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Extended Data Fig. 1 | Design of an inducible SrtA expression construct for 
TCR-MAP. (a) Vector designs for the different inducible NFAT-SrtA reporters 
tested. (b) Jurkat cells transduced with the various NFAT-SrtA reporters were 
stimulated for 6 h (top) or 1, 4, 6, 8, 24 h (bottom) with either 1 μg/ml anti-CD3 

antibody (top & bottom) or PMA/I (top). Percentage of murine CD40L expressed 
on the cell surface of Jurkats was assessed by flow cytometry. Error bars indicate 
the mean and SD. Data in b are representative of n = 3 independent biological 
replicates. PMA, phorbol 12-myristate 13-acetate. I, ionomycin.
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Extended Data Fig. 2 | See next page for caption.
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Extended Data Fig. 2 | Optimization of the TCR-MAP platform. (a) Streptavidin 
cell surface labeling of HLA-A*02:01+ G5-target cells transduced with (green) 
or without (gray) the CTAG1B antigen at the indicated effector-to-target cell 
ratios with IG4 TCR+ SrtA-Jurkats for 6 h using an LPETG-biotin concentration 
of 50 μM. Reported fold change values were calculated based on the ratio of 
streptavidin fluorophore MFI of the CTAG1B 90-aa peptide expressing G5-targets 
over streptavidin fluorophore MFI of no antigen controls. (b) Streptavidin cell 
surface labeling of HLA-A*02:01+ G5-target cells transduced with (orange) or 
without (gray) the CTAG1B antigen at the indicated concentration of LPETG-
biotin substrate added to a co-culture with IG4 TCR+ SrtA-Jurkats for 6 h at 
an effector-to-target ratio of 1:1. Reported fold change values (Right) were 
calculated based on the ratio of streptavidin fluorophore MFI of the CTAG1B 
90-aa tile expressing G5-targets over streptavidin fluorophore MFI of no antigen 
controls on the bottom. (c) Quantification of HLA-DRB1*11:01+ CIITA+CTSS+ 
G5-target cell biotinylation after transduction with HIV gag 56-aa fragment 
containing the known antigen for F24 TCR. LPETG-biotin substrate (50 μM) was 
added at the indicated times. Reported fold change values were calculated based 
on the ratio of the mean of antigen-expressing G5-target cell biotinylation over 
the mean of no antigen G5-target cell biotinylation. Co-cultures were performed 
at an effector-to-target ratio of 1:1 (d) Representative flow plots looking at 
target cell biotinylation of HLA-A*02:01+ G5-target cells transduced with (red) 
or without (gray) the CTAG1B antigen. CTV labeled antigen+ G5-target cells were 

spiked into non-antigen controls at a frequency of 1% and co-cultured with IG4 
TCR+ SrtA-Jurkats alone or combined with four other non-cognate TCRs at a final 
effector-to-target ratio of 1:1 for 6 h using an LPETG-biotin concentration of 50 
μM. Quantification of the total frequency of CTV labeled antigen+ G5-targets 
relative to the whole population (light gray) or gated on the top 1% of biotinylated 
G5-targets (dark gray) is reported for all TCR pooling conditions. Reported 
fold change values were calculated based on the ratio of the frequency of CTV+ 
G5-target cells in the top 1% of biotinylated cells over their frequency in the total 
input population. (e) Representative flow plots showing the pre- and post-
magnetic bead enrichment of target cells. Pp65 antigen+ HLA-A*02:01+ G5-target 
cells were spiked into no antigen control cells at a frequency of <1% and co-
cultured with NLV3 TCR+ SrtA-Jurkats for 6 h using an LPETG-biotin concentration 
of 50 μM at an effector-to-target ratio of 1:1 or 1:2, as indicated. Cells from the co-
culture were labeled with streptavidin conjugated magnetic beads and run over 
a magnetic enrichment column (Miltenyi). Cell bound to the column were eluted 
and analyzed by flow cytometry to quantify cognate antigen (CTV+) enrichment. 
Reported fold change values were calculated based on the ratio of the frequency 
of CTV+ G5-target cells bound to the column versus their frequency in the input 
population. Each dot in c-e represents a different biological replicate, where 
error bars in a-e indicate SD. Data in a-e are representative of n = 3 independent 
biological replicates. MFI, mean fluorescence intensity. CTV, cell trace violet.
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Extended Data Fig. 3 | Magnetic bead enrichment is capable of isolating 
cognate antigens using TCR-MAP. TCR-MAP screen schematic and results of 
NLV3 TCR+ SrtA-Jurkats screened against a CMV-specific viral peptidome library 
in HLA-A*02:01+ G5-target cells. Biotinylated G5-target cells were either FACS 
isolated (a) or labeled with streptavidin conjugated magnetic beads and run over 
a magnetic enrichment column for a total of two consecutive purifications for 
isolation (b). Cellular barcodes from isolated cells are PCR amplified from gDNA. 
Downstream NGS and analysis of enriched reads relative to the input library 
enables calculation of adjusted p values to call enriched peptides by the TCR 

