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Extended Data Figure 1. Isotype-specific enzyme-linked immunosorbent assay (ELISA) on serum. A. OVA-
specific ELISA was performed using IgG, IgA, IgM, and IgK detection antibodies. Serum was incubated with
1:5 serial dilutions of pre-diluted (1:100) serum. Unimmunized (naive) serum served as control. B. OVA-
specific ELISA on serum using 1:20 dilution. Supernatant from an 1gG2c-expressing OVA-specific hybridoma

cell line was used as a control.
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Extended Data Figure 2. Single-cell sequencing statistics. a. Total number of paired sequencing reads per
mouse (black, left axis) and mean paired sequencing reads per cell (grey, right axis) for all mice. b. Number
of all sequenced cells per mouse (black) and number of cells with one productive, full-length heavy- and light-
chain pair (grey). c. Number of sequenced productive cells (black) and clones (grey) with isotype resolution
for each mouse. Clonotype definition is based on unique CDRH3-CDRL3 amino acid combination.
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Extended Data Figure 3. Rarefaction and sampling estimates of profiled repertoire. a. Investigation of
how under sampling the number of cells influences various species diversity metrics (species richness,
Shannon diversity, Simpson diversity) for each immunized repertoire (s1-s5, indicated by color). Species
richness refers to the number of unique clones. Dotted line indicates extrapolated diversity when sampling to
50,000 cells whereas solid line indicates sampled diversity. b. Recon estimates of the number of missing
clones from each individual repertoire (s1-s5). Clone size refers to the number of cells within each clone.
Recon suggests that sampled repertoire and predicted repertoire converge for clone sizes above
approximately clone size = 2.
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Extended Data Figure 4. Clonal frequency distributions for all clones within each repertoire. Each bar
indicates the number clones supported by a particular number of unique cell barcodes.
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Extended Data Figure 5. Clonal expansion profiles for the 50 most expanded clones per mouse. a.
Clonal expansion profiles based on isotype majority. Isotypes are indicated in grey (IgM), green (IgG) and red
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(IgA) respectively. Pie-chart inlet indicates the numbers of isotype clones among the top 50 clones shown. b.
Clonal expansion profiles indicating all clonal amino acid sequence variants per clone and their respective
isotype assignment. Separate clonal sequence variants are shown in stacked bar plots ordered by their
respective size from bottom to top. Whenever a smaller sized bar of different isotype origin intersects two
bigger bars, this indicates that these cells belong to the clonal variant below. Coloring scheme according to a
with unassigned isotype cells shown in white.
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Extended Data Figure 6. Intraclonal amino acid sequence variants for the 30 most expanded clones
per isotype. a. Total number of intraclonal amino acid sequence variants per individual clone per isotype for
all mice. b. Mean number of intraclonal amino acid sequence variants per isotype for all mice.



A

ID ClonerankigM #cells Vy CDRH3 Vo CDRL3 nt dist. (aa-changes)
IgM-1 1, public (2 mice) 607 IGHV3-1 CATMITTWFAYW IGKV3-2 CQQSKEVPWTF 0
IgM-2 2, public (5 mice) 345 IGHV11-2 CMRYGNYWYFDVW IGKV14-126 CLQHGESPFTF 0
IgM-3 3 111 IGHV12-3 CAGDRWGYWYFDVW IGKV4-91 CQQGSSIPYTF 0
IgM-4 4 85  IGHVY1-64 CANWDYW IGKV5-48 CQQSNSWWTF 1(0)
IgM-5 5, public (5 mice) 58 IGHV7-1 CARDNWDWYFDVW IGKV15-103 CQQGQSYPLTF 0
IgM-6 27-33, public (5 mice) 21 IGHV7-1  CARDDYDWYFDVW  IGKV15-103 CQQGQSYPLTF 0
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Extended Data Figure 7. Profiling of expanded IgM clones of MS-1. a. Characteristics of chosen clones.
b. Heatmap indicating the number of cells per mouse with identical clonal CDRH3-CDRL3 amino acid
sequence per chosen clone. Clone ID follows a. c. Sandwich ELISA results of 3-fold serially diluted stable
hybridoma cell culture supernatant of engineered cell lines expressing selected clones as IgGs. Plots on the
left indicate 1gG expression levels and plots on the right show binding to OVA. For each sample, two technical
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replicates were analysed and a four-parameter logistical curve was fitted to the data by nonlinear regression.
Data are presented as the mean and error bars indicate standard deviation. Supernatant of a hybridoma cell
line that does not express antibody served as negative control (NC, black) for the expression ELISA (left) and
supernatant of an OVA specific inhouse cell line was used as positive control (PC, orange) for the antigen
ELISA (right). d. Sandwich ELISA results of 3-fold serially diluted transient HEK-293 cell culture supernatant
of cells expressing selected clones as IgM following c. Supernatant of IgM reformatted RSVF specific inhouse
antibody served as negative control (NC, black) and supernatant of IgM reformatted positive clone from c
served as positive control (PC, orange). e. Sandwich ELISA results on transient HEK-293 cell culture
supernatant of cells expressing selected clones as IgM for binding to MPLA adjuvant.
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A

ID Clone rank IgA #cells Vy CDRH3 \'/% CDRL3 nt dist. (aa-changes)
lgA-7 1 29 IGHV1-22 CVRRGPSDTYYFDYW IGKV5-43 CQQSNSWPLTF 24nt (18)
IgA-8 23 26 IGHV1-563 CARSLYDYDGAYW IGKV10-94 CQQYSKLPRTF 8nt (1)
IgA-9 23 26 IGHV3-1 CARSGTTPDYW IGKVE-15 CQQYNSYPLTF 22nt (8)
IgA-10 5 23 IGHV7-3 CPREYFGSFAYW IGKV15-103 CQQGQSYPWTF 12nt (9)
IgA-11 7 21 IGHV3-1 CARGGNYPSYFDYW  IGKV4-61 CQQYHSYPPTF 22nt (15)
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Extended Data Figure 8. Profiling of expanded IgA clones of MS-1. a. Characteristics of chosen clones.
b. Sandwich ELISA results of 3-fold serially diluted stable hybridoma cell culture supernatant of engineered
cell lines expressing selected clones as 1gGs. Plot on the left indicates IgG expression levels and plot on the
right shows binding to OVA. For each sample, two technical replicates were analysed and a four-parameter
logistical curve was fitted to the data by nonlinear regression. Data are presented as the mean and error bars
indicate standard deviation. Supernatant of a hybridoma cell line that does not express antibody served as
negative control (NC, black) for the expression ELISA (left) and supernatant of an OVA specific inhouse cell
line was used as positive control (PC, orange) for the antigen ELISA (right).
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B ID Mouse IgG clone rank in mouse Binder #cells Vy CDRH3 ' CDRL3 nt dist. (aa-changes)
3.1 3 1 21 IGHV1-18 CTRSGYGSFAYW IGKV4-61  CQQYHSYPPTF 23 nt (15)
3.2 3 2-3 14 IGHV1-5 CTRSDDYYYFDYW IGKV14-111 CLQYDEFPYTF 12 nt (9)
33 3 2-3 14 IGHV1-5 CTRSDDYYYFDYW IGKV4-70 CHQRSNYPLTF 13 nt (11)
34 3 4 13  IGHV8-12 CARTRWEKYYAMDYW  IGKV19-93 CLQYDNLYTF 9nt(7)
35 3 5 + 12  IGHV1-18 CVRSGYGSFAYW IGKV4-61 CQQYHSYPPTF 15 nt (7)
41 4 1 45 IGHV1-76 CARAIYNDTTGAFEYW  IGKV3-7 CHHSWEIPYTF 35nt (13)
4.2 4 2 43  IGHV1-19 CARYYRGKGAMDYW IGKV3-2 CQQSKEVPYTF 14 nt (8)
4.3 4 3 30 IGHV1-54 CARSDSSGDYW IGKV4-55 CQQWSSYPFTF 12 nt (5)
45 4 5-6 19 IGHV5-6 CSRRGLVDGVYPMDYW IGKV6E-23 CQQYRTYPTF 21 nt (1)
4.6 4 5-6 19 IGHV8-12 CVRRLWSLDYAMDNW  IGKV10-96 CQQGNTLPYTF 16 nt (9)
4.8 4 8 + 18 IGHV1-53 CTRDFYYDYGGDAYW  IGKV4-57 CHQRSIYPRTF 21 nt (1)
4.1 4 1 14 IGHV1-64 CTRTGGTWGAMDYW IGKV8-24 CQQHYSTPFTF 15 nt (6)
413 4 13 13  IGHV1-5 CIRSGYGSFAYW IGKV4-50 CQQFTSFPYTF 16 nt(11)
414 4 14 12 IGHV1-19 CAITRLDYW IGKV4-80 CHQWSSYPFTF 14 nt (4)

