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Abstract

In the past decades a number of software programs have been developed to deduce the
phylogenetic relationship between populations. However, these programs are not suited for
large-scale whole genome data. Recently, a few standalone or web applications have been
developed to handle genome-wide data, but they were either computationally intensive,
dependent on third party software or required significant time and resource of a web server.
In the post-genomic era, researchers are able to obtain bioinformatically processed high-
quality publication-ready whole genome data for many individuals in a population from next
generation sequencing companies due to the reduction in the cost of sequencing and analysis.
Such genotype data is typically presented in the Variant Call Format (VCF) and there is no
simple software available that uses this data to construct the phylogeny of populations in a
short time. To address this limitation, we have developed a one-click user-friendly software,
VCF2PopTree that uses gnome-wide SNPs to construct and display phylogenetic trees in
seconds to minutes. For example, it reads a 1 GB VCF file and draws a tree in less than 5
minutes. VCF2PopTree accepts genotype data from a local machine, constructs a tree using
UPGMA and Neighbour-Joining algorithms and displays it on a web-browser. It also
produces pairwise-diversity matrix in MEGA and PHYLIP file formats as well as trees in
the Newick format which could be directly used by other popular phylogenetic software
programs. The software including the source code, a test VCF input file and short

documentation are available at: https://github.com/sansubs/vcf2pop.
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1. Introduction

One of the major tasks in genetics and evolutionary biology is to deduce the ancestral relationship
between populations and species. For this purpose, a number of mathematical and statistical
algorithms have been developed. To implement these algorithms, computationally efficient
software programs were developed. However, these software such as MEGA (Kumar et al. 2016),
PHYLIP (Felsenstein 2005), PAUP (Wilgenbusch & Swofford 2003), RaxML (Stamatakis 2006)
and BEAST (Drummond et al. 2012) are suited only for sequence-based alignments. With the
advent of the next generation sequence techniques, large-scale whole genome data containing
millions of Single Nucleotide Variations (SNVs) are generated for populations. The whole
genome data is typically presented in the Variant Call Format (VCF) and there was a need for
genetic software to construct population phylogeny using these large-scale data. To address this
limitation a number of software programs have been developed in the recent past. However, these
programs were either computationally intensive and time consuming, heavily dependent on third

party software or required significant time and resource of a web server.

Computer programs that handle genome-wide VCF data are either standalone or web server-based
applications. Typically, standalone applications such as SNPhylo (Lee et al. 2014), VCF-Kit (Cook
& Andersen 2017), and VCFtoTree (Xu et al. 2017) are software pipelines that need to be installed
in a local computer. Furthermore, these programs are dependent on a series of other software such
as bwa, samtools and/or MUSCLE. Therefore, an adequate level of computer expertise required

to implement and run the standalone programs. On the other hand, web server-based programs
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such as SNiPlay (Dereeper et al. 2015), and CSI Phylogeny (Kaas et al. 2014) take significant
amount of time to produce a tree. This is partly due to the time taken to upload the large-data set
to server from the user’s local machine, which depends on the web traffic and internet speed.
Furthermore, both standalone and server-based applications perform a series of data processing

steps through software pipelines, which also cause significant time delay.

Due to the reduction in the cost of sequencing and bioinformatic analysis, it is now possible to
obtain the processed whole genome data for many individuals. Using standard bioinformatic data
processing pipelines most of the sequencing service providers deliver high quality publication-
ready genotype data for whole genomes in the form of VCF files. Hence population geneticists
now need a simple program that reads this data in VCF files and construct a phylogenetic tree in a
short time as there is no need of any data processing routines. Therefore, the current study is aimed
to the address this important limitation in genomic research. Hence, we developed a JavaScript

based client-side software to infer phylogenetic relationship using genome-wide SNP data.

