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Introduction Single-cell genomics workflow: the WaferGen ICELL8 System
Profiling T-cell receptor (TCR) diversity is critical for understanding the adaptive immune system and can _ . _ _ . ﬁigﬁzgt user Hr?ec’hsr Noﬂ'ca"didate .Can_didlate Wlfl.l' R
provide valuable insights in studies involving immuno-oncology, immune deficiency, autoimmunity, and Multi-Sample Nano Dispenser Imaging Station ICELL8 Chip S channel "\ we . W Sl i
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vaccine response. While low-throughput approaches have yielded important insights concerning TCR
repertoire dynamics, the development of next-generation sequencing (NGS) technologies has dramatically
expanded the prospects for this research area. The development of a SMARTer® NGS library-preparation
workflow for the WaferGen ICELL8™ Single-Cell System provides researchers with a high-throughput
approach for capturing full-length VDJ sequence information for single-cell TCR profiling. This approach, in
combination with phenotyping, enables researchers to identify specific pairings of alpha and beta chains
that comprise functional receptors in individual cells, and provides a starting point for classifying these
individual T-cells on the basis of function, maturity, and other complex parameters such as the timing of
cytokine secretion.
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K562  AACCTAAGAGA MultipleCells 2
KB6Z  AACCTAAGCCG MultipleCalls 2
K562 AACCTCCATGG HasDeadCells 1
KBEZ  AACGAACGCTC GoodBulExiuded
KB62  AACGAAGCGGA Good 1
K562  AACGAAGCTCG MultipleCells 2
‘ K562 AACCTAACTCA NoCells 0
K562  AACCTAAGTTC MuttipleCells
K562 AACGAACCATT GoodBulExiuded
K562  ACCAGCCAGTT Good
ACCGAACGGCG NoCells
ACCRACCGAGT

Using SMART® technology, we have developed an NGS library-preparation kit for TCR profiling that
employs a 5° RACE-like approach to capture full-length variable regions of TCR-a and/or TCR-B subunits.
While approaches that utilize genomic DNA as input material require multiplexed PCR strategies,
amplification of TCR sequences derived from RNA can be accomplished using single primer sets for each
subunit. This enables the user to obtain sequencing-ready TCR libraries from RNA in ~2.5 hours of hands-on
time. This approach was originally developed for RNA or bulk-cell inputs, requiring a minimum of 10 ng of
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RNA or 50 cells. Starting with RNA obtained from human peripheral blood, this method vyields libraries Results Table Pl channel Single well Multi well Control well
containing TCR-a and/or TCR-B sequences. When analyzed on an lllumina® MiSeq® using 300-bp paired-end _‘ image image

reads, >70% of sequencing reads map to TCR variable regions, and the most highly represented clonotypes E

remain consistent across a range of input amounts. Dispense Image wells and Lysis, template switch, Extract and perform Bead Overview of the WaferGen ICELL8 System: ICELL8 System Components — Multisample Nanodispenser
In this poster, we present a modified library preparation protocol adapted for the WaferGen ICELL8 Single- single cells select cells for and pre-amp PCR reactions purification (MSND) dispenses cells and reagents in nanoliter volumes into the wells of the ICELL8 chip, Imaging

. Station captures images of fluorescently labeled cells in the ICELL8 chip, 36 wells at a time (representative

processing image shown), and CellSelect software analyzes images and identifies single cell-containing wells for
further processing. B: Single-cell TCR sequencing workflow
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Cell System that allows for high-throughput analysis of TCR sequence information from single cells. In
preliminary studies performed in-tube on Jurkat cells, an average of 92% of sequencing reads mapped to
TCR sequences, and 90% of reads could be used for clonotype identification. With this platform, we can El El
generate libraries for ~1,000 single cells at a time, which can be pooled together and sequenced in a single
MiSeq run. Analysis of individual Jurkat cells from pooled libraries generated in this manner identified - .
>60% of reads mapping to TCR sequences in most cells, with ~70-80% of these reads being used in Experlmental dQSlgn

