
 

Figures 

 

Figure 1: Schematic of MATE-seq. (A) MATE-seq relies on magnetic nanoparticles, called pNPs, that 
present peptide antigens (via tetramerized MHC complexes), as well as photocleavable primers designed 
to capture TCR α or β chain mRNA for sequencing and transfer the identity of the antigen to the mRNA 
during RT-PCR. (B) A library of antigen-specific pNPs are mixed CD8+ T-cells, and pNP-bound cells 
(barcoded cells) and unbound pNPs (free pNPs) are purified by magnetic isolation. This mixture is added 
into a microfluidic device that first removes free pNPs, and then encapsulates barcoded cells in droplets. 
(C) Inside the droplets, individual cells are lysed to release their mRNA, the pNPs are exposed to UV to 
release the primers, and RT-PCR is performed. The antigen specificity of the pNPs (PI) is transferred to 
the resulting TCR cDNA library inside the droplet. After droplet breakage, the cDNA libraries are pooled 
for purification and PCR enrichment, as well as adapter insertion to prepare them for sequencing. 
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Figure 2: Microfluidic device for MATE-seq. (A) The device integrates a DLD array on the front end of 
a droplet generator, and features 4 inputs (I1 to I4) for barcoded cells-free pNPs mixture, buffer, 
encapsulation oil, and lysis/RT-PCR mix, as well as 2 outputs (O1 and O2) for the water-in-oil droplets 
created by the droplet generator and waste. (B) The barcoded cells and free pNPs are flowed in parallel 
with buffer optimized for RT-PCR with minimal mixing by diffusion. (C) After DLD processing, the 
barcoded cells are displaced into the buffer stream toward the droplet generator, with full removal of free 
pNPs into the waste. The physical dimensions of the DLD array determine a critical sorting diameter, Dc. 
(D) Barcoded cells are encapsulated in water-in-oil droplets with lysis RT-PCR mixture, and collected for 
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analysis. The size of the droplet is determined by the physical dimensions the device. The course of 
barcoded cells is shown in the micrographs of A to D, highlighted in solid red squares. (E) Fluorescent 
micrographs of viability-stained cells processed by devices with circle (top) or I-shaped (bottom) pillars. 
As the cells exit the DLD array, they tend to follow tracks defined by the pillar spacing, as seen in the 
frequency plot (inset). The intensity of the frequency plot along the y-coordinate is proportional to the 
number of cells that pass through the device at the yellow dotted line. The I-shaped pillars increased cell 
sorting efficiency into the droplet generator from ~60% to ~80%. (F) The focusing constriction (c) and 
height (h) of the droplet generator was empirically optimized to produce droplets small enough to 
withstand 30 cycles of PCR. Droplets with diameter >60 µm appear to merge into larger droplets after 
PCR, as shown in the bright field micrographs. All scale bars are 200 µm. 
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Figure 3: MATE-seq sequencing results. (A) After microfluidic processing, the RT-PCR product was 
purified and modified with two PCR steps to generate a sequencing-ready library. Gel ladder is 100 base 
pairs. (B) The bulk analysis of cells containing CMV-specific cells (donor 1) yielded 4,129 sequenced 
TCR clones, with no single TCR contributing more than 3% of total reads. Two independent MATE-seq 
analyses of the same cells yielded 2 unique TCR β chains and 4 unique TCR α chains, all of which were 
only associated with CMV barcodes, with 1 β and 3 α chains shared across both runs. While these 6 
CDR3s contributed to >99% of total reads in MATE-seq, they only represented 0.09% of total reads from 
bulk sequencing. (C) FACS sorting and sequencing of a different set of CMV-specific T-cells (donor 2) 
yield 9 paired TCRs, with the most common α and β chains appearing in 6 and 4 cells, respectively. 
MATE-seq analysis of the same cells co-detected 3 of the same CDR3s, one of which was the most 
common α chain from FACS analysis. (D) Multiplexed MATE-seq of CMV and EBV-specific cells 
(mixture of donor 1 and 3) revealed dominant TCR α and β chains for each antigen. 
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Figure 4: Comparison of MATE-seq with public TCR database. (A) Sequenced TCR CDR3 regions were 
compared to a public database of reported antigen-specific CDR3s. The antigen similarity score for an 
antigen-specific sequencing was defined as the average edit distance of each sequenced CDR3 to its 
nearest antigen-specific CDR3 in the database. (B) Example of CMV and EBV antigen similarity score 
matrix. Cross-antigen similarity scores showed that MATE-seq derived CDR3s for CMV and EBV were 
likely antigen-specific and far more similar to database CDR3s for the same antigen. In particular, 
MATE-seq uncovered one EBV and three CMV CDR3s with exact match to the database (i.e. score: 0) – 
one exact match from each antigen is shown. 
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