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Abstract

Summary: VISOR is a tool for haplotype-specific simulations of simple and complex structural variants

(SVs). The method is applicable to haploid, diploid or higher ploidy simulations for bulk or single-cell

sequencing data. SVs are implanted into FASTA haplotypes at single-basepair resolution, optionally

with nearby single-nucleotide variants. Short or long reads are drawn at random from these haplotypes

using standard error profiles. Double- or single-stranded data can be simulated and VISOR supports the

generation of haplotype-tagged BAM files. The tool further includes methods to interactively visualize

simulated variants in single-stranded data. The versatility of VISOR is unmet by comparable tools and

it lays the foundation to simulate haplotype-resolved cancer heterogeneity data in bulk or at single cell

resolution.

Availability and implementation: VISOR is implemented in python 3.6, open-source and freely

available at https://github.com/davidebolo1993/VISOR. Documentation is available at https:

//davidebolo1993.github.io/visordoc/

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Genomic structural variants (SVs) are a major source of variation in the

human genome (Alkan et al., 2011), (Weischenfeldt et al., 2013). Over

the past years, a wide variety of tools for SV calling from both short and

long reads have been developed, including DELLY (Rausch et al., 2012),

LUMPY (Layer et al., 2014), Manta (Chen et al., 2016), NanoSV (Stancu

et al., 2017), Sniffles (Sedlazeck et al., 2018) and SVIM (Heller et al.,

2019). Benchmarking SV callers using ground truth datasets is essential

to assess their performance and correctness.

High-coverge whole-genome and whole-exome datasets are publicly

available (1000 Genomes Project Consortium et al., 2015) but their full

SV spectrum is still unknown; moreover, generating new real datasets

with specific features requires extensive and cost-prohibitive biological

experiments (Zook et al., 2014) and can be biased by the experimental

design. In silico simulations are an inexpensive and unbiased alternative

and the available ground truth enables an accurate estimation of precision

and recall of SV calling methods.

With the advent of long and linked-read technologies that allow read-

backed phasing, a SV simulator should be able to simulate haplotype-

specific SVs. In addition, we are entering an era where single-cell

sequencing complements bulk sequencing approaches; therefore, a

versatile simulation approach that can handle SVs of different size,

clonality, haplotype-configuration and single-cell versus bulk sequencing

resolution is greatly needed.

Over the last years some SV simulators have been developed, including

RSVSim (Bartenhagen et al., 2013), SCNVSim (Qin et al., 2015), VarSim

(Mu et al., 2015), BAMSurgeon (Ewing et al., 2015) and SVEngine

(Xia et al., 2018). However, these tools have some limitations, either

1

© The Author(s) (2019). Published by Oxford University Press. All rights reserved. For Permissions, please email: 
journals.permissions@oup.com 

D
ow

nloaded from
 https://academ

ic.oup.com
/bioinform

atics/article-abstract/doi/10.1093/bioinform
atics/btz719/5582674/ by U

ppsala U
niversitetsbibliotek user on 08 O

ctober 2019



2 Bolognini et al.

with respect to simulating certain SV types or to the lack of support

for haplotype-resolved SVs. Most tools are also restricted to short

reads only and, to the best of our knowledge, VISOR is the only tool

capable to simulate strand-specific DNA sequencing (Strand-seq) data

(Supplementary Table S1).

VISOR fills an important gap in the field of SV simulations by allowing

users to rapidly generate one or more haplotypes with desired SVs and to

simulate sequencing reads with features mirroring those from commercial

sequencing providers (Illumina, PacBio, 10X Genomics and Oxford

Nanopore Technologies).

Once haplotypes have been created, users can decide whether to

simulate short (single- or double-stranded) or long reads from selected

regions/chromosomes. For bulk sequencing and cancer genomics

applications, users can adjust for tumour purity, heterogeneity and

ploidy (Liu et al., 2018). VISOR also incorporates capture biases

for targeted assays such as cancer panels or whole-exome target

enrichment. Simulating such biases accurately is important for assessing

the performance of genomic variation callers (Wang et al., 2018).

