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About Vireo

This document gives an introduction and usage manual of Vireo (Variational
inference for reconstructing ensemble origins), a Bayesian method to demultiplex
pooled scRNA-seq data without genotype reference.

Many single-cell genomics studies can be enhanced by multiplexing donors, where
cells from multiple genetically distinct individuals (“donors”) are assayed
together in a mixed population. Such experimental designs can be powerful for
reducing cost of studies assaying cells from many donors and for enabling
robustness to inevitable batch effects.

When cells from multiple donors are mixed together, the donors that each cell
origins are unknown at the time of sequencing. However, natural genetic
variation (specifically, single nucleotide polymorphisms, SNP) act as natural
barcodes capturing the donor identity of each cell. Appropriate computational
methods, such as Vireo here, can infer the donor identity for each cell and thus
“demultiplex” a population of cells from multiple donors in preparation of the
dataset for further downstream analysis.

Vireo can use variant information extracted from single-cell RNA-seq data, which
can be most platforms, including droplet, 10X genomics, smart-seq, to
probabilistically assign single-cell transcriptomes to specific donor
individuals, and to detect doublets that are from two different donors.
Crucially, Vireo does not require any genotype reference for input donors to
demultiplex, but keeps a flexibility to use the genotype information if it is
available in any sub set or all donors.

Briefly, Vireo is a Bayesian hierarchical model, where the donor identity of
each cell and the genotype of each donor is unknown variables. In addition,
binomial base model is applied to model the minor allele reads distribution,
which also accounts for the sequencing errors. A mean field variational
inference is employed here approximate the joint posterior distribution of cell
identity, donor genotype, and the minor allele rates.

The input data are two matrices, A and D for ALT and depth (i.e. ALT + REF),
respectively, and the size in a typical experiment is 10,000 common SNPs across
10,000 cells. Computation on this size won’t be fast, however, this data set is
highly sparse (~99% missing values). Our impeletation of Vireo takes the
benefits of sparse matrix, hence largely saves memory space and computing time.




Quick Resources

Latest version on GitHub
https://github.com/huangyh09/vireo

Scripts for simulation
https://github.com/huangyh09/vireo/tree/master/simulate

All releases
https://pypi.org/project/vireoSNP/#history




Issue reports

If you find any error or suspicious bug, we will appreciate your report.
Please write them in the github issues:
https://github.com/huangyh09/vireo/issues
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Genotyping

Genotyping (or piling up) a list of common variants on all cells is the first
step for demultiplexing with Vireo. This step requires some bioinformatics
efforts, but thanks to many developers in this community, there are a few
good existing software to use.

Genotyping cells can be divided into the following two sub-steps, and in
different situations, the strategy may need to be optimised for a
high quality genotyping data to demultiplex cells.

Recommended strategies for genotyping cells:


	For human or genotyped species: variant list [https://sourceforge.net/projects/cellsnp/files/SNPlist/] (given) + cellSNP [https://github.com/huangyh09/cellSNP] (typing).


	For species without known common variants: freebayes [https://github.com/ekg/freebayes] (calling) + cellSNP [https://github.com/huangyh09/cellSNP]
(typing)





1. Identify candidate SNPs

There are multiple ways to identify candidate SNPs, each has unique properties
and may suit situations or species differently. Here, we listed two common
strategies.

Option 1): using a common variants

The best way is to genotype the each of the pooled samples either by genotyping
array or exome/genome/RNA sequencing (or other omics data), and use this list of
distinguish variants to as candidate to genotype each cell. However, this can
be costly, and not necessary in most cases.

For human, a very comprehensive list of common variants have been identified
by international efforts, e.g., 10000 genome project [http://www.internationalgenome.org/] and gnomAD [https://gnomad.broadinstitute.org/] which gives
a few millions common SNPs to genotype on each cell. The benefits include the
reduced confounders, e.g., caused by RNA editing. We normally recommend this if
for human, and we provide some pre-processed SNP list [https://sourceforge.net/projects/cellsnp/files/SNPlist/].

