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1437  Extended Data Figure 1. mRNA-encoded dual quartets are presented on cells and eVLPs.
1438 (a) Flow cytometry using C118, a human pan-sarbecovirus RBD-specific mAb!*2°, demonstrating
1439  that transfections of mRNAs encoding EABR and non-EABR versions of RBD quartet 4a or
1440  quartet 4b resulted in expression on the surface of transfected cells. Untransfected cells are shown
1441  as controls (unstained or stained with C118). (b) Left: ELISA schematic. RBD quartet levels were
1442 measured by capturing purified eVLPs with an anti-Rs4081 RBD mAb? (recognizes RBD quartet
1443 4abut not quartet 4b) or an anti-RmYNO02 RBD mAb? (recognizes RBD quartet 4b but not quartet
1444 4a) and detecting with the pan-sarbecovirus RBD-specific C118 mAb!*2°, Right: ELISA showing
1445  that purified single quartet eVLPs purified from supernatants of cells transfected with mRNA
1446  encoding RBD quartet 4a-EABR or RBD quartet 4b-EABR displayed RBD quartets on their
1447  surface. The mean absorbance of two replicates is shown as a function of eVLP dilution with error
1448  bars representing standard deviations. (c) Flow cytometry demonstrating that RBD quartets 4a and
1449  4b were co-expressed on the surfaces of individual cells. RBD quartet 4a was detected using an
1450  anti-Rs4081 RBD mAb* and RBD quartet 4b was detected using anti-WIV1 RBD mAb?.
1451  Untransfected cells stained with the anti-Rs4081 and anti-WIV1 RBD mAbs are shown as controls.
1452 The percentage of cells in each quadrant is shown. (d) Left: ELISA schematic. Purified eVLPs
1453 were evaluated in a sandwich ELISA in which an anti-WIV1 RBD mAb?® (recognizes RBD quartet
1454 4b but not quartet 4a) was used as a capture Ab and an anti-Rs4081 RBD mAb? (recognizes
41
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quartet 4a but not quartet 4b) was used for detection. Right: ELISA showing detection of both
RBD quartets 4a and 4b on the surfaces of eVLPs purified from supernatants of cells co-transfected
with mRNAs encoding RBD quartet 4a-EABR and 4b-EABR constructs. The mean absorbance of
two replicates is shown as a function of eVLP dilution with error bars representing standard
deviations. Binding was not detected for purified supernatant samples from untransfected cells
(control) or from supernatants from cells transfected with RBD quartet 4a, RBD quartet 4a-EABR,
RBD quartet 4b, RBD quartet 4b-EABR, or RBD quartet 4a plus RBD quartet 4b (all data were
plotted but some data points near 0.0 Asso are obscured by others).
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1467  Extended Data Figure 2. Dual quartet mRNAs elicited cross-reactive Abs.
1468  Data are shown for ELISA and neutralization analyses for terminal bleed serum samples (see also
1469  Fig.2). (a) Immunization regimen. Left: Mice were primed at day 0, boosted at day 28, and samples
1470  were collected from a terminal bleed at day 77 or 78. Right: Colors used to identify immunizations
1471  and symbols indicating a matched (filled in square data points; gray shading around name) or
1472 mismatched (unfilled square data points; black outline around name) sarbecovirus antigen.
1473 Sarbecovirus strain names are colored in panel b according to clade. (b) RBD-binding ELISA (left)
1474  and pseudovirus neutralization (right) results for serum samples from day 77 or 78 after the prime
1475  immunization. Immunogens are shown compared with the cohorts immunized with 0.5 pg of an
1476 ~ mRNA-based immunogen. Dashed horizontal lines indicate the limits of detection for each assay.
1477  Left: Geomeans of EDso values for animals in each cohort (symbols with geometric standard
1478  deviations indicated by error bars) are connected by colored lines. Mean titers against RBDs from
1479  indicated sarbecoviruses were compared pairwise across immunization cohorts by Tukey’s
1480  multiple comparison test with the Geisser-Greenhouse correction (as calculated by GraphPad
1481  Prism). Right: Neutralization potencies for serum samples from day 77 or 78 after immunization
1482  presented as half-maximal inhibitory dilutions (IDso values) of sera against pseudoviruses from
1483  the indicated coronavirus strains. Significant differences between the two cohorts are indicated by
1484  asterisks: p<0.05 = *, p<0.01 = ** p<0.001 = *** p<0.0001 = ****
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1487  Extended Data Figure 3. DMS line and logo plots (WA1 RBD library) for individual mice.
1488  DMS line plots (left) and logo plots (right) for results from individual mice (identified by 4-digit
1489  numbers) immunized with the indicated immunogens. X-axes of line and logo plots show RBD
1490  residue numbers, and y-axes of line plots show the sum of the Ab escape for all substitutions at an
1491  RBD residue (larger numbers indicate increased Ab escape). Sites with the strongest Ab escape
1492 are shown in logo plots; tall letters represent the most frequent substitutions at a site. Logo plot
1493 residues are colored according to RBD epitopes within different classes?*#4-¢ as indicated on the
1494  legend.
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Extended Data Figure 4. DMS line and logo plots (SARS-1 RBD library) for individual mice.
DMS line plots (left) and logo plots (right) for results from individual mice (identified by 4-digit
numbers) immunized with the indicated immunogens. X-axes of line and logo plots show RBD
residue numbers, and y-axes of line plots show the sum of the Ab escape for all substitutions at an
RBD residue (larger numbers indicate increased Ab escape). Sites with the strongest Ab escape
are shown in logo plots; tall letters represent the most frequent substitutions at a site. Logo plot
residues are colored according to RBD epitopes within different classes?*#4-¢ as indicated on the
legend.
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1507  Extended Data Figure 5. mRNA-encoded dual quartet RBD immunogens elicit balanced IgG
1508  subclass and potent FcyR-binding responses.