C D )

Low expanded clones ID # cells Binder IgG clone rank Total clone rank
n=15 Mi_lowi 5 + 68-96 280-390
_ (357 Mi_low2 4 97-137 391-533
g Mi_low3 4 97-137 391-539
2204 Mi_lowd 3 + 138-189 540-741
‘;: M1_lows 2 - 190-248 742-1007
2 . M1_low6 1 249-404 1008-1657
£154 Binder Milow? 1 - 249-404 1008-1657
2 @ No binder M1_low8 1 + 240-404 1008-1657
< 1.0 M1_low9 1 - 249-404 1008-1657
o Mi_lowi0 1 - 249-404 1008-1657
T 0.5 M1_lowil 1 + 249-404 1008-1657
a Mi_lowi2 1 - 249-404 1008-1657
%: U-E‘———::—- M1_lowi13 1 + 249-404 1008-1657
0.0 —=5= M1_low14 1 - 249-404 1008-1657
Mouse 1 M1 _lowi5 1 249-404 1008-1657

Extended Data Figure 9. Profiling of top and low expanded IgG clones per mouse. a. ELISA profiling
results of all top expanded clones tested per mouse. Clones were denoted binders if ELISA signal was >0.2
(3-fold above background; red dotted line). Binders are shown in orange, whereas clones that did not bind
OVA or could not be expressed are shown in green and grey respectively. b. Overview of tested top expanded
clones of MS-3 and -4. + denotes ELISA signal >0.2. c. ELISA profiling results of all low expanded MS-1 clones
tested. d. Table indicating binding of low expanded clones as well as number of cells and corresponding 1gG
and total clone ranks within MS-1 repertoire.
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Extended Data Figure 10. Profiling of antibodies with known specificity against OVA. ELISA profiling
results of ten antibodies with known specificity to human TNFR2 compared to ten antibodies determined as
OVA-specific.
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Extended Data Figure 11. Correlation between apparent dissociation constant (Kp”PP) and nucleotide
distance to germline of clones shown in Fig. 2a, b.
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Extended Data Figure 12. 1gG similarity network. Global IgG similarity network plot for all IgG clones across
all mice. Edges represent sequence nodes separated by edit distance of less than four a.a. Only those nodes
with at least one edge are plotted for visualization purposes. Clones from different mice are indicated in
different colors respectively. Extent of clonal expansion per clone is reflected by the size of the nodes.
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Extended Data Figure 13. Selected metrics for binder- and non-binder pools of clones. a. Left: nucleotide
distance to germline for heavy- and light-chain only as well as across heavy- and light-chain combined. Top:
ns, not significant (P=0.70); middle: *P=0.02; bottom: ns, not significant (P=0.64); unpaired Student’s t-test.
Right: amino acid distance to germline for heavy- and light-chain only as well as across heavy- and light-chain
combined. Top: ns, not significant (P=0.77); middle: ns, not significant (P=0.11); bottom: ns, not significant
(P=0.69); unpaired Student’s t-test. Analysis encompassed 174 experimentally verified sequences (79 binder
and 95 non-binder) provided in Extended Data Table 1 and 2 respectively. b. Number of intraclonal amino
acid sequence variants. *P=0.02, unpaired Student’s t-test. Analysis contained all sequences provided in
Extended Data Table 1 and 2 except for singlet clones (76 binder and 87 non-binder). c. CDR3 amino acid
length for CDRH3 and CDRL3 as well as CDRH3/L3 combined. Top: ns, not significant (P=0.44); middle: ns,
not significant (P=0.49); bottom: ns, not significant (P=0.49); unpaired Student’s t-test. Analysis encompassed
experimentally verified sequences (79 binder and 95 non-binder) provided in Extended Data Table 1 and 2.
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Extended Data Figure 14. ELISA screening of multi-isotype clones shown in Fig. 2g. Sandwich ELISA
results of 3-fold serially diluted stable hybridoma cell culture supernatant of engineered cell lines expressing
selected clones as IgGs. Plots on the left indicate IgG expression levels and plot on the right shows binding to
OVA. For each sample, two technical replicates were analysed and a four-parameter logistical curve was fitted
to the data by nonlinear regression. Data are presented as the mean (n = 2 measurements) and error bars
indicate standard deviation. Supernatant of a HEL specific hybridoma cell line served as negative control (NC,
black) and supernatant of an OVA specific inhouse cell line was used as positive control (PC, orange).
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CDRH3/L3

Mouse

avi translation
dV translation
clX translation
diV translation

ID. #cells Kp*re [nM] nt dist. (aa) VH/VL
Germline nd. 0nt (0) IGHV1-18/1GKV4-63
alX 1 3166939 8nt(6) IGHV1-18/IGKV4-63
alll 4 89+1.0 20nt(10) IGHV1-18/1GKV4-61
bX 3 40+1.2 11 nt (6) IGHV1-18/1GKV4-61
bvill 10 43.7 £0.6 16nt(11) IGHV1-18/1GKV4-63
bVIl 4 11.1£0.2 16 nt (11)  IGHV1-18/1GKV4-63
cVil 5 274 2.0 18 nt(12) IGHV1-18/IGKV4-63
dil 5 11.3£1.1 20 nt(15) IGHV1-18/IGKV4-63
aVll 7 332+38 18 nt (14) IGHV1-18/GKV4-63
clX 1 233+1.0 15nt(11) IGHV1-18/1GKV4-63
bll 3 12413 19nt(11)  IGHV1-18/1GKV4-63
all 13 45+14 18nt(12) IGHV1-18/IGKV4-63
avil 7 6.3+08 26 nt (15) IGHV1-181GKV4-63
dill 1 52+3.0 22nt(14) I1GHV1-18/IGKV4-63
bIX 25 7.7+04 21 nt(14) IGHV1-18/1GKV4-63
clV 4511 £ 364 24nt(19) IGHV1-18/1GKV4-63
al 7 65+0.7 20nt(15) IGHV1-18/IGKV4-63
avill 14 1.1+0.7 23nt(16) IGHV1-18/1GKV4-63
EV 1 79+18 24 nt(17) IGHV1-181GKV4-63
div 1 64+09 19 nt (15) IGHV1-18/IGKV4-63
blll 9 79+£22 22nt(16) IGHV1-18/1GKV4-63
cvill 10 7803 22nt(15) IGHV1-181GKV4-63
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Extended Data Figure 15. Characteristics of tested intraclonal sequence variants shown in Fig. 3b. a.
Characteristics of tested variants. Differences in VL gene usage and CDR3 amino acid sequence as well as
sequences coming from different mice are indicated in red. b. Heavy (top) and light-chain (bottom) amino acid
sequence alignment of clones with shared V/J genes. Sequence disagreements to germline are highlighted.
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Extended Data Figure 16. Correlation between apparent dissociation constant (Ko**?) and nucleotide distance

to germline. Error bars indicate standard deviation (n = 3-5 measurements of Kp).
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A

