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Graph shows relative abundance of human IGVK (left) and IgVL (right) genes of Sequence Read 631 

Archive accession SRP010970 (orange)55, and vaccinees (blue). Two-sided binomial tests with 632 

unequal variance were used to compare the frequency distributions., significant differences are 633 

denoted with stars. (* p < 0.05, ** p < 0.01, *** p < 0.001, **** = p < 0.0001). b. Sequences 634 

from 14 individuals (Extended Data Table 2) with clonal relationships depicted as in c. 635 

Interconnecting lines indicate the relationship between antibodies that share V and J gene 636 

segment sequences at both IGH and IGL. Purple, green and grey lines connect related clones, 637 

clones and singles, and singles to each other, respectively.  638 

  639 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
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Extended Data Fig. 5: Antibody somatic hypermutation, and CDR3 length. a, Number of 641 

somatic nucleotide mutations in both the IGVH and IGVL in 14 participants (left). Individuals 642 

who received the Moderna vaccine are shown in black and Pfizer-BioNTech vaccine recipients 643 

in red. For each individual, the number of the amino acid length of the CDR3s at the IGVH and 644 

IGVL is shown (right). The horizontal bars indicate the mean. The number of antibody 645 

sequences (IGVH and IGVL) evaluated for each participant are n=68 (MOD1), n=45 (MOD2), 646 

n=117 (MOD3), n=123 (MOD4), n=110 (MOD6), n=109 (MOD7), n=144 (MOD8), n=102 647 

(MOD9), n=132 (PFZ10), n=109 (MOD11), n=91 (PFZ12), n=78 (C001), n=66 (C003), and 648 

n=115 (C004). b, Distribution of the hydrophobicity GRAVY scores at the IGH CDR3 compared 649 

to a public database (see Methods for statistical analysis). The box limits are at the lower and 650 

upper quartiles, the center line indicates the median, the whiskers are 1.5× interquartile range and 651 

the dots represent outliers. Statistical significance was determined using two-tailed Wilcoxon 652 

matched-pairs signed rank test (n.s.=non-significant, **** = p < 0.0001). 653 
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Extended Data Fig. 6: Monoclonal antibody ELISAs. a, Graph shows antibody binding to 656 

SARS-CoV-2 RBD. ELISA EC50 (half-maximal response) values for 84 antibodies isolated from 657 

Moderna vaccinees measured at 8 weeks after the boost and from convalescent individuals at 1.3 658 

and 6.2 months6,7. Horizontal bars indicate geometric mean. Statistical significance was 659 

determined using the two-tailed Mann–Whitney U-test. Average of two or more experiments. b-660 

k, Graphs show ELISA titrations for antibodies all 84 antibodies against the indicated RBD 661 

variants.  n = 84 samples and isotype antibody as indicated in the figure. Low-binding antibodies 662 

are indicated in colors. Data are representative of two independent experiments. l, Table shows a 663 

heat map summary of EC50 values for binding to wild type RBD and the indicated mutants for 17 664 

top neutralizing antibodies.  665 

  666 
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Supplementary Tables 667 

Supplementary Table 1: Individual vaccinee characteristics 668 

 669 

 670 

Supplementary Table 2: Antibody sequences from vaccinees is provided as a separate Excel 671 

file. 672 

Supplementary Table 3: CDR3 alignment of highly identical clonal sequences. 673 

 674 

Supplementary Table 4: Sequences, half maximal effective concentrations (EC50s) and 675 

inhibitory concentrations (IC50s) of the cloned monoclonal antibodies is provided as a 676 

separate Excel file. 677 

 678 

Supplementary Table 5: Neutralization activity of mAbs against mutant SARS-CoV-2 679 

