Isolating Somatic Variants - Computational Methods of Somatic Variant Identification using Single Cell RNA Sequencing Data
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1. Introduction 
The development of data and computer science opens exciting avenues for personalized medicine and disease prevention.  An example of a disease that could be better understood with the support of computational methods is chronic lymphocytic leukemia (CLL) – the most commonly diagnosed blood cancer among European adults [1]. The exact cause of CLL is still unknown, but attempts to understand its genesis on a genetic level, as well as its connection to monoclonal B-cell lymphocytosis (MBL), have shown promise [2].
2. Description of the problem 
Chronic lymphocytic leukemia affects B cells, causing them to multiply excessively and accumulate in the blood, bone marrow and lymphoid tissues, thus interfering with normal blood cell production and immune function [1]. Monoclonal B-cell lymphocytosis is a precursor condition to CLL characterized by the presence of small numbers of clonal B cells in the peripheral blood, but without the symptoms seen in full-blown leukemia [2]. In order to understand early CLL development, it is important to find out whether MBL drives the premalignant expansion or the malignant progression of CLL. To answer this question, genetic data from healthy subjects with MBL was sequenced using the Illumina scRNA-seq method. For each subject, each cell was tagged according to the clone it belonged to. The aim was to compare the genetic sequence of expanded clones against cells that do not belong to expanded clones. In order to avoid detecting genetic changes that are the result of inter-individual variability, each studied expanded clone and the reference non-expanded set were both sourced from the same individual.
3. Related work 
A series of research that sparked the idea for this project was focusing on autonomous B-cell receptor signaling (BCR signaling) [3][4]. In this work it was shown that autonomous BCR signaling operates in MBL analogously to CLL. Subclonal genetic CLL driver mutations in MBL have also been observed [5], which would support the idea of gradual clonal expansion driven by moderate autonomous BCR signaling, potentially resulting in a level of genetic instability that facilitates graduate acquisition of CLL driver mutations.
4. Solution to the problem
Thanks to Cyfronet HPC resources and Leiden University Medical Centre, the scRNA-seq data was made available for analysis. Several methods of somatic variant detection were proposed and compared, then the best one selected. It involved creating a germline and expanded set count table, with the information for each position how many of each nucleotide were detected for both sets. Next a statistical test was carried  out to determine what zygosity type each position in each set had. It was tested whether the observed alternative reads can be explained by sequencing error (a fixed 5% error rate was assumed) or by a somatic variant, using a binomial likelihood. The GQ score was then used to measure the confidence with which the data supports the somatic variant hypothesis [5][6].
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Fig.1. Diagram of the evaluation procedure
5. Conclusions and future work
Several interesting somatic variant detection approaches were proposed for this problem based on previous similar work. Most genetic changes detected were losses of heterozygosity, and several SNPs were also detected. Insertions and deletions were beyond the scope of this work. Consultations with an immunologist are in progress to determine the impact of each of the detected somatic variants. 
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