D Mouse #cells Vy CDRH3 Vo CDRL3 nt dist. (aa-changes) Kp#er [nM]

Germline IGHV9-1 CAREASYWYFDVW IGKV3-12 CQHSRELRTF 0nt (0)

cVi 5 3 IGHV9-1 CAREASYWYFDVW IGKV3-12 CQHSRELRTF 15nt (10) n.d.

dl 5 2 IGHV9-1 CAREASYWYFDVW IGKV3-12 CQHSRELRTF 21 nt(14) nd.

cX 2 3 IGHV9-1 CARTESYWYFDVW IGKV3-12 CQHRRELWTF 25nt (16) 77+38

alv 4 2 IGHV9-1 CARVSTYWYFDVW IGKV3-12 CQHSRDLWTF 41 nt (20) 3402

dX 4 2 IGHV9-1 CARVSTYWYFDVW IGKV3-12 CQHSRDLWTF 46 nt (22) 38+1.0

dv 4 2 IGHV9-1 CARVSTYWYFDVW IGKV3-12 CQHSRDLWTF 29 nt (19) 26.0+4.9

cl 5 5 IGHV9-1 CARLQSYWYFDVW IGKV3-12 CQHSRELRTF 21 nt (11) 11.9+03

aX 5 8 IGHVS-1 CARLQSYWYFDVW IGKV3-12 CQHSRELRTF 21 nt(11) 144 £15

bvi 5 5 IGHV9-1 CARLOQSYWYFDVW IGKV3-12 CQHSRELRTF 25nt (14) 10316
B

1 » » © 9 @ » ® » 1% 1o s

| Fameworkregonl | (CORHI [ Frameworkregon2 | CORH2 . Frameworkregon3 . CORH3 - jgene -
GL QUIIQEBVQSGPEBEKKPGETVKESCKASGYTFTTYGMSWVKQAP GKGEKWMGWENTYSGVP TYADDFKGRFAF SHETSAS TAYBQINNEKNEDTATY F CARBAS YWY FDVWGAGTTVTVSS

Extended Data Figure 17. Characteristics of tested clones shown in Fig. 3e-g. a. Characteristics of tested
clones. Differences in CDR3 amino acid sequence are indicated in red. b. Heavy (top) and light-chain (bottom)
amino acid sequence alignment of tested clones. Sequence disagreements to germline are highlighted.
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ID Mouse #cells Vy CDRH3 Vi CDRL3 nt dist. (aa-changes) KpAee [nM]
19 5 1 IGHV1-15 CARGGYGSFAYW IGKV4-57-1 COQFTSSPFTF 22 nt (14)
20 1 3 IGHVi-82 CARSGYGTGFAYW IGKV4-55 CQQWNSYPWTF 19 nt (8} nd.
21 4 3 IGHV5-12 CARHGYGALAYW IGKV4-50 CQQFTSLPFTF 14t (7) 89106
22 4 10 IGHV1-53 CTRGGYGGFAYW IGKV4-81  CQQYHSYPWTF 29 nt (14) 1.7+13
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M 1GHV1-4/1GKV4-50
[ ] IGHV1-4/1IGKV4-59

[ 1IGHV1-15/1GKVE-32
I 1GHV1-18/IGKV3-2

[]16HV1-39/1GKV4-50
I IGHV1-42/1GKV4-50

[ IGHV1-55/IGKV4-61
I 1GHV1-61/IGKV4-50

Il Not tested B GHv1-51GKva-50 [l 1IGHV1-181GKV4-50 || 1GHV1-52/1GKV4-50 [l IGHV1-64/1GKV4-61
[ Binder ] IGHV1-9IGKV4-50  [] IGHV1-18/1GKV4-55 [l IGHV1-53/IGKV4-50  [] IGHV1-80/IGKV4-50
I No binder

I Chosen clones

] IGHV1-9/1GKV4-55
[ IGHV1-9/IGKV4-61
[ 1GHV1-9/1GKVE-13

I |GHV1-18/IGKV4-61
[ IGHV1-18/1GKV4-55
I IGHV1-26/IGKV4-55

I 1GHv1-1501GKV4-57-1 Il IGHV1-34/1GKV4-50

[ ]1GHV1-531GKV4-61
I IGHV1-54/1GKV4-50
I IGHV1-54/1GKV4-61

I 1GHV1-80/IGKV4-55
[ 1GHV1-821GKV4-55
[ 16HV1-84/1GKV4-50

I iGHv1-541GKV10-04 Il IGHV5-12/1GKV4-50

Extended Data Figure 18. Characteristics of tested clones shown in Fig. 3h-j. a. Characteristics of tested
clones. b. Subnetwork plot of connected 1gG clones from all mice shown in Extended Data Fig. 9. Edges
represent clones separated by edit distance of three or less based on the concatenated CDR3 aa sequence.
Binders, non-binders, not tested clones as well as newly chosen clones are shown in orange, green, black and
red respectively. Indicated clone ID according to Extended Data Table 1 and 2. c. Identical network plot as in

