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Abstract: Single-cell RNA sequencing(scRNA-seq) provides unprecedented resolution for delineat-
ing cellular heterogeneity. However, conventional scRNA-seq approaches are bottlenecked by high
cell loss rate, multicellular contamination, and high-cost. To address these limitations, we devel-
oped Well-Multi—seq, which integrates size exclusion and quasi-static hydrodynamics capture micro-
fluidic chip and cholesterol-modified oligonucleotide tag labeling strategy. This approach enables
scRNA-seq with high cell capture efficiency, low contamination, and low-cost. The microfluidic
chip overcomes the Poisson distribution limit, achieving high bead (94%) and cell (74%) occupancy
and high cell capture rate(87%) , thereby significantly improving cell utilization. Leveraging the sta-
ble insertion of cholesterol molecules into cell membranes, sample-barcoded oligonucleotide strands
are anchored onto the cell surface, allowing one-tube multiplexed sequencing of multiple samples.
This strategy not only drastically reduces reagent costs and simplifies experimental workflows but also
endows the system with the ability to identify and remove doublet contamination from the library. In
mixed human-mouse cell line sequencing, the sample labeling accuracy of this method reaches
92. 60% (human) and 95. 28%(mouse) , demonstrating its superior labeling specificity. Owing to its
multiple advantages, Well-Multi—seq is particularly suited for multiplexed analyses of rare cell types

such as circulating tumor cells and microneedle biopsy samples, as well as dynamic processes includ-
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ing drug screening and embryonic development, and is poised to become a powerful tool for basic re-
search and clinical diagnosis.

Key words: single-cell RNA-sequencing; microfluidic chip; sample multiplexing; cholesterol-
modified tag
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Fig. 1  Schematic diagram of the experimental workflow for sample pooling and demultiplexing in Well-Multi-seq
A: special triple—stranded structure carrying sample barcodes (i A7 FE SUBPRZE I FFIR =4E254) ) ; B: overall workflow of Well-Multi-seq, en-

compassing sample labeling, cell-microsphere pairing, co—capture, library construction, and high—throughput sequencing(Well-Multi—seq %%
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Fig. 2 Characterization of chip performance and capture efficiency in Well-Multi-seq

A: microscopic image of microwells on the chip, scale bar: 50 wm G R FLIRIAIZIED s B: schematic diagram of fluid flow within mi-
crofluidic channels. The color gradient and streamline thickness jointly represent the fluid flow velocity. Thicker streamlines and warmer colors in-

dicate higher flow velocity, while thinner streamlines and colder colors indicate lower flow velocity. The color scale at the bottom represents the
flow velocity ruler(fAT{AMIE A IIRAN AR I, 1 g pE R S AR A0 3 [ AR AT o T A B (v, (R T ik
B oA . Bk, REREHEAT, FOEPRRER); C: microscopic images of captured cells and bar plot of cell occupancy
rate (ZMIEHLE R 2k 0 BB EUS AN A R 252D 5 D microscopic images of captured microspheres and bar plot of microsphere occu-

pancy rate (SERPS FrAl AR 00 B G AIRER 5 RSB ; E: bar plot of cell capture efficiency (MR R S TEIE])
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Fig. 3 Characterization of cell labeling stability of the triple-stranded structure in Well-Multi—seq
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