
 

Table S1. Cryo-EM data collection, refinement, and validation statistics. 



 

Table S2. Related Marnaviridae virus species used for AlphaFold2 and the average 

pLDDT scores. 



 

Figure S1. Summary of the cryo-EM data analysis. A) Flowchart of the CsfrRNAV 

capsid data analyses of the cryo-EM micrographs using cryoSPARC. Yellow 

arrows point out full CsfrRNAV particles in the cryo-EM micrographs. B) Overall 

3D reconstruction of the full CsfrRNAV capsid. Left: The overall capsid map. 

Right: The back half of the capsid shows the interior features. Capsid is colored 

from blue to red according to its calculated radius. C) The gold standard FSC 

resolution curves of both full and empty particles in icosahedral (I) symmetry. 

The resolutions of these cryo-EM models are estimated as 3.0 (full) and 3.1 

(empty) Å  (FSC cutoff = 0.143). D) The cryo-EM map and the backbone fitting 

with the atomic models of the capsid VP1 (pink), VP2 (blue), and VP3 (light 

green). E) Representative β-sheet, loops and α-helix show the refined side chains 

in full capsid of CsfrRNAV. 

 

 

 

 



 

Figure S2. 3D variability display. The 3D variability display performed in 

cryoSPARC 3.3.2. The symmetry expanded empty particles are sorted into 20 

clusters in total. Only the map in cluster 8 (pale pink) shows clear secondary 

structure and therefore is used for further 3D refinement. 

 

 

 

Figure S3. Self-cleavage sites and partial sequence alignments of CsfrRNAV and 

CtenRNAVII. AVG: average sequence identities. GOOD: good sequence 

identities. * Identical residues. A) Partial sequence alignment result and the 

putative VP4 VP3 proteolytic site in CsfrRNAV and CtenRNAVII. Blue, green, 

and red boxes represent parts of VP2, VP3, and VP4, respectively. Red dashed 

line represents the proteolytic site between VP4 and VP3. Modeled residues are 

in black. Unmodeled residues are in gray. B) Putative self-cleavage sites in the 

VP1, VP2, and VP3 of CsfrRNAV and CtenRNAVII. Residues that are potentially 

involved in self-cleavage in each VP are colored red. Sequences are aligned using 

the T-COFFEE (version 11.00) server [59]. 

 



 

Figure S4. RMSD per residue for VP1–3 (CsfrRNAV vs CtenRNAVII). Residues 

are highlighted from blue to red, showing low to high RMSD values. VP2 does 

not show apparent structural differences apart from the N-terminal arm. VP3 

shows some structural differences in the surface loops adjacent to the VP1 E1E2-

Loop. 

 

 

 

Figure S5. AlphaFold2 structural prediction error (predicted vs. experimental) 

and VP1 structural differences between two representative Marnaviridae viruses 

(CsfrRNAV vs. CtenRNAVII). A) The structural prediction error per residue 

between the experimental and predicted CsfrRNAV VP1s.  The residues are 

colored from low to high deviations (blue to red) by the attribute of their local 

RMSD. B) The overall comparison between experimental CsfrRNAV VP1 and 

CtenRNAVII VP1 structural differences (purple) and the AlphaFold2 prediction 

errors (red), which were calculated using CsfrRNAV VP1 atomic model as a 

reference. 

 

 

Figure S6. Superimposition of the predicted Marnaviridae viruses VP1s and the 

representative residue pLDDT score plot. A) Superimposition of VP1s from all 16 

predicted Marnaviridae viruses. All models are colored according to their pLDDT 

scores by residue from yellow (backbone modeled well) to blue (high accuracy). 



B) Predicted VP1 model of a locarnavirus (JN661160) is shown as an example plot 

of pLDDT score per residue. 

 