b. Color code indicates differential Vu-VL gene usage as indicated.
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1.7 Neg.ctrl, Neg.ctrl,
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B ID Mouse Bin Clone rank in mouse # cells "M Ju CDRH3 ' Ju CDRL3 nt dist. (aa-changes) Kp*#r [nM]
1.1 1 1 1 227 IGHV1-18 IGHJ3 CARGGYGNPFAYW IGKV4-63 IGKJ5 CFQGSGYPLTF 20 nt (13) 32+08
1.15 1 1 14-15 16 IGHV1-61 IGHJ3 CARGGYGSFAYW IGKV4-50 IGKJ2 CQQFTSFPSTF 33nt(17) 73+1.0
1.27 1 1 25-28 1 IGHV1-18 IGHJ3 CARGGYGNPFAYW IGKV4-61 IGKJ5 CQQYHSYPLTF 12 nt (5) 115.2 £ 15.1
1.29 1 1 29-36 10 IGHV1-4 IGHJ3 CGRAGYDSFAYW IGKV14-111 IGKJ4  CLQYHEFPFTF 16 nt (8) 9.6+ 5.0
28 2 1 8 20 IGHV1-26 IGHJ3 CARSGYASFAYW IGKV4-63 IGKJ4 CFQGSGYPFTF 29nt (17) 17.0 £ 3.4
233 2 1 33-39 8 IGHV1-18 IGHJ3 CARGGYGVPFAYW IGKV4-83 IGKJ2 CFQGSGYPLTF 11 nt (5) 379+64
53 5 1 3 29 IGHV1-4 IGHJ3 CARGGYGSLAYW IGKV4-50 IGKJ2 CQQFTSSPYTF 16 nt (8) 12723
57 5 1 7 20 IGHV1-4 IGHJ2 CTRSAFGFDYYW IGKV4-61 IGKJ5 CQQYHSYPLTF 18 nt (11) 11.0+£1.9
513 5 1 13-14 14 IGHV1-9  IGHJ3 CARSGYGSFAFW IGKV4-55 IGKJ2 CQQWSSYPPTF 19 nt (11) 397 7.7
5.15 5 1 15-16 13 IGHV1-18 IGHJ3 CARSGYGSSFAYW IGKV4-61 IGKJ1  CQQYHSYPPTF 14 nt (5) 12623
1.20 1 2 18-24 12 IGHV7-3  IGHJ2 CARDIPGTVYW IGKV4-57 IGKJ5 CQQRSTYPLTF 7 nt (5) 14126
23 2 2 3 30 IGHV2-6-8 IGHJ4 CARDYGGNNYAMDYW  IGKV4-57 IGKJ4 CQQRSSYPFTF 8nt(7) 80.3 +15.1
24 2 2 4 28 IGHV1-4 IGHJ3 CTNHGSSHGWFGYW IGKV14-111 IGKJ5 CLQYDEFPLTF 11 nt (6) 36.7+1.2
26 2 2 6 25 IGHV2-6-8 IGHJ4 CARDYGSNNYAMDFW IGKV4-57 IGKJ4 CQQRSSYPFTF 9nt(5) 14.1 £18.5
215 2 2 14-16 14 IGHV2-6-8 IGHJ4 CARDYGGNNYAMDYW IGKV4-57 IGKJ4 CQQRSRYPFTF 12 nt (8) 12347
2.24 2 2 22-25 1" IGHV1-4 IGHJ3 CTSHGSMFGWFSYW IGKV14-111 IGKJ5 CLQYDEFPLTF 17 nt (8) 17.8 £3.1
227 2 2 26-28 10 IGHV1-66 IGHJ3 CASTTATSSWFAYW IGKV14-111 IGKJ2 CLQYDEFPYTF 16 nt (11) 18.4 £ 3.0
1.5 1 3 4-5 33 IGHV1-55 IGHJ4 CTRYSRYGGAMDYW IGKV14-111 IGKJ5 CLQYDEFPFTF 16 nt (7) 164.9 + 27.3
1.7 1 3 7 27 IGHV1-5 IGHJ3 CTRSEDYYWFAYW IGKV14-111 IGKJ2 CLQYDDFPYTF 20 nt (12) 8517
117 1 3 17 13 IGHV1-55 IGHJ4 CTRYSRYGGAMDYW IGKV14-111 IGKJ5 CLQYGDFPLTF 26 nt (17) 52+1.9
222 2 3 22-25 1 IGHV1-5 IGHJ2 CVRSEDYYYFDYW IGKV14-111 IGKJ2 CLQYDEFPYTF 15 nt (9) 52+3.0
5.4 5 3 4 28 IGHV1-66 IGHJ2 CARRVLYYFDYW IGKV6-32 IGKJ2 CQQDYRYPYTF 7nt(7) 88+2.0
1.12 1 n.d. 11-13 17 IGHV5-6 IGHJ3 CARDRYYGFSEWFAHW IGKV4-53 IGKJ5 CQQWSSYPLTF 20 nt (12) 278+71
5.1 5 n.d. 1 a1 IGHV1-63 IGHJ2 CARKNYYGNTYFDYW IGKV1-117 IGKJ1 CFQGSHVPWTF 30 nt (16) 18.7 3.7

C
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Extended Data Figure 19. Cross-competition epitope binning between clones from different mice. a.
Heatmaps show competitive antigen binding between top expanded, bin specific (according to Fig. 4b) clones
from different mice. Antibodies indicated on the left were captured and probe antibodies on top were used to
determine cross-competition for epitope access. Red indicates no binding of the probe antibody as a
consequence of epitope blocking by the capture antibody, whereas green denotes binding of the competitor
antibody. Groups of antibodies that target the same epitope (epitope bins) are highlighted in white squares.
Brackets indicate clonal variants that share the same Vu/VL as well as CDR3 length and only differ in their
CDR3 amino acid sequence. An anti-RSVF capture antibody, which does not bind the antigen was used as
negative control for all experiments. Clone ID according to Extended Data Table 1. b. Characteristics of bin-
specific clones. ¢ Apparent dissociation constant (Kp”*P) for binders separated by epitope bin.
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Extended Data Figure 20. Establishment of a bacterial peptide display workflow for linear epitope
mapping. a. Quality control of the unselected cloned OVA epitope library by NGS. All 372 peptide 15-mer
windows (one amino acid offset) were observed (left) at comparable frequencies (right). Mean window
occurrence for the respective NGS run is indicated in red. b. Flow cytometry dot plots show that secondary
FACS antibody does not lead to unspecific enrichment after two rounds of enrichment. Unstained denotes no
primary antibody. Positive and negative control primary mAb used were OVA specific mAb Clone 2322
(Chondrex, 7094) and an inhouse RSVF specific mouse IgG. c. Assay establishment with two OVA specific
antibodies with known epitope specificity. Top: FACS dot plots show FACS enrichment of cells binding to
commercial antibodies Clone 2322 (Chondrex, 7094) (left) and Clone 4B4E6 (Chondrex, 7096) (right). Middle:
NGS results after one and two rounds of FACS enrichment. Bottom: experimentally determined epitope identity
compared to epitope information provided by the manufacturer. Epitope overlap is indicated in bold red.
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Extended Data Figure 21. Epitope mapping results of clones with linear epitope specificity as shown
in Fig. 4e. a. Flow cytometry dot plots indicate FACS enrichment of positive clones for each antibody. b. Deep
sequencing results of positive FACS output and epitope assignment for each antibody. Numbers correspond
to the peptide index that was enriched the most. Only peptides with one or more occurrences are shown.
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ID Mouse IgG clone rank in mouse #cells Vy CDRH3 Vi CDRL3 nt dist. (aa-changes)  KpAre [nM]
1.1 1 1 227 IGHV1-18 CARGGYGNPFAYW IGKV4-63 CFQGSGYPLTF 20 nt (13) 3.2:08
1.5 1 4-5 33 IGHV1-565 CTRYSRYGGAMDYW IGKV14-111 CLQYDEFPFTF 16 nt (7} 164.9 +27.3
1.7 1 7 27 IGHV1-5 CTRSEDYYWFAYW IGKV14-111 CLQYDDFPYTF 20nt (12) 8517
1.11 1 11-13 17 IGHV1-74 CVLRLFYAMDYW IGKV6-17 CQQAQFYNTPWTF 27 nt (15) n.d.

