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ABSTRACT sample and are presented as percentages (right).

Single-cell RNA sequencing (ScRNA-seq) and single-nuclei RNA sequencing (snRNA-
seq) empower researchers to assess the unique transcriptomes of tens of Replicate Batch Recovered Cell #
thousands of individual cells and allow the detection of rare cell populations.
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scRNAseq on patient-derived blood samples is becoming more prevalent across a Paxgene-1 5606 3210 7884

variety of disease areas but is restricted to cryopreserved PBMCs, which require Paxgene-2 1 6162 3428 3288

specialized collection and storage. These complications can prevent some studies Paxgene-3 5221 3514 9164

from being able to deploy scRNAseq, and those that do often see high levels of Paxgene-4 7105 3197 7402

variability linked to PBMC processing, rather than true biology. Blood collection in Paxgene-5 9916 1859 4511

PAXgene RNA tubes, by contrast, is highly standardized and requires no special Paxgene-6 7969 . 2609 o 5334 o

equipment. Previously, whole blood samples collected in PAXgene RNA tubes have e 2 5260 14% T 8% 4979 %

been us_ed prlmarl.ly for bulk_RNA sequencing, which, W.hl|e ideal for standard gene Paxgene-8 3139 1978 A450 H H

express.lon analysis, fails to _mterrogate the heterogeneity of complex cell Paxgene-9 2950 3107 2632

populations. Here we describe a novel method for snRNA-seq on whole blood i 1 5

collected in PAXgene RNA tubes using the 10X Genomics® Flex fixed RNA Paxgene-10 3 5759 5191 7331 f , |

profiling preparation. ferazie L Sell 2825 6507 = ASDC B intermediate = B memory m B naive
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In this proof-of-principle study, blood from four individuals was collected in PAXgene . - . . m CD8 Naive m CD8 TCM mCD8S8 TEM m CD14 Mono

RNA tubes and stored at -20°C until processing. Each sample was processed in To assess inter-batch rgproduc!blllty, results were conr}p.ared acrosg three iIndependently processegl batches using CD16 Mono Eryth HSPC mILC

technical triplicates to test replicability and batch concordance. Nuclei isolation with the mean of four technical replicates per batch. Coefficients of variation for key performance metrics were m MAIT m NK NK Proliferating NK_CD56bright

a series of spin and wash steps was followed by visual inspection, counting, and generally below 20% (left). Cell-type composition was evaluated across all 12 replicates as described above (right). Platelet mTreg mcDC1 mcDC2

then a variation of the 10X Flex protocol. This library preparation method utilizes a Despite observable batch effects, major cell types representing more than 1% of the total population showed low dnT gdT pDC

defined set of probes for whole transcriptome capture without requiring live cells or variability, with CVs below 20%.

full-length intact RNA,; it has previously shown to give comparable results to

traditional live cell processing. Here we show that this method successfully achieves 1 2 3 4 5 6 7 8 9 10 11 12
transcriptomic readout on a single-nucleus basis from whole blood in PAXgene RNA
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LV < oemoms e SRS ) CONCLUSIONS
T R e R e (At (A * This proof-of-concept study evaluates whether cryopreserved whole blood collected in PAXgene RNA tubes can support reproducible single-nucleus RNA sequencing using
i | | et | et ' ' U the 10x Genomics GEM-X Flex v2 workflow.10,000 cells were targeted for this test with replications at different batches. Libraries were sequenced and sequencing data
s e §(;:,.:;.,:;d, sz‘;pz e “:x,, were then analyzed.
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<</" OUTCOME: Qualification of the optimized PaxGene blood - snRNAseq (10X Flex v2) workflow

with su pprt ng bulk RNAseq data.

Across the single-nucleus libraries, within-batch coefficients of variation for cell recovery, median genes per cell, and median UMI counts per cell ranged from 4% to 16%.

Inter-batch performance metrics generally showed CVs below 20% across the three independently processed batches.