Option 2): Calling variants from scRNA-seq

Other than human, most species may not have a well-defined common variants,
hence the best way is to call the variants from pooled scRNA-seq directly.

The package freebayes [https://github.com/ekg/freebayes] is an often choice, which designed to find small
polymorphisms, specifically SNPs, indels, MNPs, and complex events smaller than
the length of a short-read sequencing alignment. Importantly, freebayes [https://github.com/ekg/freebayes] has
a set of options to filter reads and variants.

Alternatively, cellSNP [https://github.com/huangyh09/cellSNP] has a similar feature (still under development) to
pileup the whole genome and identify the heterozygous variants in the pooled
samples. However, this mode doesn’t have a sophisticated model and filtering
strategy for indentifying candidate SNPs, and may struggle with confounders
from RNA editing.




2. Genotype each cell

Once a list of candidate variants are found, it is more straightforward to
genotype each cell. We provide three common methods, with recommendation to
cellSNP, which is developed by us.


	The famous mpileup [http://www.htslib.org/doc/bcftools.html] from bcftools / samtools is often a good choice. However,
this can be slow, as it doesn’t allow parallel  computing and it doesn’t
support the cell barcodes and UMI tag in the pooled BAM file for many cells.


	This limitation motivates us to develop cellSNP [https://github.com/huangyh09/cellSNP], a pysam wrap to pile up the
variants in each cell. The benefits include parallel computing, taking cell
barcoding tag and support UMIs.


	Alternatively, vartrix [https://github.com/10XGenomics/vartrix] is also an option to genotype cells in 10x Genomics
data.




Once the genotype (mainly pileup) has been achieved, it can be used to
demultiplex the pooled cells, see the manual [https://vireosnp.readthedocs.io/en/latest/manual.html].







          

      

      

    

  

    
      
          
            
  
Installation

Required packages in python: numpy>=1.9.0, scipy>=1.0, matplotlib

Environment: we only tested Vireo in Python 3 environment, so if it
fails in Python 2, please try it in Python 3 before reporting the issue.

We recommend using Anaconda [http://continuum.io/downloads] distribute to set up the environment. It not only
includes all dependent packages, but also provides a user controlled
environment, namely, you will have the root permission for this distribution,
including installation of any package.


Easy install from PyPI

You can install Vireo simply via PyPI [https://pypi.org/project/vireoSNP] in terminal (suggested), or upgrade
by adding --upgrade as follows:

pip install vireoSNP

pip install --upgrade --no-deps vireoSNP








Install from source code

Alternatively, you can download the source code from GitHub [https://github.com/huangyh09/vireo] (for the
latest version) and run python setup in terminal:

wget https://github.com/huangyh09/vireo/archive/master.zip
unzip master.zip
cd vireo-master

python setup.py install





In any case, if had the permission error for installation as you are not root,
add --user.




Quick check

In order to test the installation, you could type vireo in terminal. If
successfully installed, you will see the following output.

Welcome to vireoSNP v0.1.1!

use -h or --help for help on argument.





If installation is sucessful, but can’t run it (e.g., message below), then
check whether the directory which contains the executable binary file is added
to PATH environment.

vireo: command not found





If using Anaconda, the executable vireo is located in
$anaconda3/bin/vireo.
If not using Anaconda, it is usually located in directory ~/.local/bin. You
could add the path into PATH environment variable, by write the following line
into .profile or .bashrc file.

export PATH="~/.local/bin:$PATH"











          

      

      

    

  

    
      
          
            
  
Manual

Demultiplexing requires two count matrices (variant-by-cell) of reads or UMIs
for each variant in each cell: AD for alternative allele and DP depth
(i.e., summary of alternative and reference alleles). These two matrices can be
obtained by genotyping a list of variants in each cell. We provide a guideline
for cellular genotyping [https://vireoSNP.readthedocs.io/en/latest/genotype.html] with a recommendation of cellSNP [https://github.com/huangyh09/cellSNP] that is developed by
us, too.

Once the genotypes for each cell have been obtained, e.g., in VCF format, or two
sparse matrices AD and DP, we can apply Vireo for demultiplexing.