1.12 1 11-13 17 IGHV5-6 CARDRYYGFSEWFAHW IGKV4-53 CQQWSSYPLTF 20 nt (12) 278+ 7.1
1.14 1 14-15 16 IGHV1-80 CARSGYGVFAFW IGKWV4-55 CQQWSSYPPTF 21 nt (8) 179.6 £ 2.6
1.15 1 14-15 16 IGHV1-61 CARGGYGSFAYW IGKV4-50 CQQFTSFPSTF 33nt(17) 7.3£1.0
1.17 1 17 13 IGHV1-55 CTRYSRYGGAMDYW IGKV14-111 CLQYGDFPLTF 26 nt (17) 52+1.89
1.20 1 18-24 12 IGHV7-3 CARDIPGTVYW IGKV4-57 CQQRSTYPLTF 7 nt (5) 141 +286
1.26 1 25-28 11 IGHV1-26 CARSGYATAFAYW IGKV4-55 CQQWSSYPLTF 23 nt (15) 1416
1.27 1 25-28 11 IGHV1-18 CARGGYGNPFAYW IGKV4-61 CQQYHSYPLTF 12 nt (5) 115.2 + 156.1
1.28 1 25-28 11 IGHV1-80 CARSGYGAFAYW IGKV4-55 CQQWSSYPPTF 25nt (10) 148.4 £ 34.2
1.29 1 29-36 10 IGHV1-4 CGRAGYDSFAYW IGKV14-111 CLQYHEFPFTF 16 nt (8) 9.6 5.0
1.32 1 29-36 10 IGHV1-4 CARPFDYYGRRGAMDYW IGKV3-10 CQQNNEDPPTF 16 nt (8) n.d.

1.40 1 40-46 8 IGHV1-76 CARSELQNFVMDYW IGKV3-7 CQHSWEIPWTF 36nt (17) 152+23
1.42 1 40-46 8 IGHVB-12 CARRDGITTAWYFDVW IGKV3-5 CQQSNEDPLTF 9 nt (4) n.d.

1.43 1 40-46 8 IGHV1-64 CARNEYDGVFAYW IGKV3-12 CQHSRELPWTF 22nt(12) n.d.

1.48 1 47-52 7 IGHV2-3 CAKEDYYGSSWGLDYW IGKV12-98 CQQLYSTPYTF 2nt(2) n.d.

1.52 1 47-52 7 IGHV3-6 CARGGYYVMDYW IGKV10-94 CQQYSKIPYTF 8nt(5) 712702
1.563 1 53-63 8 IGHV8-3 CTRRGGNYVYYYAMDYW IGKV1-110 CSQSTHVPPTF 2nt (3) 61.8+9.0
1.55 1 53-63 6 IGHV1-64 CARLGVYW IGKV15-103 CQQGQSYPFTF 16 nt (6) 10.0 £ 10.6
M1_low1 1 68-96 5 IGHV8-12 CARADWITTVFDYW IGKVE-23 CQQYSTYPWTF 14 nt (4) n.d.
Mi_lowd 1 138-189 3 IGHV1-38 CARSGYGTFAYW IGKV4-50 CQQFTSSPSTF 25nt (13) n.d.
Mi_low8 1 248-404 1 IGHV5-9-1 CAGDRYDGYYAMDYW IGKV4-57 CQQRSSYPWTF 12nt (11) 183.6 +11.0
M1_low11 1 248-404 1 IGHV7-3 CARDKGDSWFDYW IGKV12-98 CQQLYNTPYTF 19 nt (7} 363.0 £8.0
M1 _low13 1 248-404 1 IGHVS-3 CARSNGNYLFAFW IGKV4-55 CQQWSSYPPITF 6 nt (4) 1675 +3.4
21 2 1 55 IGHV5-6 CARRGGYYGFGYFDYW IGLV1 CALWYSNHLVF 7 nt(4) n.d.

2.3 2 3 30 IGHV2-6-8 CARDYGGNNYAMDYW IGKV4-57 CQQRSSYPFTF 8nt(7) 80.3 £15.1
2.4 2 4 28 IGHV1-4 CTNHGSSHGWFGYW IGKV14-111 CLQYDEFPLTF 11 nt (8) 367 £1.2
2.6 2 6 25 IGHV2-6-8 CARDYGSNNYAMDFW IGKV4-57 CQQRSSYPFTF 9 nt (5) 141 £19.5
2.7 2 7 24 IGHV1-76 CARYGYEEGYFDYW IGKV3-7 CQHSWEIPYTF 29 nt (15) n.d.

2.8 2 8 20 IGHV1-26 CARSGYASFAYW IGKV4-63 CFQGSGYPFTF 29 nt (17) 17.0 £34
2.9 2 9 19 IGHV1-69 CARCLYYYGSSSCAMDYW IGKV5-43 CQQSNSWPLTF 36 nt (15) n.d.

212 2 12-13 15 IGHV1-52 CARGGYW IGKV8-24 CQQHYSTPFTF 14 nt (5) T72+27.9
215 2 14-16 14 IGHV2-6-8 CARDYGGNNYAMDYW IGKV4-57 CQQRSRYPFTF 12 nt (8) 123 £4.7
2.18 2 17-18 13 IGHV1-55 CTRSQRYFYLDVW IGKV14-111 CLQYDEFPYTF 15 nt (8) 180.2 £121.2
2.22 2 22-25 11 IGHV1-5 CVRSEDYYYFDYW IGKV14-111 CLQYDEFPYTF 15 nt (9) 52+3.0
2.24 2 22-25 11 IGHV1-4 CTSHGSMFGWFSYW IGKV14-111 CLQYDEFPLTF 17 nt (8) 17.8 £3.1
2.27 2 26-28 10 IGHV1-66 CASTTATSSWFAYW IGKV14-111 CLQYDEFPYTF 16 nt (11) 184 £3.0
2.33 2 33-39 8 IGHV1-18 CARGGYGVPFAYW IGKV4-63 CFQGSGYPLTF 11 nt (5) 379+64
2.34 2 33-39 8 IGHV6-6 CTRPGRVYQRYFDVW IGKV12-41  CQHFWGTPPTL 17 nt (7} 373 +£10.6
2.39 2 33-39 8 IGHV1-55 CTRSQRYFYFDVW IGKV14-111 CLQYDEFPYTF 11 nt (8) 80.3 £17.0
2.40 2 40-48 7 IGHV1-4 CTSHASMYGWFSYW IGKV14-111 CLQYDEFPLTF 23 nt (14) 9.9+21
241 2 40-48 7 IGHV1-9 CARSGYGSFAYW IGKV4-55 CQQWSSYPPTF 22nt (15) 109 1.9
245 2 40-48 7 IGHV1-34 CAREYEAWFAYW IGKV10-96 CQQGNTLPWTF 1nt(1) n.d.

2.49 2 49-56 6 IGHV1-5 CTRSEDYYYFDYW IGKV14-111 CLQYDEFPYTF 13 nt (11) 74=:15
251 2 49-56 8 IGHV1-5 CTRSEGYYYFDYW IGKV14-111 CQQYDEFPYTF 18 nt (12) 121 £21
2.55 2 49-56 8 IGHV2-6-8 CARDYGSDNYALDFW IGKV4-57 CQQRSSYPFTF 14 nt (7) 3.6+6.0
51 5 1 41 IGHV1-63 CARKNYYGNTYFDYW IGKV1-117 CFQGSHVPWTF 30 nt (16) 18.7 £3.7
5.2 5 2 34 IGHV1-9 CARSGYGTFAFW IGKV4-55 CQQWSSYPPTF 21 nt(12) 451.8 +161.9
5.3 5 3 29 IGHV1-4 CARGGYGSLAYW IGKV4-50 CQQFTSSPYTF 16 nt (8) 127 £23
5.4 5 4 28 IGHV1-66 CARRVLYYFDYW IGKV6-32 CQQDYRYPYTF 7 nt(7) 8.8+20
5.5 5 5-6 24 IGHV1-18 CARTNWDFYYFDYW IGKV14-111 CLQYDEFPWTF 22nt (13) n.d.