clonotype identification. “
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Sequencing read mapping to TCR subunits for libraries generated directly from
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Workflow for TCR o/p sequencing library preparation
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g )Qgg‘(x 5" — Pre-amplification PCR Experimental design for generating single-cell TCR sequencing libraries from Jurkat Cell well location Positive controls
2 * 4= TCR dT Primer performed on chip cells dispensed into a nanochip. Panel A. The 384-well source plate was seeded with ] .
| | dual-stained Jurkat cells, positive control RNAs, and a fluorescent Fiducial Mix (FM). Panel B. Alignment of sequencing reads _from cell_s an_d RNA controls. To evaluate the perf(_)rman_ce of the S_MARTer workflow on the ICELL8 system, the prot_ocol was
Extract, pool, column purify Inputs (cells, controls, or FM) were dispensed into a pre-printed nanochip using the MSND* performed on Jurkat c.ells. The resulting cDNA libraries were sequenced and then ar.lalyzed using MlXCB (Bolotin et al., 2015). Panel A. The peflce:\tages”of"sequenmng reads
_ B robotic nanodispenser. Panel C. Following automated image acquisition and analysis, a that map to.(.lDRB regions in TCR-a or TCR-B from 25 ra?nd.omly selected cells, wtuch were part of a library prepared from 824 Jurkat cells (“R” and “C” refer to row and
TCR Primer 2 o) dispense map for the subsequent dispenses was generated using CellSelect software. A total column positions, respectively, fqr eagh ce!l). In the majority of cells (21/25), >60% of reads: mapped to TCR-a or TCR-B sequences. The correct Jurkat clopc?type (TRAVS-
I:(g;ﬁar;iql-—l;;:gez}; g_ g of 1,519 single cells were identified, and 1,179 single cells were selected as live candidates. 4, TRAJ3/TRBV12-3,TRBJ1-2) was |dent|f|e.d in all ceIIs..Pa.neI B. The percentages 01:) sequencing reads that map to CDR3 regions in TCR-a or TCR-B from positive controls (5
— o JCR /b Human Primer 1 These candidates were further down-selected to a total of 824 Jurkat cells (plus 20 control zgl_éxak;’frgg\ﬁgrBEngBJP‘lBlz\/)lC RN_Q). ??_alc?,_ in |t|he rlrllajorltty of co?]troklst(16/2_i)_), >60/c1): ml‘ I;T\zlal;ls mapped to TCR-a or TCR-B sequences. The correct Jurkat clonotype (TRAVS-
: - - - : , -3, -2) was identified in all wells containing Jurkat positive contro :
PCR 1 (constant region) RNA samples) for further processing, library preparation, and sequencing.
e
D' s m— 3 — TCR-specific amplification - - - -
S — 2 Dertoecd off o Sequencing metrics and clonotype calling Conclusions
mmmm= TCR a/b Human Primer 2
PCR 2 Reverse HT Index (constant
region + +i5+ P5) Single Single 1,728 aedqe“pee“n"c'lggt “b‘:::;‘ pre:';f;\t'is;i ru::’usin;"t’ﬁg « Our SMARTer method provides a streamlined workflow for the
5 m— m—3 st ke R L liil  ICELLS System. To evaluate the performance of the generation of lllumina-ready TCR sequencing libraries that minimizes the
SMARTer workflow on the ICELLS8, the protocol was i i ifi i i idi i
Sequencing ready library Number of S|ng|e -cell wells (Jurkat cells) 1,471 1,471 initially performed on Jurkat cells and libraries were ||ke||h00d Of amphflcathn blaseS by aVOIdIng mUIt|p|eX PCR
_ generated using a single barcode ((1) and (2)). . . . . .
Number of control wells (RNA) 6 43 10 + 10 Validation was then performed on pre-printed chips 1 The 5'-barCOd|ng SYStem employed in this approach is a new and flexible
containing 1,728 barcodes. The resulting cDNA i1t i il I
Library preparation workflow and PCR strategy for single-cell TCR profiling using the ICELL8 System with the libraries were sequenced and then analyzed using addItI.OH t.o theWaferGen platform._ .It could POte.ntla”y be Utlllze.d AL
SMARTer method. On-chip reactions: Dispense #1 (single-cell solution): T cells, such as Jurkat cells, are dispensed using Total sequencing reads 734 613 1.130.907 4 168.990 MiXCR (Bolotin et al., 2015). combination with other gene-spemﬁc, llllumina-indexed PCR primer sets
MSND* into WaferGen 72 x 72 chips with (or without) pre-printed, barcoded PCR primers, using methods designed to maximize ’ S T In our validation experiments where a single barcode to characterize the 5’-ends of other genes of interest as well as for
the single-cell yield as dictated by Poisson statistics. Automated imaging of the cells is performed using CellSelect™ software. Successfully aligned reads 614,886 778,300 2,790,532 was used, 1,471 Jurkat cells and either 6 or 48 PBMC £ . ’ .