pseudoviruses. 680 

 
SI Table 1. Individual vaccinee characteristics

Participant 
ID

Age 
(years) Sex Race § Ethnicity

1st & 2nd 
dose

1st  dose & 
blood draw

2nd dose & 
blood draw IgG IgM IgA IgG IgM IgA NT50 NT90

B cell phenotyping 
and Ig sequencing

Monoclonal antibodies 
expressed

MOD1 51 Male W Hispanic Moderna 2 28 74 46 26940 3563 2663 20704 2420 1850 746 88 Yes/Yes Yes
MOD2 35 Male W Non-Hispanic Moderna 2 34 62 28 25504 4164 1187 15479 3784 894 250 33 Yes/Yes Yes
MOD3 32 Male W Non-Hispanic Moderna 2 31 78 47 32594 6028 2460 24797 5827 1282 513 73 Yes/Yes Yes
MOD4 63 Female W Hispanic Moderna 2 28 63 35 40526 3097 2897 36772 2483 1257 3567 587 Yes/Yes Yes
MOD6 41 Female W Non-Hispanic Moderna 2 28 89 61 26504 3109 1362 17388 2810 717 178 21 Yes/Yes No
MOD7 62 Male A Non-Hispanic Moderna 2 35 84 49 34325 4967 1120 25025 3194 662 452 80 Yes/Yes No
MOD8 69 Female W Non-Hispanic Moderna 2 35 96 63 25449 1406 2342 19284 1495 958 290 56 Yes/Yes No
MOD9 67 Female W Non-Hispanic Moderna 2 29 119 90 37818 3078 4881 33456 2172 2728 543 99 Yes/Yes No
PFZ10 41 Male W Non-Hispanic Pfizer/BioNTech 2 19 103 84 23279 3520 892 15275 2952 590 138 20 Yes/Yes No
MOD11 30 Male W Non-Hispanic Moderna 2 28 63 35 35789 3850 2287 27896 3307 994 594 111 Yes/Yes No
PFZ12 53 Female W Non-Hispanic Pfizer/BioNTech 2 21 83 62 31885 3764 1702 24996 2116 963 948 154 Yes/Yes No
MOD13 45 Male W Non-Hispanic Moderna 2 28 110 82 13938 1776 708 7767 2683 589 97 10 Yes/No No
MOD15 49 Male W Non-Hispanic Moderna 2 26 90 64 20451 3553 1354 12557 2776 680 298 46 Yes/No No
PFZ16 67 Female W Non-Hispanic Pfizer/BioNTech 2 22 119 97 22220 718 731 12741 872 539 496 60 Yes/No No
MOD17 29 Male AA Non-Hispanic Moderna 2 31 62 31 30322 2816 3325 22258 2685 1985 961 220 Yes/No No
MOD18 59 Female W Non-Hispanic Moderna 2 30 127 97 18999 11442 751 12621 9797 576 141 28 Yes/No No
C001 38 Female W Non-Hispanic Pfizer/BioNTech 2 22 57 35 37288 1418 1802 32003 1848 705 1329 268 Yes/Yes No
C002 41 Male W Non-Hispanic Pfizer/BioNTech 2 21 100 79 17898 1348 695 10205 825 572 160 36 Yes/No No
C003 41 Male W Non-Hispanic Moderna 2 28 49 21 39139 20424 5451 36509 22772 3065 1946 501 Yes/Yes No
C004 37 Male W Non-Hispanic Pfizer/BioNTech 2 21 91 70 30773 858 1409 21052 1733 720 444 115 Yes/Yes No

§ = White (W); African American (AA);  Asian (A), American Indian or Alaska Native (AI/AN); Pacific Islander (PI); Multiple (M); unknown (N/A)
All serological parameters reported here are derived from plasma samples. Reported data are the mean of two independent experiments.

Demographic characteristics Vaccination details Serological assays 
Flow cytometry and antibody cloning

Vaccine platform

# of 
doses 

received

S protein (AUC) RBD (AUC) Neutralization titer (reciprocal  dilution)Time between (days)

IGHV IGHD IGHJ CDRH3 IGLV IGLJ CDRL3
IGHV1-58*01 IGHD2-15*01 IGHJ3*02 AAPYCSGGSCYDAFDI IGKV3-20*01 IGKJ1*01 QQYGSSPWT
IGHV1-58*01 IGHD2-15*01 IGHJ3*02 ................ IGKV3-20*01 IGKJ1*01 .........
IGHV1-58*01 IGHD2-15*01 IGHJ3*02 ................ IGKV3-20*01 IGKJ1*01 .........