Four tubes of frozen control PAXgene blood were thawed overnight at 4°C, pooled, : : : : : : :
and divided into 16 aliquots of 2 mL each. The aliquots were stored at —80°C until Cell-type profiles were generally consistent across the 12 replicates. Although some batch-related differences were observed, major cell populations representing more

processing. Twelve aliquots were analyzed in three batches at separate time points, than 1% of detected cells maintained CVs below 20%. Pseudobulk gene expression profiles showed particularly strong agreement, with pairwise correlations of

with four technical replicates per batch, using the 10x Genomics Single Cell Gene : 5 — PR
Expression Flex v2 workflow. The remaining four aliquots underwent RNA extraction apprOXImately R 0.99 or greater within and across batches.

and bulk RNA sequencing for concordance analysis. The optimized workflow produced consistent, reproducible single-nucleus transcriptomic data from frozen PAXgene whole blood. PAXgene blood may enable retrospective

and prospective single-cell studies when immediate PBMC isolation or live-cell processing is not feasible.




~ BONUS: Utilizing Blood from PAXgene
e GENEWIZ Tubes for 5’ Gene Expression with T-VDJ

From Azenta Life Sciences

Bhaven Mehta, Katie Duval, Andrea O’Hara, Yongjun Fan, Yang Han, and Haythem Latif
LGENEWIZ from Azenta Life Sciences, South Plainfield, NJ 07080

Part 2: Qualification

Workflow: Frozen PAXgene Blood

r Collection |
* and storage A\

LT 4 Leukocyte Resuspension GEM-X Universal 5’
Equilibration [ : : ; : -
' enrichment \ and counting Master Mix Preparation PA);glieq rl\;:):ood 5 GEX library1 ™
. . 1 Dilute 1 ml PAXgene blood with a : (} Replicate 1
1  Collect whole blood in 1 Keep frozen blood 1 Ifthe 2 hour ambient 1:1 ratio of 0.04% BSA/PBS + 1U/pl 1 Resuspend in 1 ml of 1 Use PAXgene leukocytes - N % ~
PAXgene RNA tube. at 4°C overnight to incubation was skipped RNase Inhibitor (PBS (21-040-CM 0.04% BSA/PBS + 10U/l to perform GEM-X U T-VDJ library 1
B Paxgene blood remai ensure sample is before freezing, allow ;r;)m Co;:r]it;g):sBS_A (AfM)26R1r3 from RI buffer per 1 ml of Universal 5' (see
gene blood remains fully thawed. tubes to incubate for at EINQ S nen et TG v PAXgene blood input. GEM-X Universal 5’ PAXgene
stable for 3 days at 4°C or e inhibitor 40X (PN-2001488 from : RNA' = L 4 \
room temperature (20°C) temperat:rre (20°C) 10X Genomics)) ina2 ml round G‘enT E)l(Dresswn v3 Thaw & Cell .
brorto freeding s bottom DNA LoBind Tube. 2 Count by staining with Singleplexor Wash countin 5’ GEX library 2
leukocyte enrgzhment 2 Useaswing bucket centrifuge to propidium iodide (P1) GEM-X Universal 5 L L g )
3 Forfreshy collected or 4°C z perform 4°C centrifugation at 500 g or NucSpot 470. Gene Expression v3 k* Replicate 2
sored blood, eave sample IS 1 o el 4-plex for detas). y
< using sterile plastic transfer pipettes K :
= il t_emperature 2o (<30 pl supernatant left behind). E T-vDJ llbrary 2
for a minimum of 2 hours )
before freezing, alternatively B A 3 Add another 1 ml of 0.04% BSA/PBS
blood can be immediately f W +1U/ut RNase Inhibitor. Same >‘> . l
frozen overnight at -20°C & 4°c 4 Use aswing bucket centrifuge to d
and :hen transferred to s perform 4°C centrifugation at 500 g onor .
-80°C for long-term 22 h°:'“'s for 5 minutes and remove supernatant Com parison
storage. at20°C using sterile plastic transfer pipettes ‘ 4
(( )> (<30 pl supernatant left behind). ‘U7 5' GEX library 3 \
U Vo 1 PAXgene blood )
w aliquot 2 ~> Replicate 3
f/, ' -4 ; | F D > U T-VDJ library 3
3 Y
be visible at the bottom - o PAXgene * *
of the tube, this is 1:1 dilution Centrifuge Remove GEM-X Universal 5’ RNA ’ .
Store frozen at Protocol has been expected and normal - 4°C,500 g, 5min  superatant Gene Expression Thawh& Cell 5' GEX library 4
-20°C (overnight), (<30 pl left) was counting
| Hen-so'c tested for up to 4 sample should be L ) \’ Replicate 4
(long-term) freeze-tf?qw cycles We”—m'x_ed before *The 5’ workflow includes an additional wash s ]
and _add"t’ona’ _ processing. step compared to the Flex PAXgene workflow T-VDJ library 4
testing is on-going. (see: Are PAXgene Blood RNA tubes compatible
with GEM-X Flex v27?).
: ° PAXgene blood Thaw & wash “ Cell counting 5’ GEX library T-VDJ library
Two tubes of frozen PAXgene blood samples were thawed overnight at 4 C and i

