
 
Application​ ​Note 

 

Simultaneous​ ​analysis​ ​of​ ​protein​ ​and​ ​transcripts 
Combined​ ​single​ ​cell​ ​sorting​ ​and​ ​deep​ ​sequencing​ ​reveals​ ​ILC​ ​plasticity  

 

Summary  
Single-cell RNA-Sequencing (scRNA-Seq) is a new and incredibly powerful technique for elucidating the             
heterogeneity and function of biological systems, with unprecedented resolution. However, current software tools             
used for discovery of transcriptional profiles are assay-specific, require coding expertise, or facilitate only a limited                
depth of analysis. Herein, we detail a meta-analysis combining surface protein and transcript data, to discover                
expression​ ​profiles​ ​between​ ​cell​ ​types. 
 

Innate Lymphoid Cells (ILCs) are part of the early immune response, and have a role in homeostasis and                  
inflammation. Recent studied have called into question the definition of ILC subpopulations and their              
heterogeneity.​2​ ​​ ​​We​ ​show​ ​here​ ​that​ ​ILC​ ​populations​ ​are​ ​much​ ​more​ ​plastic​ ​than​ ​previously​ ​appreciated. 

Experimental​ ​Methods​ ​Summary 
Raw data was generously provided by collaborators, Björklund et al, of the Karolinska Institute, who were                
interested​ ​in​ ​expanding​ ​the​ ​current​ ​understanding​ ​of​ ​ILC’s​ ​role​ ​in​ ​gut​ ​health.​3 
 

Human ILCs from adenoid tissues (helper groups 1-3 and NK) were index sorted using conventional FACS, and                 
sequenced​ ​using​ ​the​ ​SMART-Seq2​ ​protocol.​ ​Generating​ ​>64,000​ ​gene​ ​transcript​ ​parameters.  

Analysis 
Flow cytometry analysis was performed in FlowJo® followed by combination and meta-analysis in SeqGeq™.              
Sequencing data was normalized using the ComBat protocol, in order to reduce batch effects from different runs.​4                 
Using the cell ID columns in common with both FACS and Sequencing data-sets, data files were merged to create                   
a single, CSV data file with flow cytometry and single cell gene expression data. That data file was then imported                    
for​ ​analysis​ ​into​ ​SeqGeq. 
 
Flow​ ​Cytometry​ ​Analysis 
Gating described by Mjoesberg et al was performed to obtain ILC subsets, using FACS parameters, as seen in                  
Figure​ ​1.​5 

  

Figure​ ​1​ ​-​ ​Gating​ ​ILCs​ ​by​ ​phenotype. 

 



 

Tech-Note​:​ ​If​ ​you​ ​have​ ​a​ ​CSV​ ​file​ ​containing​ ​new​ ​parameter​ ​column​ ​and​ ​a​ ​“cell​ ​ID”​ ​column,​ ​which​ ​matches​ ​the​ ​cell​ ​ID 
column​ ​in​ ​your​ ​scRNA-Seq​ ​data​ ​file,​ ​you​ ​can​ ​simply​ ​drag​ ​and​ ​drop​ ​that​ ​CSV​ ​file​ ​onto​ ​your​ ​corresponding​ ​data​ ​in​ ​SeqGeq 
to​ ​​automatically​​ ​join​ ​or​ ​“stitch”​ ​these​ ​data​ ​matrices​ ​together. 

 

Transcript​ ​Analysis 
During scRNA-Seq protocol, much of the true transcription signal is obscured in the process of amplification. In                 
order to find gene parameters expressed significantly above this noise, a statistical technique developed by               
Brennecke et al, was employed in R.​6 This yielded 847 genes said to be differentially expressed above statistical                  
noise. 

Tech-Note: ​Given the number of parameters generated in scRNA-Seq experiments, dimensionality reduction is a key tool                
for characterizing and discovering cell populations.​8 SeqGeq has comprehensive suite of dimensionality reduction tools,              
the​ ​results​ ​of​ ​which​ ​can​ ​be​ ​explored​ ​and​ ​gene​ ​sets​ ​extracted.  

 
Dimensionality reduction, using principal component analysis (PCA) was performed on those 847 parameters.             
Principle components were then used to generate clusters in t-SNE​7 parameters, and overlaid with phenotypes               
defined by flow cytometry (Figure 2). More than 10% of events were found to lie outside clusters predicted by                   
FACS analysis, implying functional plasticity among these subsets, as their phenotype did not strictly match their                
transcriptional​ ​profile.  