5.6 5 5-6 24 IGHV1-18 CARSGYDFFAYW IGKV4-61 CQQCHSFPLTF 29 nt (18) 61.1 £30.5
57 5 7 20 IGHV1-4 CTRSAFGFDYYW IGKV4-61 CQQYHSYPLTF 18 nt (11) 11.0+19
512 5 12 15 IGHVB-12 CVRRPLGISDGYYFTYW IGKVE-23 CQQYSSFPLTF 16 nt (8) n.d.

513 5 13-14 14 IGHV1-9 CARSGYGSFAFW IGKV4-55 CQQWSSYPPTF 19 nt (11) 39.7 £7.7
514 5 13-14 14 IGHV1-63 CARKIYYGSTYFDYW IGKV1-117 CFQGSHVPWTF 18 nt (8) 442 £59
515 5 15-16 13 IGHV1-18 CARSGYGSSFAYW IGKV4-61 CQQYHSYPPTF 14 nt (5) 126 £2.3
5.16 5 15-16 13 IGHVS-3 CARLQSYWYFDVW IGKV3-12 CQHSRELRTF 7 nt(6) 50=+1.3
517 5 17-18 12 IGHVS-3 CAREASYWYFDVW IGKV3-12 CQHSRDLRTF 8 nt (6) 202+20
518 5 17-18 12 IGHV1-4 CTRSAYGYDYYW IGKV4-61 CQQYHSYPLTF 11 nt (4) 11.8+2.0
5.20 5 19-21 11 IGHV1-26 CARSGLGAFAYW IGKV4-55 CQQWSNYPPITF 27 nt (15) 352 +6.2
5.25 5 25-28 9 IGHV5-6 CARDPGLYGKGAYFSYW IGKV3-12 CQHSRELPLTF 8nt(2) 59=+54
5.29 5 29-38 8 IGHV1-22 CAREGLRENYAMDYW IGKVE-23 CQQFTNYPYTF 23 nt (15) n.d.

5.33 5 29-38 8 IGHV2-3 CAKLDYGSSLYYAVDLW IGKV13-85 CQQYWSTPYTF 11 nt (4) 27.7 £4.2
5.37 5 29-38 8 IGHV1-4 CTRSAYGFDYYW IGKV4-61 CQQYYSYPLTF 14 nt (6) 4.6+09
5.38 5 29-38 8 IGHV1-76 CARWGDSSGTGAMDYW IGKV3-7 CQHSWEFPLTY 36 nt (15) 20.0 £3.7
5.41 5 39-48 7 IGHV2-3 CAKFSYGSSYYYAIDYW IGKV12-41  CQHFWRTPYTF 16 nt (11) 34.0+31
5.44 5 39-48 7 IGHV5-8-1 CSRYQGYYGSSPYFDYW IGKV3-12 CQHSRELPFTF 9nt(7) n.d.

5.50 5 49-54 6 IGHV14-1 CTRSGYAAWFPYW IGKV4-74 CHQYHRSPLTF 10 nt (7) n.d.

5.51 5 49-54 6 IGHV5-9-1 CAREGLYGNYAMDYW IGKV13-84 CQQYWSTPLTF 4nt (3) n.d.

31 3 1 21 IGHV1-18 CTRSGYGSFAYW IGKV4-61 CQQYHSYPPTF 23 nt (15) n.d.

3.2 3 2-3 14 IGHV1-5 CTRSDDYYYFDYW IGKV14-111 CLQYDEFPYTF 12 nt (9) n.d.

3.5 3 5 12 IGHV1-18 CVRSGYGSFAYW IGKV4-61 CQQYHSYPPTF 15 nt (7) n.d.

4.1 4 1 45 IGHV1-76 CARAIYNDTTGAFEYW IGKV3-7 CHHSWEIPYTF 35nt (13) n.d.

4.2 4 2 43 IGHV1-19 CARYYRGKGAMDYW IGKV3-2 CQQSKEVPYTF 14 nt (8) n.d.

4.8 4 8 18 IGHV1-53 CTRDFYYDYGGDAYW IGKV4-57 CHQRSIYPRTF 21 nt (11) n.d.

4.11 4 1 14 IGHV1-64 CTRTGGTWGAMDYW IGKV8-24 CQQHYSTPFTF 15 nt (6) n.d.

413 4 13 13 IGHV1-5 CIRSGYGSFAYW IGKV4-50 CQQFTSFPYTF 16 nt (11) n.d.

Extended Data Table 1. Overview and characteristics of OVA binders. Clone ID corresponds to mouse
number followed by clone index number corresponding to Fig. 1g.
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D Mouse IgG clone rank in mouse #cells Vy CDRH3 Vo CDRL3 nt dist. (aa-changes)

16 1 6 31 IGHV5-9-1 CTGDRYDGYYAMDYW IGKV4-57  CQQRSSYPWTF 6 nt (4)

18 1 8 22 IGHV10-1 CVRQGKIYYDYDYFDYW IGKV17-127 CLQSDNMPYTF 4nt(2)

19 1 9-10 18 IGHV9-3 CTRRGGNYVYYYAMDYW IGKV14-111 CLQYDELYTF 4 nt (4)

1.10 1 9-10 18  IGHV9-3 CARSDGNYLFAYW IGKV4-55  CQQWSSYPPITF 4nt (1)

1.13 1 11-13 17 IGHV1-34 CARSLYDGYPHFDYW IGKV4-50 CQQFTSSPFTF 11 nt (8)
1.16 1 16 14 IGHV1-80 CARSGYGTGFAYW IGKV4-55  CQQWNSYPWTF 19 nt (6)
1.18 1 18-24 12 IGHV1-5 CTRSDSNFYYFDYW IGKV14-111 CLQYDEFPYTF 11 nt(7)
1.19 1 18-24 12 IGHV5-6 CARYDNYVRVNAMDYW IGKV4-74  CHQYHRSPYTF 18 nt(7)
1.21 1 18-24 12 IGHV13-2 CSRAFHYDYYYGMDYW IGKVO-124 CLQYASYPWTF 13 nt (9)
1.23 1 18-24 12 IGHV1-80 CARSGYGTGFAYW IGKV4-55 CQQWSSYPWTF 18 nt (6)
1.25 1 25-28 11 IGHV5-8 CARQRGYYGSPYYFDYW IGKVE-15  CQQYNSYPLTF 11 nt (6)
1.30 1 29-36 10 IGHV1-4 CAVRRENYAMEYW IGKV4-79  CHQWSSFPPTF 24 nt (15)
1.31 1 29-36 10 IGHV7-3 CARDIPYAMDYW IGKV1-135 CWQGTHFPRTF 5nt (0)

1.33 1 29.36 10 IGHV1-4 CARGFGGLYFDYW IGKV4-57  CHQRSSYPPTF 28 nt (19)
1.37 1 37-39 8  IGHV1-5 CARTGTHWYFDVW IGKV3-5 CQQSNEDPWTF 19 nt (10)
1.38 1 37-39 9  IGHV14-3 CVRFGAVPRFSYW IGKV1-117 CFQGSHVPYTF 18 nt (9)
1.39 1 37-39 9 IGHV5-6 CAKDIGYYGYGWFAFW IGKV4-61 CQQYHSYPPTF 14 nt (10)
1.4 1 40-46 8  IGHV14-1 CCFFYGYGAWFGYW IGKV6-17  CQQHYTSPRTF 19 nt (11)
1.44 1 40-46 8  IGHV9-3 CARRGGNYVYYYAVDYW IGKV14-111 CLQYDELYTF 8nt(5)