Demultiplexing single cells

By default, Vireo works without any known genotype information for pooled
samples. However, if any of genotype of these samples are known or can be
obtained, e.g., by bulk RNA-seq, exome-seq, it is still useful to add them, not
only allowing us to align the deconvoluted samples to its identity, but also can
benefits the doublets identification, especially if the coverage or the loaded
cells per sample is low.

Depending the availability of genotype information, we provide four strategies
to demultiplex scRNA-seq data.


	without any genotype:

vireo -c $CELL_DATA -N $n_donor -o $OUT_DIR







	with genotype for all samples (genoTag: GT, GP, or PL; default is PL, please
choose the existing one)

vireo -c $CELL_DATA -d $DONOR_GT_FILE -o $OUT_DIR





Optionally, -N can be provided if it is samller than that in DONOR_GT_FILE
for finding the relevant subset of donors.

Note For efficient loading of donor VCF file, we recommend subset it
bcftools view donor.vcf.gz -R cellSNP.cells.vcf.gz -Oz -o sub.vcf.gz
Also, add -s or -S for subsetting samples.



	with genotype for part of the samples (n_donor is larger than that in
DONOR_GT_FILE)

vireo -c $CELL_DATA -d $DONOR_GT_FILE -o $OUT_DIR -N $n_donor







	with genotype but not confident (or only for subset of SNPs)

vireo -c $CELL_DATA -d $DONOR_GT_FILE -o $OUT_DIR --forceLearnGT









Viroe supports the cell data in three formats:


	a cellSNP output folder containing VCF for variants info and sparse matrices
AD and DP (recommended)


	standard VCF file with variants by cells


	Vartrix outputs with three files: alt.mtx,ref.mtx,barcodes.tsv





Vireo full arguments

Type vireo -h for details of all arguments:

Usage: vireo [options]

Options:
   -h, --help            show this help message and exit
   -c CELL_DATA, --cellData=CELL_DATA
                           The cell genotype file in VCF format or cellSNP folder
                           with sparse matrices.
   -N N_DONOR, --nDonor=N_DONOR
                           Number of donors to demultiplex; can be larger than
                           provided in donor_file
   -o OUT_DIR, --outDir=OUT_DIR
                           Dirtectory for output files [default:
                           $cellFilePath/vireo]

Optional input files:
   --vartrixData=VARTRIX_DATA
                           The cell genotype files in vartrix outputs (three
                           files, comma separated): alt.mtx,ref.mtx,barcodes.tsv.
                           This will suppress cellData argument.
   -d DONOR_FILE, --donorFile=DONOR_FILE
                           The donor genotype file in VCF format. Please filter
                           the sample and region with bcftools -s and -R first!
   -t GENO_TAG, --genoTag=GENO_TAG
                           The tag for donor genotype: GT, GP, PL [default: PL]

Optional arguments:
   --noDoublet         If use, not checking doublets.
   -M N_INIT, --nInit=N_INIT
                           Number of random initializations, when GT needs to
                           learn [default: 50]
   --extraDonor=N_EXTRA_DONOR
                           Number of extra donor in pre-cluster, when GT needs to
                           learn [default: 0]
   --extraDonorMode=EXTRA_DONOR_MODE
                           Method for searching from extra donors. size: n_cell
                           per donor; distance: GT distance between donors
                           [default: distance]
   --forceLearnGT      If use, treat donor GT as prior only.
   --ASEmode           If use, turn on SNP specific allelic ratio.
   --noPlot            If use, turn off plotting GT distance.
   --randSeed=RAND_SEED
                           Seed for random initialization [default: none]










Discriminatory variants

Given a set of variants for which estimated genotypes are available, the Vireo
software implements a heuristic to define a minimal and informative set of
discriminatory variants. This set of variants can be used to perform qPCR-based
genotyping or for other targeted genoytping methods. Briefly, this algorithm
prioritises variants with largest information gain in splitting samples.