enriched for leukocytes. Once resuspended and counted, the samples were split
into replicates and processed with the GEM-X Universal 5" V(D)J workflow.

Szl Estimated # Median Genes  Total Genes Median UMI #VDJ) Cells # Cells.with \{—J Single-cell gene expression and V(D)
of Cells per Cell Detected Counts per Cell Captured spanning pair sequencing metrics exhibited consistent
PAXgenel-1 13,208 1,021 27,564 2,707 2,360 1,595 cell recovery, gene expression
PAXgenel-2 13,505 1,033 27,719 2,742 2,344 1,553 performance, and V(D)J recovery.
PAXgene2-1 14,136 1,002 27,694 2,604 2,300 1,566 Although transcript complexity was lower
than PBMCs, sequencing performance
PAXgeneZ-Q 13,651 1,020 27,647 2,656 2,291 1,550 was hlghly reproducible across replicates
PBMC* 11,615 3,008 28,844 9420 4702 4500 and sufficient for downstream analysis.
* Not same donor or starting material
100%
90%
80%
. Cell-type composition was highly
consistent across four PBMC replicates.
p * CD14+ monocytes were the predominant
g 0% population (58-61%), while all other cell
= a0% subsets varied by <2 percentage points
30% between samples, demonstrating strong
0% reproducibility of cell recovery and cell-

10% 9% - 89 9% type representation.

PBMC1-1 PBMC1-2 PBMC2-1 PBMC2-2

0%

M B intermediate ™ B naive M CD4 Naive CDATCM ®mCD4TEM mCD8 Naive HEWCD8TEM m®CD14 Mono MECD16 Mono MEryth B NK ®Platelet B Treg

sample_id cell_label
t-SNE projection of single-cell
@ ASDC HSPC .
o Bintermediate ILC transcriptomes colored by sample (left)
Ve * o and cell type (right). Cells from all four
e deDcibiaies e Nkproliferating  ggmples showed substantial overlap,
e 1-1 ® CD4 Proliferating NK_CD56bright ] ] . o
3 o 12 § e CD4TCM Plasmablast indicating minimal batch effects and
5 latel . . ey g . L.
2z oy T Al g high technical reproducibility. Distinct
ChE Tom chel Immune cell populations were readily
@ CD8TEM @ cDC2 _ o ] _
® CD14 Mono dnT identified, demonstrating consistent
T e o recovery of major and minor blood cell
ki subsets across replicates.
tSNE1 tSNE1
: © 1o : ' ey
12.5 7 1 12.5 - -
L0 1 il 150 To quantitatively assess agreement
- 7.5 . ~ 7.5 . .
. co between technical replicates,
0 - 4 A+ 12.5
S ] | 55 ) pseudobulk gene expression profiles
oo) O\ GEmete 0.0 - £ 100 were generated by aggregating
150 ¢ | 15.0 expression counts across all cells within
w 7.5 H 1
125 - fﬂ | 12.5 - 4 each sample. Pairwise Pearson
_ 1001 }f 1 100 " o correlation analysis demonstrated
- 52, 1 N excellent reproducibility, with R2 values
e 4 5.0 2.5 .
- | . exceeding 0.99 across all samples.
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Expression in Batchl

The PAXgene workflow enabled reproducible single-cell gene expression and V(D)J profiling. Technical replicates showed highly
consistent cell recovery, gene expression, and V(D)J sequencing performance. Although transcript complexity and V(D)J recovery were

lower than in PBMC controls, all samples generated reproducible datasets with >27,500 genes detected and sufficient V(D)J coverage
for downstream analysis.
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