147 1 47-52 7 IGHV5-17 CARQNWDYW IGKV12-44 CQHHYGTPLTF 18 nt (8)
1.49 1 47.52 7 IGHV1-80 CARSGYGVFAYW IGKV4-55 ~ CQQWSSYPPTF 32nt (13)
1.50 1 47-52 7  IGHV1-18 CGRGGYGNPFAYW IGKV4-63  CFQGSGYPLTF 23 nt (16)
1.51 1 47-52 7 IGHVS-3 CARSPTWFAYW IGKV15-103 CQQGQSFPYTF 12 nt (9)
154 1 53-63 6  IGHV1-4 CARKSNNLFPYW IGKV6-20  CGQTYSYPFTF 16 nt (6)
1.56 1 53-63 6  IGHV1-26 CGRSYGYSYAMDYW IGKV16-104 CQQHNEYPYTF 25nt (15)
1.57 1 53-63 6 IGHV5-17 CARSYGSSLDYW IGKV12-41 CQHFWSTPFTF 19 nt (8)
M1_low2 1 97-137 4 IGHV1-4 CARDYDGFAYW IGKV1-110  CQQFTSSPSTF 21 nt(13)
Mi_low3 1 97-137 4 IGHV1-18 CARSGYATAFAYW IGKV4-55  CQQGNTLLMYTF 26 nt (13)
M1_low5s 1 190-248 2 IGHV1-26 CARYGNYYFDYW IGKV10-96 CLQYASSPLTF 19 nt (12)
M1i_low6 1 249-404 1 IGHV1-19 CARRGDSYSQFPYYAMDYW IGKV1-110 CQQRSSYPWTF 9 nt (6)

M1i_low7 1 249-404 1 IGHV1-26 CARSTAIYYGMDYW IGKV9-120 CHQRSSYPSTF 30 nt (15)
Mi_lowd 1 249-404 1 IGHV8-11 CARIEGLLAWFGYW IGKV1-110  CSQSTHVPWTF 22nt (8)
M1_low10 1 249-404 1 IGHV1-82 CARAGYGTGFAYW IGKV4-55 ~ CQQWSTYPWTF 14 nt (8)
M1_low12 1 249-404 1 IGHV1-4 CVRSDGDYYGYVRPWFGYW IGKVB-27  CHQYLSSYTF 29 nt (17)
M1_lowid 1 249-404 1 IGHV5-9-1 CQRLRGYFDVW IGKV1-110  CSQSTHVPYTF 20nt (9)
M1_low15 1 249-404 1 IGHV13-2 CSRSFYYDYYYAMDYW IGKV9-124 CLQYASYPWTF 5nt(2)

22 2 2 32  IGHV2-6-8 CARDYGANNYAMDYW IGKV4-57  CQQRSSYPFTF 14 nt (8)
25 2 5 27 IGHV7-3 CARDMNNGSIYWYLDVW IGKV12-80 CQNVLYSPWTF 16 nt (8)
2.10 2 10 18  IGHV1-26 CARNPYW IGKV1-117  CFQGSHVPLTF 26 nt (8)
2.11 2 1 16 IGHV1-19 CASQLGSWFAYW IGKV14-111 CLQYDEFPYTF 14 nt (5)
2.13 2 1213 15  IGHV1-8 CARSGGFYDPGRGYAMDYW IGKV4-74  CHQYYRSPRTF 32nt (17)
2.14 2 14-16 14 IGHV8-12 CARSYADFDYW IGKV4-80 CHQWSSYPTF 9 nt (4)

2.16 2 14-16 14 IGHV1-55 CTRSLRYWYLDVW IGKV14-111 CLQYDEFPYTF 19 nt (10)
217 2 17-18 13 IGHV9-3 CATPDYFAMDYW IGKV8-21  CKQSYILPWTF 9 nt (6)

219 2 19-21 12 IGHV1-5 CTRSEGYYYFDYW IGKV14-111 CLQYDEFPYTF 19 nt (14)
220 2 19-21 12 IGHV5-8 CTRRDFYGYAMDYW IGKVB-28  CQNDHSYPYTF 13 nt (5)
223 2 2225 11 IGHV6-6 CTRDFWFAYW IGKV1-135 CWQGTHFPQTF 13 nt (11)
226 2 26-28 10 IGHV5-6 CARRGGYYGYGYFDYW 1GLV1 CALWYSNHLVF 11 nt (6)
228 2 26-28 10 IGHV8-8 CARDLYDDDGTAYYFDYW IGKV8-27 CHQYLSSRSF 23 nt (8)
229 2 29-32 8 IGHV14-1 CTPYDYDVSAFAYW IGKV12-44 CQHHHGSPRTF 13 nt (10)
230 2 29-32 9 IGHV1-39 CARWGEIYPYAVDYW IGKV10-96 CQQGNTFPWTF 25nt (13)
231 2 29-32 8  IGHV1-5 CTRCYGNPFYFDYW IGKV4-74  CHQHHRSPFTF 28 nt (16)
232 2 29-32 9 IGHV2-2 CARKGPQLVFDYW IGKV6-23  CQQYSSYPYTF 19 nt (6)
235 2 33-39 8  IGHV1-81 CARLLYGYGYLDYW IGKV14-111  CLQYDEFPWTF 21 nt (12)
236 2 33-39 8  IGHV1-39 CARWGEIYPYAMDYW IGKV10-96 CQQGNTLPWTF 29 nt (17)
237 2 33-39 8  IGHV1-54 CARSDGNEDYW IGKV4-55 CQQWSSYPFAF 13 nt (3)
238 2 33-39 8  IGHV8-11 CARIYYYGSSRHFDYW IGKV3-4 CQQSYEDPTF 18 nt (10)
242 2 40-48 7 IGHV1-4 CARSNDGGFAYW IGKV4-59  CQQWSSNPPTF 9 nt (4)

243 2 40-48 7 IGHV1-61 CARSDDGYWFAYW IGKV3-7 CQHSWEIPPTF 25nt (13)
244 2 40-48 7 IGHV1-22 CARGLPYHGLDNW IGKV4-61  CQQYHSSPFTF 27 nt (20)
250 2 49-56 6  IGHV2-2 CAKSPYYGAMDYW IGKV5-43  CQQSNSWPFTF 12nt (7)
252 2 49-56 6  IGHV1-69 CTRDYHGTSSMDYW IGKV1-110  CSQSTHVPWTF 48 nt (19)
253 2 49-56 6 IGHV2-3 CAKTYYGAMDYW IGKV4-63 CLQGSGYPFTF 22nt (12)
254 2 49-56 6 IGHV1-26 CARGITTVVPYAMDYW IGKV10-96 CQQGNTLPWTF 22nt(12)
58 5 89 17 IGHV1-15 CTREGYFYDVRVWFAYW IGKV2-109 CAQNLELPTF 12 nt (9)
5.9 5 8-9 17 IGHV14-3 CASAATWAYWYFDVW IGKV4-91  CQQGSSIPLTF 3nt(2)