Figure 2 - t-SNE clustering mapped by surface protein phenotype. Cells whose transcriptional profile is discordant with cluster                  
predicted​ ​by​ ​phenotype​ ​are​ ​highlighted​ ​in​ ​blue. 

Differential​ ​Expression  
A pivot analysis was used to assess differential expression of genes from each phenotype as defined in FACS,                  
with​ ​respect​ ​to​ ​the​ ​rest​ ​of​ ​the​ ​data-set​ ​in​ ​Figure​ ​3a. 

Tech-Note: The pivot function in SeqGeq allows researchers to quickly investigate normalized expression of all genes in a                  
data matrix with respect to two populations, viewed on the x and y axes. These genes can be gated, creating new gene                      
sets,​ ​which​ ​can​ ​be​ ​investigated​ ​further. 
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Figure 3 (a) Gating of the top 15 most differentially expressed genes for each ILC phenotype. (b) ILC subsets were heatmapped                     
versus​ ​these​ ​gene-sets​ ​in​ ​order​ ​to​ ​confirm​ ​their​ ​significance​ ​in​ ​figure​ ​3-b. 

Characterization 
As a final piece in the analysis process, these genes of interest were investigated individually in the available                  
literature, with a particular interest in their association with our phenotypes of interest, and known or undescribed                 
immune​ ​functions.​ ​Illustrated​ ​in​ ​Figure​ ​4.  

Figure​ ​4.​ ​ILC​ ​Gene​ ​Sets.​ ​Showing​ ​genes 
differentially​ ​expressed​ ​in​ ​each​ ​indicated​ ​cell 
population,​ ​categorized​ ​by​ ​reported​ ​in​ ​literature, 
unreported,​ ​and​ ​unreported​ ​immune​ ​genes. 
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Discussion 
Genes​ ​differentially​ ​expressed​ ​in​ ​each​ ​of​ ​the​ ​ILC​ ​phenotypes​ ​open​ ​the​ ​door​ ​to​ ​future​ ​research​ ​topics.​ ​Notably,​ ​we 
uncovered​ ​genes​ ​corresponding​ ​to​ ​surface​ ​receptors​ ​not​ ​yet​ ​characterized​ ​in​ ​ILC​ ​subsets,​ ​and​ ​those​ ​not​ ​yet 
associated​ ​with​ ​immune​ ​functions.  
 
Some​ ​unexpected​ ​immune​ ​genes​ ​found​ ​in​ ​group​ ​1​ ​ILCs​ ​are​ ​characteristic​ ​of​ ​helper​ ​T-cells,​ ​and​ ​further 
investigation​ ​of​ ​these​ ​cells​ ​is​ ​warranted,​ ​given​ ​a​ ​current​ ​controversy​ ​regarding​ ​whether​ ​ILC1​ ​are​ ​in​ ​fact​ ​T-cells.​2​​ ​In 
a​ ​broader​ ​sense,​ ​this​ ​illustrates​ ​the​ ​power​ ​of​ ​single​ ​cell​ ​RNA​ ​sequencing. 
 
SeqGeq​ ​is​ ​a​ ​powerful​ ​tool​ ​in​ ​the​ ​hands​ ​of​ ​any​ ​researcher,​ ​to​ ​quickly​ ​and​ ​intuitively​ ​explore​ ​single​ ​cell​ ​gene 
expression​ ​data. 
 
 
Resources 
Sign​ ​up​ ​for​ ​a​ ​free​ ​30​ ​day​ ​trial​ ​of​ ​SeqGeq:​ ​​www.flowjo.com/solutions/seqgeq/free-trial 
 
Access​ ​SeqGeq​ ​software​ ​here​:​ ​​www.flowjo.com/solutions/seqgeq 
 
This​ ​entire​ ​dataset​ ​is​ ​publicly​ ​available​:​ ​​tinyurl.com/taylorilcs 
 
SeqGeq​ ​documentation​:​ ​​docs.flowjo.com/seqgeq 
 
If​ ​you​ ​have​ ​questions​ ​about​ ​this​ ​software​ ​please​ ​write​ ​to​ ​SeqGeq​ ​technical​ ​support​:​ ​​seqgeq@flowjo.com 
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