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TECHNICAL NOTE 
Importance of Cell Stock Concentration for Accurate 
Target Cell Recovery  

INTRODUCTION 

10x Genomics® Single Cell Protocols require suspensions of viable, single cells (Single Cell Protocols – Cell 
Preparation Guide - CG00053). Accurate counting and assessment of cell viability are required as part of the 
workflow outlined in the Single Cell Protocols (Chromium™ Single Cell 3’ Reagent Kits v2 User Guide – CG00052, 
Chromium™ Single Cell V(D)J Reagent Kits User Guide – CG000086) and are essential to determine the number 
of cells loaded onto the microfluidic chip for single cell partitioning. Manual (e.g. hemocytometer) and 
automated (e.g. Countess® II Automated Cell Counter) counting methods are common techniques to determine 
cell concentrations. A number of factors can affect the final cell count (Technical Note Guidelines for Accurate 
Target Cell Counts Using 10x Genomics Single Cell Solutions – CG000091). This Technical Note highlights cell 
stock concentration as one factor that can impact the accuracy of the final cell count and ultimately, the 
agreement between targeted and calculated cell recovery. 

 

METHODS 

We prepared four different single cell suspensions from HEK293T cells, each at the following cell 
concentrations: 

• Cell Suspension #1: 340 cells/µl 
• Cell Suspension #2: 500 cells/µl 
• Cell Suspension #3: 780 cells/µl 
• Cell Suspension #4: 1180 cells/µl 

Samples were counted in four replicates with the Countess II Automated Cell Counter. For each single cell 
suspension, we prepared three Chromium Single Cell 3’ v2 libraries with different target cell counts (1000, 3000 
and 5000 cells) following the protocol outlined in the Chromium Single Cell 3’ Reagent Kits v2 User Guide – 
CG00052 (see Table 1).  

 

RESULTS 

To assess the impact of different cell stock concentrations on cell recovery rates, we compared the Estimated 
Number of Cells reported by Cell Ranger with the targeted cell counts for each sample (see Figure 1). The 
difference between the targeted and calculated number of recovered cells is listed for each sample.  Barcode 
Rank plots are also presented which illustrate the distribution of barcodes, ranked according to the number of 
UMIs that are associated with each barcode. Note that each cell partition is represented by a unique barcode. 
The y-axis represents the number of UMI counts that is associated with each barcode that is presented at the 
x-axis. Each barcodes are ranked from left to right based on the decreasing number of UMI counts associated 
for a given barcode. Cell-containing partitions are shown in green. Background partitions are shown in grey. 
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Cells 
Targeted 

Volume Added to RT 
Master Mix 

Cell Suspension #1 

(340 cells/µl) 

Cell Suspension #2 

(500 cells/µl) 

Cell Suspension #3 

(780 cells/µl) 

Cell Suspension #4 

(1180 cells/µl) 

1000 
Cells 5.1 µl 3.5 µl 2.2 µl 1.5 µl 

Water 28.7 µl 30.3 µl 31.6 µl 32.3 µl 

3000 
Cells 15.3 µl 10.4 µl 6.7 µl 4.4 µl 

Water 18.5 µl 23.4 µl 27.1 µl 29.4 µl 

5000 
Cells 25.5 µl 17.3 µl 11.2 µl 7.4 µl 

Water 8.3 µl 16.5 µl 22.6 µl 26.4 µl 

Table 1. Cell suspension and water volumes used for different cell suspensions to achieve three different cell target recovery counts. 

 

Cells 
Targeted 

Cell Suspension #1 

(340 cells/µl) 

Cell Suspension #2 

(500 cells/µl) 

Cell Suspension #3 

(780 cells/µl) 

Cell Suspension #4 

(1180 cells/µl) 

1000 

    

773 cells recovered 

∆ -227 cells 

897 cells recovered 

∆ -103 cells 

1104 cells recovered 

∆ +104 cells 

952 cells recovered 

∆ -48 cells 

3000 

    

2503 cells recovered 

∆ -497 cells 

2709 cells recovered 

∆ -291 cells 

3445 cells recovered 

∆ +445 cells 

3146 cells recovered 

∆ +146 cells 

5000 

    

4114 cells recovered 

∆ -886 cells 

4601 cells recovered 

∆ -399 cells 

5321 cells recovered 

∆ +321 cells 

5136 cells recovered 

∆ +136 cells 

Fig. 1. Ranked Barcode plots for all 12 libraries were prepared from four cell suspensions with different target cell counts. 

 

Libraries were sequenced using paired-end sequencing (26bp Read 1 and 98bp Read 2) with a single sample 
index (8bp i7) on an Illumina® HiSeq® 4000 platform with approximately 5000 reads per cell. The resulting 
sequencing data was processed with Cell Ranger™ 2.0. 
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We determined the relative difference in the number of recovered cells calculated by Cell Ranger™ vs. the 
targeted cell counts for each library (Figure 2). Cell Suspensions #1 (340 cells/µl) and #2 (500 cells/µl) showed 
the greatest deviation from the targeted cell counts, 16 – 23% and 8 – 10% respectively. Target accuracy was 
improved with cell suspensions that were prepared at higher stock concentrations, Cell Suspensions #3 (780 
cells/µl) and #4 (1180 cells/µl). 