5.10 5 10-11 16 IGHV9-3 CARGDYGNYERVAWHAYW  IGKV10-96 CQQGDTVPFTF 24 nt (14)
5.11 5 10-11 16  IGHV14-3 CARFGNYPYWYFDVW IGKV4-70  CHQRSSYPYTF 10 nt (8)
5.19 5 19-21 11 IGHV4-1 CARPGFRYGYAMDYW IGKVE-25  CQQHYSTPYTF 10 nt (5)
5.21 5 19-21 11 IGHV5-9-1 CSRDSYYGSYYGYFDVW IGKV13-85 CQQYWSSPPTF 5nt (5)

5.22 5 22-24 10 IGHV2-3 CAKFSYGSSYYYAIDYW IGKV6-17  CQQHYSTPLTF 19 nt (12)
5.23 5 22-24 10 IGHV5-17 CAREFAYW IGKV12-44 CQHHYGSPYTF 7 nt(5)

5.24 5 22-24 10 IGHV1-84 CARFSGYFDVW IGKV4-50  CQQFTSSPFTF 20 nt (8)
5.26 5 25.28 9  IGHV1-18 CARSGYDFFAYW IGKV9-124 CLQYSTYPWTF 33 nt (18)
5.27 5 25.28 9 IGHV3-1 CARFYRSTGIAYW IGKV4-70  CHQRIIYPWTF 13 nt (7)
5.28 5 25-28 9 IGHV9-1 CTQLGLLAWFAYW IGKV10-94 CQQYSKLPPTF 13 nt (B)
5.30 5 2938 8  IGHV1-83 CARKNYYGSTYFDYW IGKV1-117 CFQGSHVPWTF 150t (7)
5.31 5 29-38 8 IGHV1-9 CVRGRSPIYYDYYYDNW IGKV17-127 CFQSDNMPYTF 19nt (12)
5.32 5 2938 8  IGHV1-86 CAKNYGIHYGMDYW IGKV13-85 CQQYWTIPYTF 18 nt (10)
534 5 29-38 8 IGHV5-6 CARQVYYDYGTMDYW IGKV10-96 CQQGNTLPRTF 18 nt (7)
535 5 29-38 8 IGHV8-8 CARKAYFGYDYFDYW IGKV6-23  CQQYSSYPLTF 9nt (6)

5.36 5 29-38 8 IGHV9-3 CARGWGYFDYW IGKV6-17  CQQHYSTPLTF 19nt(12)
5.39 5 39-48 7  IGHV1-4 CARRVGEYYFDYW IGKV4-79  CHQWSNYPPTF 13 nt (8)
5.40 5 39-48 7 IGHV9-3 CARAPLFYYAMDYW IGLV1 CALWYSNHWVF 17 nt(12)
542 5 39-48 7 IGHV1-76 CARWGDSSGTGAMDYW IGKV3-7 CQHSWEIPLTF 37nt (12)
5.43 5 39-48 7 IGHV4-1 CARPGFRYGYAMDYW IGKV12-44 CQHHYGTPLTF 10 nt (5)
5.45 5 39-48 7  IGHV8-12 CARLYDGYSYALDYW IGKV12-44 CQHHYGTPRTF 14 nt (8)
546 5 39-48 7 IGHV1-85 CTTGDYLYVHFDSW IGKV15-103 CQQGQSYPYTF 30nt (17)
5.47 5 39-48 7 IGHV2-8-1 CVRRGGYYGNFYWFFDVW  IGKV1-117 CFQGSHVPYTF 11 nt (7)
5.49 5 49-54 6  IGHV1-26 CARRGSRYFDVW IGKVE-32  CQQDYNSPWTF 30 nt (16)

Extended Data Table 2. Overview and characteristics of non-binders. Clone ID corresponds to mouse
number followed by clone index number corresponding to Fig. 1g.
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ID Mouse IgG clone rank in mouse #cells Vy CDRH3 Vi CDRL3 nt dist. (aa-changes)
3.3 3 2-3 14 IGHV1-5 CTRSDDYYYFDYW IGKV4-70  CHQRSNYPLTF 13 nt (11)

34 3 4 13 IGHV8-12 CARTRWEKYYAMDYW IGKV19-93 CLQYDNLYTF 9nt(7)

4.3 4 3 30 IGHV1-54 CARSDSSGDYW IGKV4-55 CQQWSSYPFTF 12 nt (5)

4.5 4 5-6 19 IGHV5-6 CSRRGLVDGVYPMDYW IGKV6-23  CQQYRTYPTF 21 nt (1)

4.6 4 5-6 19 IGHV8-12 CVRRLWSLDYAMDNW IGKV10-96 CQQGNTLPYTF 16 nt (9)

4.14 4 14 12 IGHV1-19 CAITRLDYW IGKV4-80 CHQWSSYPFTF 14 nt (4)

Extended Data Table 2 (continued). Overview and characteristics of non-binders. Clone ID corresponds
to mouse number followed by clone index number corresponding to Fig. 1g.

Primer Description Sequence [5’ -> 3']

EpMap_1 Reverse primer for pB33eCPX plasmid linearisation (step 1) CCAGTGCTGAAAGACATGCAA

EpMap_2  Forward primer for pB33eCPX plasmid linearisation (step 1) ACAACAAAAACCAGTACTACGGC

EpMap_3  Reverse primer for plasmid linearisation (step 2; library generation)  TTGTCCAGATTGTCCAGCTACAGAAG

EpMap_4  Forward primer for plasmid linearisation (step 2; library generation) GGAGGGCAGTCTGGGCAG

EpMap_5  Forward primer Sanger sequencing GTGGTTATGAAAAAAATTGCATGTC

EpMap_7  Forward primer NGS PCR 1 CCCTCCTTTAATTCCCGTGGTTATGAAAAAAATTGCATGTC
EpMap_8  Reverse primer NGS PCR 1 GAGGAGAGAGAGAGAGATGCTTGCCCAGTCGTTA
EpMap_9  Forward primer NGS PCR 2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACAC

EpMap_idx Reverse primer NGS PCR 2 encoding TruSeq IDX1

GACGCTCTTCCGATCTNNNNCCCTCCTTTAATTCCC

CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTT
CAGACGTGTGCTCTTCCGATCTNNNNGAGGAGAGAGAGAGA
G

Extended Data Table 3. Primers used for bacterial epitope mapping and NGS library generation.

ssODN

Description

Sequence [5' ->3']

EpMap1_ssODN

EpMapW1_ssODN Exemplary library ssODN for OVA index1

Generation of epitope mapping starting plasmid TGAAAAAAATTGCATGTCTTTCAGCACTGGCCGCAGTTCTGGCTTTCACAGCAGGAACTTCTGTAGCTGGA
CAATCTGGACAAGGAGGGCAGTCTGGGCAGTCAGGTGATTACAACAAAAACCAGTACTACGGCATCACTG

GGAACTTCTGTAGCTGGACAATCTGGACAAATGGGGTCCATTGGTGCAGCGAGTATGGAGTTCTGTTTTGA

TGTTGGAGGGCAGTCTGGGCAGTCAGGTGATTAC

Extended Data Table 4. ssODNs for epitope mapping library generation. Cloning overhang sequences
are indicated in bold. Insert sequence shown in red for exemplary library ssODN encodes for the first 15 a.a.

of OVA.
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