
Bio5488, Spring 2021, Assignment 7  S. Morris: Single-cell genomics problem set 
 

Assignment 7: Demultiplexing single-cell RNA-seq based on expressed 

cell barcodes 

Due date: 3/27/2021 12am (midnight) 

 

Overview 

In any sequencing-based analysis strategies, errors are introduced via PCR during library 

preparation and subsequent sequencing. This is particularly true in single-cell RNA-sequencing 

(scRNA-seq) where initial cDNA libraries undergo multiple rounds of PCR amplification. In this 

problem, we will demultiplex a mixture of single cells tagged with two distinct ‘CellTag’ barcodes, 

introduced via lentivirus and expressed as transcripts that are detected in each single-cell 

transcriptome (see references1,2 for more background). You will initially assign cells to their 

sample group based on their CellTag expression. You will then attempt to assign any initially 

ambiguous ‘non-determined’ cells which have errors in their CellTag sequence.  

In this problem, cells express one of two 7-nucleotide CellTags: 

Control: ATGTTGC 

Treatment: GATTACA 

 

Notes: 
Generation of the dataset (call.matrix.csv) used for this problem. 

- scRNA-seq, followed by extraction of CellTag expression in each cell, based on the CellTag 

motif, 'GGT[ACTG]{7}GAATTC' 

- For CellTag expression to be reported, must be represented by 2 or more transcripts 

(represented by independent UMIs) 

 

Example: 

Cell barcode ATGTTGC GATTACA ATGTAGC GTGTAGC 

ACAGCTACAAACGTGG 52 0 1 0 

AAACGGGCACTTAAGC 1 45 0 0 

AGCCTAAAGCGTCTAT 63 0 0 0 

AAACGGGCATCTATGG 0 74 0 0 

CATCAAGCACCAGATT 0 23 0 0 

 

- CellTag expression per cell is then binarized in this problem, for simplicity 

Example: 

Cell barcode ATGTTGC GATTACA ATGTAGC GTGTAGC 

ACAGCTACAAACGTGG 1 0 0 0 

AAACGGGCACTTAAGC 0 1 0 0 

AGCCTAAAGCGTCTAT 1 0 0 0 

AAACGGGCATCTATGG 0 1 0 0 

CATCAAGCACCAGATT 0 1 0 0 



Bio5488, Spring 2021, Assignment 7  S. Morris: Single-cell genomics problem set 
 

 

In a typical scRNA-seq dataset, we would be analyzing 10,000’s of single cells. For simplicity, in 

this problem we are focusing on a small subset of 50 cells. 

1. Write a Python script, demultiplex.py, to assign cells to one of three groups: Control, Treatment, 

and non-determined (defined as either not expressing CellTags, or expressing CellTags that are 

not an exact match to the above sequences). How many cells are assigned to each group? 

2. Focusing on the non-determined cell group, modify demultiplex.py, incorporating an edit 

distance of 1, to assign cells to one of three groups: Control, Treatment, and non-determined. 

How many cells are assigned to each group? 

3. Suggest three different strategies (either computational or experimental) to maximize the 

proportion of cells that can be assigned to Control and Treatment groups. 

 

What to Turn In: 

⚫ README.txt 

⚫ demultiplex.py 

➢ Write the shebang line: #!/usr/bin/env python3 

➢ Write doc strings which introduce what inputs and outputs are 

➢ Exit if the number of input parameters is not correct 

➢ Comments 
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