 

Fig 2. Relative difference of recovered cells from targeted cell counts. 

 

The total number of cells required as input for 10x Genomics® Single Cell Solutions is determined by the User 
and their target for number of recovered cells. It is recommended that, for each assay, the input cell suspension 
be prepared to a concentration that allows pipetting of the desired number of cells in 2.5 µl to 15 µl. Transferring 
cell suspension volumes less than 2.5 µl increases variance due to pipetting inaccuracy, while using volumes 
larger than 15 µl increases the risk of introducing unwanted debris or inhibitors into the reactions.  

We examined the relationship between the volume of single cell suspension added to the Master Mix for each 
Cell Suspension (#1-4) with the relative difference in the calculated recovered cells from the targeted number 
of cells (Figure 3). Expected cell recovery appeared positively correlated with both the input cell concentration 
and the volume of cells transferred into each reaction. Note that the lowest, targeted cell load (1000 cells) for 
Cell Suspension #4 required pipetting 1.5 µl into the Master Mix, which resulted in a 5% difference between the 
number of expected and recovered cells.  
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Fig. 3. Relative difference of recovered cells from expected cells as a function of the volume of single cell suspension added to the Master Mix. 

 

DISCUSSION 

Libraries were made from HEK293T cells at different cell stock concentrations. The impact of initial cell 
concentration on cell recovery targets was assessed in the analysis of sequencing data. To achieve the targeted 
number of recovered cells, the optimal input cell stock concentration was found to be between 700 and 1200 
cells/µl. Cell suspensions that are outside this optimal concentration range may result in unreliable cell counts. 
If samples are outside this range, we recommend adjusting the cell stock concentrations accordingly. If the 
concentration is below this range, the number of cells counted may not accurately represent the total cell count. 
For example, if only 100 cells are counted, the variation can be as high as 10%. A 10% or higher variation in 
recovered cells will contribute to an unexpected deviation seen in the estimated number of cells reported by 
Cell Ranger™. If the concentration is above the range specified here the cells may be difficult to count. 

 

CONCLUSION 

Targeting the optimal cell number for analysis in 10x Genomics® Single Cell applications is dependent on 
multiple factors including the cell stock concentration. To minimize variability in cell counts loaded onto the 
microfluidic chip and to obtain an accurate recovered cell count, cell stock concentrations should be within the 
optimal range specified in this Technical Note. Adhering to the best practices described here will improve 
overall agreement of targeted cell counts and cell counts calculated by Cell Ranger. 
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Notices 
 

Document Number 

CG00127 Rev A Technical Note 

 

Legal Notices  

© 2017 10x Genomics, Inc. All rights reserved. Duplication and/or reproduction of all or any portion of this document 
without the express written consent of 10x Genomics, Inc., is strictly forbidden. Nothing contained herein shall 
constitute any warranty, express or implied, as to the performance of any products described herein. Any and all 
warranties applicable to any products are set forth in the applicable terms and conditions of sale accompanying the 
purchase of such product. 10x Genomics provides no warranty and hereby disclaims any and all warranties as to the 
use of any third party products or protocols described herein. The use of products described herein is subject to 
certain restrictions as set forth in the applicable terms and conditions of sale accompanying the purchase of such 
product. “10x”, “10x Genomics”, “Changing the Definition of Sequencing”, “Chromium”, “GemCode”, “Loupe”, “Long 
Ranger”, “Cell Ranger” and “Supernova” are trademarks of 10x Genomics, Inc. All other trademarks are the property 
of their respective owners. All products and services described herein are intended FOR RESEARCH USE ONLY and 
NOT FOR USE IN DIAGNOSTIC PROCEDURES.  

The use of 10x Product(s) in practicing the methods set forth herein has not been validated by 10x, and such non-
validated use is NOT COVERED BY 10X STANDARD WARRANTY, AND 10X HEREBY DISCLAIMS ANY AND ALL 
WARRANTIES FOR SUCH USE.  

Nothing in this document should be construed as altering, waiving or amending in any manner 10x Genomics, Inc., 
terms and conditions of sale for the Chromium™ Controller, consumables or software, including without limitation 
such terms and conditions relating to certain use restrictions, limited license, warranty and limitation of liability, and 
nothing in this document shall be deemed to be Documentation, as that term is set forth in such terms and conditions 
of sale. Nothing in this document shall be construed as any representation by 10x Genomics, Inc that it currently or 
will at any time in the future offer or in any way support any application set forth herein.  

 

 

Customer Information and Feedback  

For technical information or advice, please contact our Customer Technical Support Division online at any time.  

Email: support@10xgenomics.com  

10x Genomics 7068 Koll Center Parkway  

Suite 401  

Pleasanton, CA 94566 USA 