C004 IGHV1-58*01 IGHD2-15*01 IGHJ3*02 ......N.V.H.G... IGKV3-20*01 IGKJ1*01 ...DR....
MOD3 IGHV1-58*01 IGHD2-8*01 IGHJ3*02 ........T...G.N. IGKV3-20*01 IGKJ1*01 .........

IGHV4-31*03 IGHD4-23*01 IGHJ4*02 ARDYGGNSNYFGY IGKV1-33*01 IGKJ4*01 QQYNNLPLT
IGHV4-31*03 IGHD4-23*01 IGHJ4*02 .......A...D. IGKV1-33*01 IGKJ4*01 ...GY....
IGHV4-31*03 IGHD4-23*01 IGHJ4*02 ............. IGKV1-33*01 IGKJ4*01 ...D.....
IGHV4-31*03 IGHD4-23*01 IGHJ4*02 ...F.......D. IGKV1-33*01 IGKJ4*01 ...D.....

MOD8 IGHV4-31*03 IGHD4-23*01 IGHJ4*02 ...F.......A. IGKV1-33*01 IGKJ4*01 ...D.....

MOD11

SI Table 3. CDR3 alignment of highly identical clonal sequences

Heavy chain Light chain

MOD8

PFZ10
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 681 

Supplementary Table 6: Cryo-EM data collection and processing statistics 682 

 683 

  684 

  685 

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

IC50 
[ng/ml]

IC90 
[ng/ml]

C601 2.0 9.2 1.4 6.3 1.9 11.5 1.4 6.4 1.8 8.5 2.2 10.2 1.2 7.9 1.8 11.9 1.9 8.3 112.2 630.3 2.6 13.5 4.9 13.8 2.5 8.5
C602 13.5 170.2 10.3 142.3 7.8 75.8 4.8 37.0 15.8 224.3 16.3 185.2 13.1 210.4 11.2 111.9 13.5 116.3 >1000 >1000 57.6 >1000 82.4 684.6 9.9 70.6
C603 14.3 129.9 6.7 89.5 208.7 >1000 4.9 38.8 11.8 170.2 13.2 115.1 11.7 163.0 19.1 208.3 11.3 112.5 >1000 >1000 7.1 78.5 56.1 292.9 10.8 130.7
C613 20.4 127.1 16.4 93.8 12.4 97.7 273.1 >1000 45.3 224.7 22.3 119.4 46.7 311.3 >1000 >1000 32.9 261.2 30.0 105.7 236.3 >1000 >1000 >1000 13.3 105.0
C614 5.0 20.2 3.7 16.9 4.1 26.7 >1000 >1000 3.9 20.7 5.7 23.1 4.7 34.6 31.7 215.3 4.4 20.2 9.4 26.6 6.6 41.5 16.1 37.1 4.2 17.6
C627 4.8 39.3 2.5 21.8 3.7 43.6 6.6 104.1 3.4 25.7 4.5 35.6 4.2 46.7 3.9 43.6 2.7 16.3 >1000 >1000 >1000 >1000 18.3 75.2 4.2 22.5
C628 18.8 169.9 11.6 144.3 8.6 95.3 5.2 63.4 257.3 >1000 29.8 216.2 36.5 570.6 16.1 120.1 17.9 147.2 >1000 >1000 146.8 >1000 >1000 >1000 13.6 98.4
C643 1.5 9.9 0.9 3.6 1.4 10.5 1.5 6.6 1.8 12.6 2.0 10.4 0.7 5.2 1.6 9.9 1.8 7.2 >1000 >1000 1.3 10.9 6.3 14.5 2.5 10.6
C653 9.7 45.7 7.4 42.4 6.6 47.5 >1000 >1000 7.7 36.0 9.3 43.0 18.7 109.8 20.0 126.2 10.0 41.1 >1000 >1000 168.3 875.2 34.3 100.7 8.4 39.9
C660 5.8 35.4 4.4 25.8 5.1 46.1 412.7 >1000 8.7 40.6 7.8 31.4 5.2 38.2 7.5 39.0 5.0 28.8 10.7 27.1 8.2 47.7 16.7 44.4 5.2 24.5
C663 11.5 103.7 8.5 90.6 7.6 91.7 79.6 >1000 18.9 222.4 14.4 91.7 14.4 158.5 382.1 >1000 16.5 154.1 31.7 143.3 60.2 922.1 >1000 >1000 11.5 117.8
C666 3.7 19.2 2.3 11.7 3.6 20.6 2.1 10.5 3.0 14.7 4.0 19.5 2.8 17.0 6.7 72.9 3.4 13.2 239.8 901.3 4.2 32.8 10.0 29.7 3.7 13.6
C669 15.5 183.0 17.5 164.1 9.4 169.1 12.0 96.1 >1000 >1000 >1000 >1000 20.4 154.0 13.3 172.5 13.5 146.3 24.1 258.5 13.1 177.3 141.0 469.8 16.7 84.6
C670 13.8 168.9 12.1 125.2 10.1 148.8 7.6 73.7 >1000 >1000 15.9 87.7 16.6 219.6 12.4 129.6 10.8 156.0 50.4 246.3 15.4 296.2 >1000 >1000 13.2 85.1
C671 5.4 37.8 3.1 22.7 5.9 47.1 4.5 29.2 4.8 33.1 6.9 35.3 5.6 38.8 5.9 42.3 4.7 34.5 >1000 >1000 282.8 >1000 27.7 84.4 5.1 24.3
C675 19.5 111.6 12.3 92.9 15.0 129.3 11.3 76.8 17.2 78.9 22.7 105.5 18.1 140.4 38.3 225.3 15.0 91.5 23.9 78.1 13.7 110.8 71.3 190.9 13.3 82.3
C682 45.3 196.0 29.4 191.9 25.9 199.6 >1000 >1000 23.3 132.0 43.2 215.0 12.4 85.3 >1000 >1000 62.3 367.1 110.4 478.6 214.3 >1000 383.2 >1000 28.0 232.8

