
Introduction
Most biological studies are done on populations of 
cells that may be morphologically and genetically 
identical but are actually heterogeneous, made up of 
individual cells with unique expression profi les. Thus, 
the measurements of nucleic acid and protein levels 
are an average representation of the pool of individual 
cells. Single-cell analysis allows the study of cell-to-
cell variation within a cell population (organ, tissue, 
cell culture). In addition, in-depth analysis of stem cell 
differentiation and cancer can only be accomplished with 
single-cell analysis. Isolation of single cells is typically 
accomplished using FACS, micro-aspiration methods, 
or laser capture microdissection. And, because of its 
sensitivity and dynamic range, RT-qPCR is typically used 
for expression analysis. Current protocols, however, are 
limited to interrogating only one analyte type (DNA, RNA 
or protein) at a time due to limited sample amount and 
different assay conditions. 
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Figure 1. Single-cell experimental workfl ow. Samples were processed 
and single cells were isolated by FACS and lysed in 10 µL lysing reagent. 
2 µL of each sample was used for mRNA and miRNA analysis, 4 µL for 
protein analysis, and 2 µL for DNA analysis. The TaqMan® Protein Assays 
Oligo Probe Kit (Cat. No. 4448549) was used to prepare the FUS-GFP PLA 
proximity probes.

Dr. Anders Ståhlberg and his colleagues at the University 
of Gothenburg, the TATAA Biocenter (Gothenburg, 
Sweden), and Thermo Fisher Scientifi c have addressed 
this limitation by developing a protocol that allows the 
analysis of multiple analytes in a single cell. This article 
describes how to effi ciently interrogate nucleic acids 
and protein together from a population of single cells 
using TaqMan® technology–based qPCR. Human cells 
were transiently transfected with FUS-GFP plasmid to 
demonstrate the effectiveness of the method. These 
data show that dynamic range, analytical sensitivity, 
and specifi city for measured miRNA, mRNA, DNA, and 
protein targets were accurate down to the single-cell 
level. Measurements used the same readout parameter 
(cycle quantifi cation, Cq), facilitating easy data analysis.



Materials and methods
Human fibrosarcoma cells lines (HT1080) were 
transfected with the expression vector FUS-GFP, which 
encodes a GFP-tagged human FUS (fused in sarcoma) 
protein. The FUS gene encodes a multifunctional 
protein that regulates gene activity through interacting 
with other proteins, RNAs, and DNA. Individual cells 
expressing GFP were isolated by FACS, and cells 
were lysed using an analyte-releasing lysis buffer as 
previously described [1]. Protein levels were measured 
with TaqMan® Protein Assays, and DNA, mRNA, and 
miRNA levels were measured using TaqMan® Assays as 
described [1,2]. The experimental workflow is shown in 
Figure 1. 

Results
TaqMan® Assay performance was measured by analyzing 
DNA, RNA, and protein levels in pools of 32 FACS cells 
down to a single FACS-isolated cell. All TaqMan® Assays 
(Table 1) were able to detect their target molecules down 
to the single-cell level. Figure 2 shows the dynamic 
range and analytical sensitivity (32 cells to 1 cell, n = 6) 
for each analyte in transfected and nontransfected cells. 
The profiles for the endogenously expressed RNAs in the 
control and transfected cells were comparable. When 
the curve for each analytical assay was compared to a 
dilution series generated from a larger number of cells 
(data not shown), it showed that variation increased when 
the number of cells decreased. This indicates biological 
variation (cell to cell) is greater than any technical 
variability, and that TaqMan® Assays are suitable to 
measure this level of biological variability. These data 
show that in addition to measuring mRNA and miRNA 
levels, Proximity Ligation Assays (PLA) with TaqMan® 
Assays can be applied to accurately quantify proteins in 
individual cells from a single lysate. 

Table 1. Targets and TaqMan® Assays.

Target name* Assay type Cat. No. Assay ID†  Accession‡

SNORD48 (RNU48) TaqMan® miRNA Assay 4427975 001006 NR_002745

hsa-miR-31 (MIR31) TaqMan® miRNA Assay 4427975 002279 MIMAT0000089

CCND1 TaqMan® Gene Expression Assay 4331182 Hs00277039_m1 NM_053056.2

FUS§ TaqMan® Gene Expression Assay 4331182 Hs01100219_m1
NM_001170937.1, NM_004960.3, 
NR_028388.2

FUS-GFP** TaqMan® Custom Assay 4334348 Ref. 1 Ref. 1

* Target name is the official NCBI or miRBase name.
† Assay ID is the unique ID for that assay.
‡ Accession is the accession number from miRBase or NCBI.
§ The FUS assay detects both the plasmid and the endogenous FUS transcript, because both primers are localized in the FUS sequence.
**  The FUS-GFP assay only detects the plasmid and its transcripts, because one primer is localized in the FUS sequence and the second primer is localized in the GFP 

sequence (for sequences see Ref. 1).



Figure 2. TaqMan® Assay performance. Analytical sensitivity and dynamic 
range is shown for 32 cells down to a single cell. GFP fluorescent HT1080 
cells transiently transfected with FUS-GFP plasmid (GFP+) and untrans-
fected controls (GFP–) were collected with FACS and analyzed by qPCR. Data 
were plotted as Cq mean and SD (n = 6) vs. number of cells. FUS-GFP DNA = 
FUS-GFP–encoding DNA; FUS-GFP mRNA = FUS-GFP–encoding mRNA.



