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Claims 

1. A method of identifying a plurality of adaptive immune receptor (AIR) cognate pairs
comprising a first polypeptide and a second polypeptide that form an AIR heterodimer from a
single clone in a sample, said sample comprising a plurality of lymphoid cells from a
mammalian subject, said method comprising:

A) distributing said plurality of lymphoid cells among a plurality of containers such that
each container comprises a plurality of lymphoid cells;

B) generating a library of amplicons in said plurality of containers by performing multiplex
PCR of cDNA molecules, wherein the cDNA molecules have been reverse-transcribed
from mRNA molecules obtained from the plurality of lymphoid cells, and wherein said
library of amplicons comprises:

i) a plurality of first AIR amplicons encoding a first AIR polypeptide, wherein each
first AIR amplicon comprises (a) a unique variable (V) region encoding sequence or a
unique J region encoding sequence, (b) a barcode sequence, (c) a universal adaptor
sequence, and (d) a sequencing platform tag sequence, and

ii) a plurality of second AIR amplicons encoding a second AIR polypeptide, wherein
each second AIR amplicon comprises (a) a unique V region encoding sequence or a
unique J region encoding sequence, (b) a barcode sequence, (c) a universal adaptor
sequence, and (d) a sequencing platform tag sequence;

C) performing high throughput sequencing of said library of amplicons generated in step
B) to obtain a data set of a plurality of first AIR amplicon sequences and second AIR
amplicon sequences;

D) determining a container occupancy pattern for each first AIR amplicon sequence and
each second AIR amplicon sequence by assigning each first AIR amplicon sequence and
each second AIR amplicon sequence to one or more containers, wherein each barcode
sequence is associated with a particular container;

E) for each possible pairing of first and second AIR amplicon sequences to form a putative
AIR cognate pair, calculating a statistical probability of observing the container occupancy
pattern, or a statistical probability of observing any larger proportion of shared containers
than expected by chance, given that said first AIR amplicon sequence and second AIR
amplicon sequence do not originate from said same clonal population of lymphoid cells,
and identifying a plurality of putative AIR cognate pairs based on said statistical probability
having a score lower than a predetermined likelihood cutoff;

F) for each identified putative AIR cognate pair, determining a false discovery rate
estimation for a possible false pairing of said first AIR amplicon sequence and said second
AIR amplicon sequence; and
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G) identifying a plurality of putative AIR cognate pairs as true AIR cognate pairs based on
said statistical probability and said false discovery rate estimation.

2. The method of claim 1, wherein the plurality of containers comprise wells of a multi-well
plate.

3. The method of claim 1, wherein said first polypeptide comprises a TCRα polypeptide and
said second polypeptide comprises a TCRβ polypeptide, wherein said first polypeptide
comprises a TCRγ polypeptide and said second polypeptide comprises a TCRδ
polypeptide, wherein said first polypeptide comprises an IgH polypeptide and said second
polypeptide comprises an Igλ polypeptide, or wherein said first polypeptide comprises an
IgH polypeptide and said second polypeptide comprises an Igκ polypeptide.

4. The method of claim 1, wherein said sample comprises a blood sample.

5. The method of claim 1, wherein said sample comprises a tissue sample.

6. The method of claim 1, wherein said sample comprises purified or cultured human
lymphoid cells.

7. The method of claim 1, wherein each container comprises at least 104 lymphoid cells.

8. The method of claim 1, wherein calculating said statistical probability comprises
determining a p-value for pairing each putative first AIR sequence and second AIR
sequence.

9. The method of claim 1, wherein determining a false discovery rate estimation comprises:

a) calculating p-values for possible pairings of each of said plurality of first AIR
sequences and second AIR sequences identified in said sample;

b) comparing said p-values for all of said possible pairings of first AIR sequences and
second AIR sequences with an expected p-value distribution, wherein said expected
p-value distribution is calculated to represent an experiment where no true pairs of
first AIR sequences and second AIR sequences are present; and

c) for each putative pair of a first AIR sequence and a second AIR sequence,
determining an expected proportion of false positive results, such that all p-values at
or below the p-value of said putative pair of first AIR sequence and second AIR
sequence are determined to represent a true cognate pairing.

10. The method of claim 9, wherein calculating said expected p-value distribution comprises
permuting said containers in which each first AIR sequence and second AIR sequence has
been observed in an otherwise-identical experiment with no true first AIR sequence and
second AIR sequence pairs, and calculating said distribution of p-values associated with
each putative AIR pair.
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