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Abstract
Immune repertoire amplification of T and B cell receptors coupled to NGS 
provides detailed, sequence-level insight into the immune system. 
However, information related to the cognate pairing of alpha and beta 
chains is lost once RNA extraction is performed on the entire sample (or 
bulk sample). Here, we describe a very sensitive method that allows for 
the amplification of both human TCR alpha and beta chains including 
additional phenotypic markers from single cells in the same reaction well.  
We have reduced the RT-PCR chemistry as low as 1.5 µL, thus providing a 
cost-effective method to analyze single cells from standard FACs 
instruments. Plate processing procedures are also simplified since RT-PCR 
of all targets can be performed in the same plate. Under optimal 
conditions, the amplification success rate is greater than 90%, with 
successfully identified pairs as high as 75% of those amplified. During the 
first round of PCR, RT-PCR is performed with nested, multiplex primers 
covering both the alpha and beta locus (iPair™) and 30 phenotypic markers 
(iPair+™). Communal forward and reverse binding sites are included on the 
5’ end of the inside primers. Included on the reverse primer is an in-line 6 
nt barcode, which serves as a plate identifier so that multiple 96-well 
plates may be multiplexed in the same sequencing flow cell. After RT-
PCR1, the first round PCR1 products are rescued using beads. A second PCR 
is performed with dual-indexed primers that complete the sequencing 
adaptors introduced during PCR1 and provide plate positional information 
for the sequenced products. An analysis tool has also been developed to 
help visualize pairing across a plate and to identify those pairs that would 
be likely candidates for further investigation. 

Results: iPair+™

Methods

Figure 1.  Overview of the process from sample to data. Cells are sorted and plated as single 
cells. Arm-PCR is performed with a mixture of alpha and beta primers and indexed during 
PCR2.
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Figure 3. During PCR2, the iDual™ PCR2 plate is used, and the libraries generated are 
labelled with forward and reverse index adaptors compatible with the Illumina dual-index 
chemistry. Libraries generated after PCR2 are sequencing ready and require no additional 
enzymatic steps in order to complete the sequencing.

Figure 2. With the arm-PCR iPair™/iPair+™ method, RT-PCR1 is performed with both outside 
and inside primers covering the V(D)J rearrangements of both the TCR alpha and beta locus. 
The inside reverse primers contain a molecular barcode that serves to identify the 96-well 
plate. A common tag is associated with both the forward and the reverse primers so that these 
can be used during PCR2.
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Figure 5. iPair™ Analyzer shows the plate data with the ability to 

Figure 7. The purpose of this experiment is to demonstrate that the Sony SH800 reliably deposits 
single cells and index-sorts successfully. Jurkat cells stained with anti-CD4+ PE-Cy5 were mixed 
50:50 with healthy donor CD4+ cells stained with anti-CD4+ Brilliant Violet. These cells were 
previously magnetically sorted and cryopreserved prior to thawing and staining. The SH800 was 
used to index sort the Jurkat cells into the left half of the plate and the healthy donor cells into the 
right half of the plate. The plate was then analyzed for Jurkat cell alpha beta CDR3s. The coincidence 
of the Jurkat alpha beta sequence (circle and diamond) is restricted to the correct side of the plate 
as shown on the iPair™ Analyzer.

Figure 9. Each target was individually amplified, gel purified, and sequenced separately to 
ensure each target was the expected amplicon product.  Next, each library was diluted to 
low copy number and amplified with the iPair+™ primer mix in order to ensure that each 
primer pair was working in the context of the entire mix. Since each library contains the 
sequencing adaptors used during PCR2, the negative control still has the ability to be 
amplified during PCR2. It is the difference in amplicon intensity between the positive and 
negative that indicates successful amplification (not all targets are shown). Additionally, a 
control library was generated by adding an equal amount of each target library to the control 
pool. This control library is used in at least one well of a plate at low copy number to ensure 
target  amplification during plate processing. 
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Results: iPair™

Figure 4. In order to test shipping conditions and demonstrate the ability of the technique to 
handle low cell numbers, 500 Jurkat cells stored in 400 µL for 8 days at 4 ℃ were plated as 
single cells and amplified with iPair™ TCR alpha beta chemistry using a 1.5 µL RT-PC1 set-up 
and a proprietary method for plating. Sequencing for this experiment demonstrated 100% 
amplification success rate and 93% pairing success.

Figure 6. An agarose gel of iPair™ BCR IgH/IgKL is applied to CD19+ B cells from a healthy donor. 
The amplification success rate for this example is 95.8%. Of the amplified products, a unique heavy 
chain and light chain were identified for 73.9% of amplified cells. Of these cells, co-expression of IgM 
and IgD was identified for 52.9%.  A heavy chain with dual light chain was identified for 8.7% of cells, 
and dual light chain only expression was identified for 1 cell (4.3%). A single heavy chain was 
identified for 1 cell (4.3%) , and a ORF light was detected in 1 cell (4.3%; 503-706).
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Results: Index Sorting Experiment
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Figure 8. Additional phenotyping gene markers covering 30 different genes were added to the 
same iPair™ mixes in order to further characterize the cell in an all-in-one low volume reaction. 
The table on the left shows the gene targets while the output on the right shows analysis from 
the iPair™ Analyzer for an iPair+™ plate of activated CD14-CD4+ cells. Each row represents a 
well of the PCR plate (single cell), while the color provides the direct read count ranging from 
blue (low read count) to red (high read count). Control library C10 (discussed below) shows 
expression across the targets.

Single	CD4+	cells	amplified	with	iPair+™	mixes	and	arm-PCR.	Percentages	 of	dimer	sequences	 from	the	corresponding	 single	cell	data	are	provided.	
Note	that	the	higher	the	signal,	the	lower	the	percentage	of	primer-dimers,	and	thus	wasted	sequencing	 reads.Figure 10. CD14-CD4+ cells were activated by Cell Activation Cocktail (Biolegend), and 

iPair+™ TCR all-in-one reaction mix was applied to the sorted single cells. The amplification 
success rate is 92%; however, primer-dimers are present in many of the reaction attempts. 
Overall, the pairing success rate dropped to ~50% of the amplified cells. Raw data was 
examined for non-specific products and primer-dimers even though the libraries were bead 
purified prior to sequencing. Even for successful pairing with phenotypic characterization, 
the raw data demonstrated upwards of 26% primer-dimer such as S49; in contrast, very 
bright amplicon product such as S73 has as little as 1% primer-dimer. Further work is 
focused on methods which create high signal and limited noise at the amplicon level in order 
to increase pairing success rates with phenotype in one reaction.

Figure 5. An agarose gel of iPair™ TCR alpha beta applied to CD4+ primary T cells isolated from a 
healthy donor is shown. The amplification success rate is 100%. In the right panel, a screen shot from 
the iPair™ Analyzer shows wells with both an alpha and beta called in purple, alpha only in blue, and 
beta only in red.  Of these cells, a single alpha and beta were called for 13 cells (54.2%), a single beta 
with dual alpha for 5 cells (20.8%), a dual alpha only for 2 cells (8%), and a beta only for 1 cell (4.2%).