For any donor genotype file in VCF format, especially the output from Vireo,
GT_donors.vireo.vcf.gz, the GTbarcode function can be used to generate
the minimal set of discriminatory variants by the following command line:

GTbarcode -i $dir/GT_donors.vireo.vcf.gz -o $dir/GT_barcodes.tsv --randSeed 1





By default, this function filters out variants with <20 UMIs or >0.05 reads
aligned other alleles except the annotated reference and alternative alleles.
In case the variants with homozygous alternative alleles are not wanted, the
arguments --noHomoAlt can be used. By default, this GTbarcode function
will also generate a figure for the identified genotype barcode, as following
(based on example data in the repo),

[image: identified discriminatory variants]



vireoSNP module usage

Besides the command line usage for designed donor deconvolution, we also provide
tutorials on the usage of vireoSNP as a standard Python module for both donor
deconvolution and general cell clustering based on allelic ratio:
vireoSNP_usage.ipynb [https://github.com/single-cell-genetics/vireo/blob/master/examples/vireoSNP_usage.ipynb]




Example data

In order to test vireo and illustrate the usage, we provide a test data set [https://github.com/huangyh09/vireo/tree/master/data],
also some demo scripts [https://github.com/huangyh09/vireo/blob/master/examples/demo.sh].

This example data set contains 952 cells from 4 samples. The genotypes for these
four samples are also provided.







          

      

      

    

  

    
      
          
            
  
History


Release v0.2.3 (22/03/2020)


	Fix a minor bug in donor_select()







Release v0.2.2 (21/03/2020)


	Change GP_prob’s shape from (n_var, n_GT, n_donor) to (n_var, n_donor, n_GT)


	Restructure the codes for further upgrading


	Minor fix the GT_plot xlim and ylim







Release v0.2.1 (30/01/2020)


	Fix a bug when the donors in the input GT is smaller than donors in the pooled
scRNA-seq. The sample id is now corrected.







Release v0.2.0 (28/01/2020)


	Support SNP specific allelic ratio, namely theta parameters. Note, SNP based
ASE mode requires a much stronger prior on theta to avoid overfitting, as each
variant has very low number of reads.


	Change the default extraDonor to 0.


	Provide examples/vireoSNP_usage.ipynb for using vireoSNP as a Python module
for general cell clustering based on allelic ratio.







Release v0.1.8 (29/10/2019)


	Further fix the bug when variants in donor genotype are not in cell vcf file







Release v0.1.7 (05/10/2019)


	Support donor genotype vcf file with different FORMAT for different variants







Release v0.1.6 (05/10/2019)


	Fix a bug when variants in donor genotype are not in cell vcf file







Release v0.1.5 (28/09/2019)


	Support genotype barcode generation







Release v0.1.4 (22/09/2019)


	Support that the case that input GT is larger than wanted n_donor


	Clarify the structure in vireo_flock: 1) warm-up for multiple initials or
extra donors; 2) pre-step to subset or fill up the genotype prior; 3) the main
run.


	Provide more options in the warm-up step to search donors from extra clusters.
Before, it only uses the size of the donor. Now, the genotype distance can be
used to search the K donors with furthest genotype distance.







Release v0.1.3 (30/08/2019)


	Support vartrix sparse matrices as input


	Change –amplifyK to –extraDonor for extra donors in initial search


	Fixed the bug for –noDoublet


	Fixed a bug for unassigned


	Minor update of figure output


	Updated the submoduals for easier import







Release v0.1.2 (15/07/2019)


	Support sparse matrices as input (for cellSNP directory with -O)


	Plot the distance between genotype probability between estimated samples


	Upgrade the manual, including the usage of simulation (readme in the
simulation folder of GitHub repo)







Release v0.1.1 (30/06/2019)


	A completed version for all planned features


	Donor deconvolution with supporting multiple modes:
1) without genotype
2) with genotype for all samples
3) with genotype for part of the samples
4) with genotype but not confident


	Manual for installation, usage, and preprocessing


	Release test data sets


	vireoSNP is available on PyPI, try it pip install vireoSNP







Release v0.1.0 (24/06/2019)


	reimplementation of vireo in Python (orignal in cardelino R package)


	Initial release with limited features
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