1509  MFI =Median fluorescent intensity. For IgG1, IgG2a, IgG2b, IgG3, FcyR2b-binding IgGs, FcyR3-
1510  binding IgGs, FcyR4-binding IgGs, and total IgG, geomean MFI values of the individual responses
1511  shown in panel a for each cohort binding to different spikes or RBDs are represented as points in
1512  abox and whisker plot and compared pairwise across immunization cohorts by Tukey’s multiple
1513  comparison test calculated by GraphPad Prism. Significant differences between cohorts linked by
1514  wvertical lines in panels b and ¢ are indicated by asterisks: p<0.05 = *, p<0.01 = ** p<0.001 = ***,
1515 p<0.0001 = ****

1516  See also Fig. 5.
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1522  Extended Data Figure 7. Characterization of RBD N-glycan mutants used for SySPEM
1523  analysis.

1524  (a) Top: Locations of the added N-glycan(s) in RBD KO mutants, as shown by highlighting of one
1525  or more residues that were changed to Asn in the introduced PNGS(s). Bottom: Sequence
1526  conservation of 16 sarbecovirus RBDs calculated using ConSurf* shown on a surface
1527  representation of SARS-2 RBD (PDB 7BZ5). Class 1, 2, 3, 4, 1/4, and 5 anti-RBD Ab epitopes?*#+
1528 4 are outlined in dots in different colors using information from representative structures of Abs
1529  bound to SARS-2 spike or RBD (C102: PDB 7K8M; C002: PDB 7K8T, S309: PDB 7JX3;
1530  CR3022: PDB 7LOP; C118: PDB 7RKV; WRAIR-2063: PDB 8EOO). (b) SDS-PAGE analysis
1531  of purified wt RBD and RBD KO mutants. Molecular weight marker positions are shown on the
1532 left with the molecular weight indicated in kilodaltons. KO mutants are listed with the RBD epitope
1533  class affected by the N-glycan addition(s) and residue number(s) of Asn residue(s) to which N-
1534 linked glycan(s) were added. (c) Results of ELISA showing ratio of binding of characterized mAbs
1535  or human ACE2-Fc¢?° to wt RBD versus the RBD KO mutants listed on the left. ELISA ECso values
1536  for binding of each reagent to wt RBD and the six RBD KO mutants were derived using , and the
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1537  fold reduction in binding to each RBD KO mutant was calculated as ECso RBD KO / ECso RBD
1538  wt. Classifications of RBD epitopes recognized by the characterized mAbs and ACE-2 Fc are
1539 taken from refs?%-25-26:44-46,
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Extended Data Figure 8. SySPEM score comparisons show distinct epitope profiles across

immunogen cohorts.

SySPEM scores from individual mice in each immunogen cohort (columns) were determined for
each IgG class (rows, IgG subclass plus different FcyR-binding IgGs) with statistical comparisons
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between targeted epitopes (colors). A SySPEM value of 0 indicates that none of the IgGs in that
sample were affected by the glycan addition and therefore the sample did not contain IgGs that
recognize that epitope, and a SySPEM value of 100 indicates that all IgGs in that sample
recognized that epitope (Extended Data Fig. 6). A SySPEM value between 0 and 100 indicates the
proportion of IgGs in a sample that recognized the epitope that was blocked by glycan addition in
the RBD KO mutant. Box and whisker plots of SySPEM scores with individual data points
representing one mouse are shown. Significant differences between cohorts were calculated using
Tukey’s HSD posthoc test and linked by vertical lines indicated by asterisks: p<0.05 = *, p<0.01
= ** p<0.001 = *** p<0.0001 = ****_See also Figs. 6, 7.
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