Single cell-containing wells are down-selected so each barcode is used only once. There are three copies of each barcode RNA control wells were included in the final library. pertorming 5 -tag counting.
(n=1,728) on the chip that provide well-specific addresses. Cells are lysed on-chip by freeze-thaw and immediately processed. Successfully aligned reads (percent) 83.7% 68.8% 66.9% Both of these experiments gave good numbers of _ _ _ _ _ _
Dispense #2((I5'I:I)- -_rnixr)]: First-strand c}DNﬁ sl»yn_thebsi?__f is erJimed by tﬂge TCF:] dTF)Prirr:jer ?nd pherfoglqzd by Ian I\I/IML?]/-d%r_Ii_vegc;everse reads mapping to CDR3 regions in TCR-a or TCR-B « The combinatorial complexity enabled by uniquely indexing the TCR o/f3
transcriptase in the presence of cell lysis buffer. Upon reaching the 5" end of each m molecule, the adds non- (~84% and ~69% for run 1 (1) and run 2 (2), - . .
templated nucleotides to the first-strand cDNA. The SMART-Seg® v4 Oligonucleotide contains a sequence that is complementary i : respectively), with the vast majority of these reads ampllc_:(_)ns created fror_n_ each Chlp (SMARTG_F mthOd)’ coupled with the
to the non-templated nucleotides added by the RT, and hybridizes to the first-strand cDNA. In the template-switching step, the RT Number of reads used in clonotype calling 594,173 716,531 2,663,900 being used for clonotype calling. In (1), over 99% of capablllty of We”-SpeCIfIC barcodlng of the libraries generated from each
uses the remainder of the SMART-Seq v4 template-switching oligo as a template for the incorporation of an additional sequence o o o the reads used for clonotype calling identified the i -
on the end of the first-strand cDNA. Dispense #3 (pre-amp mix): Ten cycles of pre-amplification are performed to incorporate Reads used (percent of total) 80.9% 63.4% 63.9% correct Jurkat clonotype (TRAV8-4, TRAJ3/TRBV12- gglal|(evzﬁ-,lf(ejll-gse(r;fl-lc_:(E;é_|||_8reSgleS;te(;? )égég\rlrl]?cess & powerful approach for Iarge
the pre-printed, PCR1-A Primer (used in concert with the TCR dT Primer). The contents of the chip are extracted by centrifugation o ; o o o 3,TRBJ1-2). In (2), where more PBMC RNA control - .
using a fixture, followed by column purification. In-tube PCR amplification reactions: Full-length variable regions of TCR AllglglLenlity reass [peussii o feetl usee) Lo J2I ol samples were used, this number was ~95% (the
cDNA are selectively amplified by PCR using indexed primers that are complementary to the oligonucleotide-templated sequence Low-quality reads (percent of reads used 30.1% 28.0% 38.2% remaining ~5% of reads identified alternative e Paired identification of TCR alpha and beta chains in single-cells, and
( TCR primer 2 Forward HT Index), and the constant region(s) of TCR-a and/or TCR-B subunits (TCR a/b Human Primer 1). A d y (p ) ° ° ° clonotypes present in the PBMC RNA controls). hi fth . . .ph hei . 9 ! ;
subsequent round of PCR is performed to further amplify variable regions of TCR-a and/or TCR-B subunits and incorporate adapter We then tested the workflow on ICELL8 chips pre- maFC Ing O these p_alrlngs V\{lt t _e!r co_gnate antlgens (neoantl_gens) IS
sequences, using TCR Primer 2 Forward HT Index and TCR a/b Human Primer 2 Reverse HT Index. Included in the primers are _ printed with 1,728 barcodes. In this experiment, 824 an important analytlcal step In gmdlng |mmunotherapy strategies.
adapter and index sequences (Read 2 + i7 + P7 and Read 1 + i5 + P5, respectively) that are compatible with the Illumina Reads mapping to Jurkat clonotype: Jurkat cells, 10 Jurkat RNA controls, and 10 PBMC
;?stl;ce:rnrﬁlr:‘%igg]gggrnggéli?;vc;_negnglﬁ;lglgs-tlon, size selection, and quality analysis, TCR cDNA libraries are sequenced on the lllumina TRAVS-4, TRAJ3 50.3% 80.9% 35.29% ggggcilgr\%eorferégglgcri]espggdt?sCfE)nF?:; rI(let;;’ri?)rnys. iLnTg]I:%S- o The SMARTer workflow can be applied effectively on the WaferGen
| | | 0 0 0 o or TCR-B. Over 99% of the reads used for clonotype ICELL8 system, allowing for high-throughput single-cell isolation and
Bolotin, D. A., Poslavsky, S., Mitrophanov, I., Shugay, M., Mamedowv, I. Z., Putintseva, E. V., & Chudakov, D. M. (2015) TRBV12-3,TRBJ1-2 49.7% 13.7% 64.6% calling identified the correct Jurkat clonotype . . d . |d hiahl d bl |
MiXCR: software for comprehensive adaptive immunity profiling. Nat. Methods 12(5):380-381. e — e —— (TRAVS-4 TRAJ3/TRBV12-3 TRBJ1-2),  with  good experimentation, ana yielding highly reproducible results.
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