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Supplementary Figure 1 

Supplementary Figure 1 Detection of dimeric RdRp particles. 

a, Detection of RdRp dimers in cryo-EM data. On the left, nearest neigbor (NN) distances for all N= 

902,303 Warp1-picked monomeric RdRp particles, with the most significant peak that deviates from 

the underlying random distribution indicated (*) at around 75 Å. In the middle plot, NN orientations 

are shown, expressed as a single angle of rotation around the eigenvector of the rotation matrix. A 

clear peak (*) is visible close to 180°. On the right, a conjoined plot of NN monomer distances and 

relative orientations, revealing that those nearest neighbors with a distance around 75 Å are also very 

likely to have relative orientation of >165°. This indicates a correlation between this distance and a 

defined orientation within dimers.  

b, Detailed analysis of our peak distances and relative orientations. In the first two panels, the 

elements of the vector connecting two NN monomers, expressed in the reference frame of one of the 
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two monomers, are shown, further indicating a defined co-localization of two monomeric RdRps. In 

the third panel, a projection of relative orientations on a half sphere are shown. Colors indicate the 

number of particles in each bin. 

c, Monomeric RdRp as previously reported2 (PDB code 6yyt) with axes indicated that were used for 

x,y,z offsets in b. Color code is the same as in Supplementary Figure 3. 

d, NN distances and relative orientations of the N= 31,011 monomers that are predicted to be part of 

dimers and an overlayed Gaussian fit. 
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Supplementary Figure 2  

 
 

Supplementary Figure 2 Cryo-EM processing of RdRp dimers. 

a, Selected 2D class averages from our predicted 78,787 dimeric particles. We chose classes with two 

clearly defined RdRp monomers and strong RNA signal as an indication for high alignment quality, 

representing 27,473 particles in total. 
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b, Fourier shell correlation (FSC) curve for the masked reconstruction of the antiparallel dimer, 

indicating an average resolution of 6.1 Å. FSC values were calculated through a RELION3 

postprocessing job to obtain values for the phase randomized curve as well. As input, the half maps 

and refinement mask from cryoSPARC’s4 reconstruction were provided. The second panel contains a 

histogram of directional FSC values as calculated by the 3DFSC5 server, indicating significant 

anisotropy with a sphericity value of 0.807. 

c, With C2 symmetry applied, the average resolution of the reconstruction increased to 5.5 Å. The 

second panel contains a histogram of directional FSC values as calculated by the 3DFSC server, 

indicating significant anisotropy with a sphericity score of 0.789. 

d, Orientation distribution from the reconstruction without (left) and with C2 symmetry alignment 

(right), showing a strong preferred orientation. Colour bars indicate number of particles in each bin. 
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Supplementary Figure 3 

 

 

Supplementary Figure 3: Quality of dimeric RdRp structure and structural comparisons. 

a, Fit of structural model to cryo-EM density. Density was weak or lacking for the second turn of 

RNA and the associated nsp8a sliding pole. Views are related by a 90° rotation around the vertical axis. 

b, Local resolution estimated using cryoSPARC. Resolution was weak for the second turn of RNA, 

which was also excluded from our model in a.  

c, Modeling the second nsp8 copy (nsp8b) onto the top RdRp in the dimer structure resulted in clashes 

with the nsp7 subunit of the neighboring RdRp on the bottom.  

d, Modeling of the nsp13 shows that helicase may  accommodate on the RdRp dimeric structure. The 

nsp13 copy nsp13.1 (chain E in 7CXN6) can bind to one of the two monomers (binding to top 

monomer shown).  

e, Modeling of the nsp13.2 shows that each of the two RdRp molecules may bind this copy of nsp13 

(chain F in 7CXN6)  without clashes.  
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