SI Table 5. Neutralization activity of mAbs against mutant SARS-CoV-2 pseudoviruses

D614GY453F A475V S477R R683G/E484K Q493R N501YN440Kwt R683G R346S K417N N439K

C601 Fab
SARS-CoV-2 S 6P

C603 Fab
SARS-CoV-2 S 6P

C643 Fab
SARS-CoV-2 S 6P

C663 Fab
SARS-CoV-2 S 6P

C666 Fab
SARS-CoV-2 S 6P

C669 Fab
SARS-CoV-2 S 6P

C670 Fab
SARS-CoV-2 S 6P

xxxx xxxx xxxx xxxx xxxx xxxx xxxx

Data collection conditions
Microscope Talos Arctica Talos Artica Talos Artica Talos Artica Talos Arctica Talos Artica Talos Artica

Gatan K3 Summit Gatan K3 Summit Gatan K3 Summit Gatan K3 Summit Gatan K3 Summit Gatan K3 Summit Gatan K3 Summit
Magnification 45,000x 45,000x 45,000x 45,000x 45,000x 45,000x 45,000x
Voltage (kV) 200 200 200 200 200 200 200
Recording mode counting counting counting counting counting counting counting
Dose rate (e-/pixel/s) 13.5 13.5 13.8 13.3 13.5 13.8 13.3
Electron dose (e-/Å2) 60 60 60 60 60 60 60
Defocus range (µm) 0.7 – 2.0 0.7 – 2.0 0.7 – 2.0 0.7 – 2.0 0.7 – 2.0 0.7 – 2.0 0.7 – 2.0
Pixel size (Å) 0.8689 0.8689 0.8689 0.8689 0.8689 0.8689 0.8689
Micrographs collected 846 1,053 1,849 1,200 2,059 1,961 1,863
Micrographs used 796 1,053 1,487 1,005 1,975 1,720 1,863
Total extracted particles 187,627 490,663 340,563 268,485 256,500 265,364 596,506
Refined particles 101,271 57,573 117,987 108,407 127,936 129,917 140,171
Particles in final refinement 37,665 57,573 54,392 48,088 42,582 54,129 140,171
Symmetry imposed C1 C1 C1 C1 C1 C1 C1
FSC=0.143 Resolution (Å) 6.5 6.4 5.0 8.3 5.1 4.9 6.9

EMD

Camera

Table S6. Cryo-EM data collection and processing statistics
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