Moreover, VISOR allows to simulate SVs and small variants jointly which

is essential for testing SV detection approaches employing haplotype-

resolved local assemblies (Chaisson et al., 2019).

2 Materials and methods

An overview of VISOR’s worfkfow is available in Supplementary Figure

S2 while its main modules and methods are outlined below.

2.1 Generate haplotypes with SVs

VISOR offers a module, called HACk, to generate haplotype-resolved

FASTA files with implanted SVs. The module requires a template FASTA

file and one or more BED files containing non-overlapping SVs. VISOR

scans the template FASTA file by chromosome and inserts the SVs and

optionally, additional short variants.

In addition to simple SVs such as deletions, tandem duplications,

inversions and insertions, VISOR HACk improves the creation of more

complex SVs such as inverted duplications, interspersed duplications or

reciprocal translocations. A unique strength of VISOR is the simulation

of perfect/approximate tandem repetitions and the contraction/expansion

of existing microsatellites, thus being potentially suitable to test

performances of tandem repeat calling methods (Dashnow et al., 2018),

(Gymrek et al., 2012).

2.2 Simulate short and long reads

VISOR provides two different modules, called SHORtS and LASeR, for

short and long read simulations respectively. These modules require a

folder containing one or more FASTA haplotypes generated by VISOR

HACk and a BED file describing the desired regions/chromosomes

to simulate. VISOR SHORtS and LASeR implement state-of-the-art

pipelines to generate a final BAM file modelling current sequencing error

rates, fragment sizes and read-lengths. For each region in the BED file,

FASTQ files are simulated using either wgsim (SHORtS) or PBSIM (Ono

et al., 2013) (LASeR), SAM files are computed using BWA (Li et al.,

2009) (SHORtS) or Minimap2 (Li, 2018) (LASeR), and SAM-to-BAM

conversion is carried out by Samtools (Li et al., 2009). Each read in the

final BAM file is eventually tagged with the haplotype number ("HP"-tag),

making the alignments easily haplotype-resolvable, for example with IGV

(Thorvaldsdóttir et al., 2013). For each region in the BED file, users must

also define their capture efficiency and purity values, the defaults assume

no capture bias and a fully clonal simulation at 100 percent haploid variant

allele frequency.

2.2.1 Simulate heterogeneous data

By giving more than one folder with FASTA haplotypes as inputs, both

VISOR SHORtS and LASeR are capable to simulate heterogeneous data.

This is particularly useful to simulate tumour sub-clonality, a prominent

feature of some cancer types during tumorigenesis (Dagogo-Jack et al.,

2018). When multiple input folders are given, these are considered as sub-

clones of a heterogeneous sample and they will be simulated according to

relative user-defined percentages (Supplementary Figure S3). As for reads

coming from different haplotypes, reads coming from different sub-clones

can be easily discriminated in the final BAM file as they are tagged with

different clone numbers ("CL"-tag).

2.2.2 Simulate Strand-seq data

By default, VISOR SHORtS performs double-stranded data simulation;

however, it can also simulate Strand-seq data. Strand-seq is a single-

cell template strand sequencing technology which generates directional

genomic libraries that allow clear distinction between the individual

homologs of chromosomes. Homolog resolution allows to identify sister

chromatid exchanges (SCE) events (Falconer et al., 2013) and to locate

haplotype-specific SVs, including inversions, translocations and SVs with

copy-number changes (Sanders et al., 2017). VISOR’s strand-seq mode

considers each input folder as a single-cell and, for each haplotype,

VISOR SHORtS generates strand-specific BAM files (see Supplementary

Information, S4).

3 Discussion

VISOR is a comprehensive SV simulator: it generates haplotype-resolved

SVs and implements state-of-the-art pipelines to generate tagged BAM

files, which can in turn be used to evaluate SVs callers performances

(Supplementary Figure S5). VISOR supports simulations of reads coherent

with short read, linked-read and long read technologies as well as with

double-stranded and single-stranded data, where it enables visualization

of haplotype-resolved SVs. The applications of VISOR range from

simulating bulk, aneuploid, and heterogeneous cancer genomics samples

to single-cell studies of germline mosaicisms.
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