As expected, protein concentration in single cells 
correlated very well with the GFP fluorescence measured 
by FACS in the same cell (Spearman correlation 
coefficient, r = 0.86; P < 0.001; Figure 3). Table 2 shows 
that the concentrations of analytes having a common 
origin, i.e., FUS-GFP protein, FUS-GFP DNA, and FUS-
GFP RNA, as measured by qPCR (TaqMan® Assays), 
correlated within individual cells (Table 2, P < 0.01). 
However, large variations were observed among 
individual cells (Figure 4) as a result of differences in 
transcription and translation efficiencies previously 
observed in individual cells. The FUS TaqMan® Assay 
detects the FUS-GFP plasmid DNA and mRNA. The 
number of FUS molecules correlates with all FUS-GFP 
analytes but most strongly with the FUS-GFP mRNA 
(Spearman correlation = 0.92), indicating that most 
molecules detected by the FUS TaqMan® Assay come 
from the transiently expressed expression plasmid. 
Moreover, the strong correlation observed between 
measurements of the different molecules indicates that 
TaqMan® Assays are measuring true biological events.

Figure 3. Analysis of protein concentration in single cells with variable 
FUS-GFP protein production. PLA-qPCR was run on FACS-sorted 
individual cells (GFP fluorescence measured as high, med, low). The FUS-
GFP protein concentrations correlated with GFP fluorescence measured 
by FACS (Spearman correlation coefficient = 0.86; P < 0.001). Note that 
some cells with no GFP fluorescence measured by FACS showed FUS-
GFP protein production above that of the negative protein control.

Figure 4. Distributions of analyte Cq values in single cells. Distributions 
of FUS-GFP protein, FUS-GFP DNA, FUS-GFP mRNA, FUS, CCND1, 
SNORD48, and miR31 in single cells with 4 different levels of GFP 
fluorescence (GFP high, GFP intermediate, GFP low, and no GFP) 
measured by FACS. Data are from the same single cells analyzed in 
Figure 3. NPC, negative protein control.



Conclusion
Dr. Ståhlberg and colleagues at the TATAA Biocenter 
and Thermo Fisher have developed a protocol for the 
common purification of analytes from a single cell. The 
single lysate was used to successfully and accurately 
measure nuclear and cytoplasmic localized small RNAs, 
mRNA, DNA, and protein using a single platform.
This workflow provides the advantage of measuring 
multiple types of analytes in a single cell using a 
single lysis reaction, thus enabling studies where 
measurement of protein and nucleic acids in a single cell 
are important (cellular response, intracellular networks, 
and protein/RNA/DNA correlation studies).

Benefits include:
• Simple workflow, minimal analyte loss

• Measurement of nucleic acids (mRNA, small RNAs, 
ncRNAs, DNA) and proteins in a single lysate

• Compatibility with current instrumentation and 
qPCR workflows

• Applied Biosystems® 7500 Fast, ViiA™ 7, and 
QuantStudio® 12K Flex real-time PCR systems 

• TaqMan® Gene Expression Assays, TaqMan® miRNA 
Assays, TaqMan® Protein Assays

• Analyte measurements use same output 
parameters (Cq)

• Ability to adapt to preamplification protocols 
to “stretch” the sample for multiple mRNA or 
miRNA analyses 

Table 2. Correlation between different analytes for all single cells with increasing GFP fluorescence intensity.a 

FUS-GFP
protein

FUS-GFP
DNAb

FUS-GFP
mRNA

FUS
DNA/RNA

CCND1
mRNA

MIR31
miRNA

SNORD48
ncRNA

FUS-GFP protein 1

FUS-GFP DNA 0.37** 1

FUS-GFP mRNA 0.31** 0.41** 1

FUS DNA/RNA 0.36** 0.44** 0.92** 1

CCND1 mRNA –0.11 –0.29** –016 0.10 1

MIR31 miRNA –0.10 –0.11 0.02 0.17 0.59** 1

SNORD48 ncRNA –0.10 –0.21  0.07 0.24* 0.71** 0.66** 1

a  Statistically significant Spearman correlation coefficients: **P < 0.01; *P < 0.05. The distribution for each analyte is shown in Figure 4. Number 
of single cells analyzed from each group: no GFP = 24, high GFP = 24, intermediate GFP = 24, low GFP = 19, and no protein control (NPC) = 3

b FUS-GFP DNA indicates FUS-GFP–encoding DNA; FUS-GFP mRNA indicates FUS-GFP–encoding mRNA.
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Ordering information

Product Cat. No.

TaqMan® MicroRNA Assay 4427975

TaqMan® Gene Expression Assay 4331182 

TaqMan® Protein Expression Core Reagents Kit 4405501

TaqMan® Protein Assays Oligo Probe Kit 4448549 

TaqMan® Universal PCR Master Mix  4304437

TaqMan® Universal Master Mix II  4440038

TaqMan® Fast Advanced Master Mix  4444557

Applied Biosystems® 7500 Fast Real-Time PCR System with Dell® Notebook 4351106

QuantStudio® 12K Flex System with 96-Well Block, Desktop 4471087

StepOnePlus™ Real-Time PCR System 4376600 

7500 Real-Time PCR System 4351104 

ViiA™ 7 Real-Time PCR System with 96-Well Block 4453534
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