queried. The results of the screen are plotted such that each dot represents one 
peptide with the y axis indicating the negative log10 p adjusted values by Mageck 
and the x axis reporting the geometric mean of the enrichment of the peptide 
across three replicates. Fold enrichment is defined as the ratio of the abundance 
of the peptide in the sorted population relative to the input library. Peptides 
highlighted in red contain the known cognate antigen for the NLV3 TCR. CMV, 
cytomegalovirus. FACS, fluorescence-activated cell sorting. gDNA, genomic 
DNA.
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Extended Data Fig. 4 | TCR-MAP identifies cross-reactive and cross-restrictive 
antigenic hits for CTAG-reactive CD4 TCR. (a) Human genome-wide TCR-MAP 
screen results of the TCR3898-2 TCR. Each dot represents one peptide with the y 
axis plotting the negative log10 p adjusted values by Mageck and the x axis calling 
the geometric mean of the enrichment of the peptide across three replicates. 
Fold enrichment is defined as the ratio of the abundance of the peptide in the 
sorted population relative to the input library. Peptides highlighted in blue are 
known antigens of the TCR3898-2 TCR, while yellow indicates new antigens 
that validated. (b) Determination of CD69 upregulation of TCR3898-2 TCRs to 
the indicated antigens in CIITA+CTSS+ G5-target cells that express six different 
HLA-DR, -DP, and -DQ alleles or only the HLA-DRB1*04:01 allele to assess HLA-

restriction patterns. The relative correlation of the fold enrichment of the 
peptide fragment vs the CD69 upregulation of TCR3898-2 TCRs by that same 
epitope sequence is plotted in (c) and the r2 value reported.  
(d) Representative flow cytometry plots of 3898-2 TCR+ SrtA-Jurkat cell activation 
by assessing CD69 upregulation in response to the indicated peptides expressed 
in CIITA+CTSS+ G5-target cells expressing all six DR+DP+DQ+ alleles or only the 
HLA-DRB1*04:01 allele. * p = 0.0266 (left) and 0.0397 (right), **** p < 0.0001 
for each group relative to no antigen control by two-tailed t test. Each dot in b 
represents a different biological replicate, where error bars indicate the mean 
and SD. Data in e are representative of n = 3 independent biological replicates. 
HLA, human leukocyte antigen. CIITA, class II transactivator. CTSS, cathepsin S.
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Extended Data Fig. 5 | TCR-MAP accurately identifies Treg TCR reactivities. 
(a) Mouse genome-wide TCR-MAP screen results of PAD4-reactive 6MNO TCR+ 
SrtA-Jurkats. 56-aa peptide fragments covering the murine proteome were 
expressed in H2-IAb+ CIITA+CTSS+ G5-target cells SrtA-Jurkat cells were added 
to achieve a final effector-to-target ratio of 1:1. Each dot represents one peptide 
with the y axis reporting the negative log10 p adjusted values by Mageck and 

the x axis indicating the geometric mean of the enrichment of the peptide 
across three replicates. Fold enrichment is defined as the ratio of the abundance 
of the peptide in the sorted population relative to the input library. Peptides 
highlighted in red indicate validated hits from the screen. PAD4, peptidylarginine 
deiminase 4.
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