




Extended Data Fig. 8 | Properties of mAbs in epitope groups B and D3.  
a, Number of WT-cross-reactive and Omicron-specific mAbs in groups B and  
D3 from vaccinated and corresponding unvaccinated cohorts. The p-values is 
calculated using two-tailed hypergeometric test. b, Distribution of SHM rate  
of WT-reactive and Omicron-specific B/D3 antibodies. Number of mAbs are 
annotated above each violin plot. Two-tailed Wilcoxon rank-sum tests are used 
to determine the p-values. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, 
not significant. c, Neutralization of WT-reactive B and D3 mAbs against D614G, 
BA.5, XBB.1.5, and JN.1. Percentage of mAbs exhibiting robust neutralization, 
and fold-changes compared to IC50 against BA.5 are annotated above the 

points. d-e, Chord diagram shows the heavy-light chain pairing of WT-reactive 
and Omicron-specific B (d) or D3 (e) mAbs. f-g, Scatter plots (f) and logo plots 
(g) to compare the DMS escape scores of WT-reactive (cross) and Omicron- 
specific B/D3 mAbs. h, Neutralization of Omicron-specific B and D3 mAbs 
against SARS-CoV-2 variant pseudovirus. Black dash lines indicate limits of 
detection (0.005 and 10 μg/mL). Red dashed lines indicate criteria for robust 
neutralization (1 μg/mL). Percentage of mAbs exhibiting robust neutralization, 
and fold-changes compared to IC50 against JN.1 are annotated above the points. 
Two-tailed Wilcoxon signed-rank tests are used to determine the p-values. 
*p < 0.05; **p < 0.01; ***p < 0.001; NS, not significant.
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Extended Data Fig. 9 | Properties of F3 and IGHV5-51 mAbs. a, Chord diagram 
shows the heavy-light chain pairing of F3 mAbs elicited by XBB infection (left) 
and XBB BTI (right). b, Neutralization of F3 mAbs s elicited by XBB infection 
(left) and XBB BTI (right) against SARS-CoV-2 variant pseudovirus. c, Chord 
diagram shows the heavy-light chain pairing of F3 mAbs elicited by BA.5 + XBB 
infection (left) and BA,5 + JN.1 infection (right). d, Neutralization of F3 mAbs s 

elicited by BA.5 + XBB infection (left) and BA,5 + JN.1 infection (right) against 
SARS-CoV-2 variant pseudovirus. e, Relationship between light chain V genes 
and epitope groups of IGHV5-51-encoding mAbs. f, Comparison of heavy chain 
SHM rates of IGHV5-51-encoding mAbs in epitope groups D3, E3, and F3.  
g, Neutralization of IGHV5-51-encoding mAbs in various epitope groups 
against D614G, XBB.1.5, JN.1, KP.2, and KP.3 pseudovirus.



Extended Data Fig. 10 | Competition between Class 1 and Omicron-specific 
NAbs. a, Superimposed structural models of representative antibodies  
in epitope group A1 and Omicron-specific neutralizing epitope groups.  
b, Superimposed structural models of representative antibodies in epitope 
group A1 and WT-reactive epitope groups. c, Heatmap for pair-wised SPR 

competition scores of representative mAbs in various epitope groups on 
XBB.1.5 RBD. Results related to epitope group A1 are highlighted by blue 
rectangles. d, Schematic for the model to explain the mRNA vaccine-induced 
immune imprinting.
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