/pdb7LAR/pdb], 7W72 [http://doi.org/10.2210/pdb7W72/pdb], 7EVP
[http://doi.org/10.2210/pdb7EVP/pdb], 7E1Y [http://doi.org/10.2210/pdb7E1Y/pdb], 7MSW [http://doi.org/10.2210/pdb7MSW/pdb], 7D84 [http://
doi.org/10.2210/pdb7D84/pdb].

All data generated or analyzed during this study are included in this published article (and its supplementary information files) and \href{https://doi.org/10.6084/
m9.figshare.25407847}{Figshare}. Source data are provided with this paper.
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Cryo-EM Maps maps released after 2021/5 were first gathered. Maps in this subset were clustered by cd-hit at 25% sequence similarity (two
maps with any pair of chains > 25% sequence similarity would be clustered). For each cluster, redundant maps were removed until only one
map remained. It resulted in a non-redundant test set of 99 cryo- EM maps.

Redundant cryo-EM Maps in the test set that contain sequences >40% similarity with any other sequence of test set were excluded to remove
redundancy.

The modeling results could be reproduced by our github repository: https://github.com/biomed-AI/EModelX/

Not applicable, since in our experimental setting samples can be reused. They were reused in different experimental groups, therefore no
random allocation is required.

Cryo-EM Maps in the test set that contain sequences >40% similarity with any sequence of training set were removed so that the test is
independent and blinded. The clustering was performed by by cd-hit: https://sites.google.com/view/cd-hit.