Methods

Implementation

The software, VCF2PopTree was written in JavaScript, which runs purely within the user’s
computer/browser. The input VCF file typically contains the genotype information which are
coded by ‘0’s and ‘1’s, is read by VCF2PopTree from the user’s local computer. The genotype
data should be at least from four individuals in order to build a tree. VCF2PopTree is designed to

read and process the input data line-by-line so it is able to handle large data files without running
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out of memory. Using the genotype data, the normalised counts of nucleotide differences for all
possible pairwise combinations are computed. The pairwise divergence matrix is then used to
infer the phylogenetic relationship using the UPGMA (Sokal & Michener 1958) and Neighbour-
Joining (Saitou & Nei 1987) algorithms and the resulting tree is presented in the popular Newick
or parenthetical format. The Newick formatted phylogeny is used to draw the tree on the browser

using the JavaScript package, d3.phylogram.js.

Features

VCF2PopTree performs three different tasks namely: construct and draws a phylogenetic tree,
produce a tree file and generates pairwise diversity matrix. There are two radio buttons to infer
phylogenetic relationship between populations using UPGMA and Neighbour-Joining algorithms
and the latter method produces an unrooted tree (Figure 1). Two more radio buttons are provided
to draw the phylogenetic tree in a rectangular or circular style. Apart from drawing trees
VCF2PopTree also produces the tree file in the popular newick format by checking the radio button
“Newick format”. Finally, this program produces pairwise diversity matrix in the popular MEGA

and PHYLIP formats and the last two radio buttons should be used for this purpose respectively.

Results and Discussion

Performance

VCF2PopTree is a simple and straight forward program to use, which requires only a single click

to view the phylogeny of a population using the default settings. VCF2PopTree is designed to run
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on personal computers with moderate specification. To display a phylogenetic tree, it takes a few
seconds to minutes depending on the size of the data as well as the number of samples/individuals.
For example, it takes only 26 seconds and 92 seconds to display the phylogeny of 10 and 22
individuals respectively by reading the data from VCEF files of 0.25 GB and 0.5 GB respectively
using a Windows computer with 4GB RAM and Intel Core i5 processor. The display time was
4.52 minutes for a 1 GB file with 56 genomes using a 16GB RAM computer. Clearly this suggests
that for reading large files the limitation is only the RAM. VCF2PopTree is compatible with all
population browsers including Chrome, Opera, Edge and Firefox and works equally efficient in
Mac, Windows and Linux (Ubuntu). Furthermore, it displays the tree in a mobile phone (iPhone

and Android) if the input file size is small.

Usage Example

Since this is a client-side software, VCF2PopTree.html has to be downloaded to the local computer
as “Download Zip” from the github server. To examine the functionality of the software we
obtained a VCF file (test.vcf) from the Simons Genome Project containing about half a million
SNPs from ten human populations (Mallick et al. 2016). To test the software the test.vcf.gz has to
be unzipped. To infer the phylogenetic relationship between the 10 populations the pairwise
diversity matrix needs to be computed. Since the diversities are expressed on a per site basis, the
total genome size has to be provided in the “Enter the genome size” text box. By default, the
human genome size has been entered in this box. Once the size of the genome in base pairs in
entered one of the radio buttons for “UPGMA” or “Neighbour-Joining tree” and that of
“Rectangular tree” or “circular tree” should be selected. After selecting the options to construct a

phylogenetic tree, the “choose file” button should be clicked to open a VCF file, which in turn
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reads and displays the tree on the browser as shown in Figure 1A. Note that an alert window will

pop-up if any file other than a VCF was selected.

To obtain the tree file in the newick format, radio buttons for “UPGMA” or “Neighbour-Joining
tree” and that of “Newick tree format” have to be selected. This will present the parenthetical
formatted tree in a text area (Figure 1B). In order to obtain the pairwise diversity matrix, radio
buttons “Pair-wise diversity - MEGA” or “Pair-wise diversity - PHYLIP” need to be selected. This
will produce the pairwise diversity matrix in MEGA (Kumar et al. 2016) or PHYLIP (Felsenstein
2005) formats in a text area (Figure 1C). The pairwise diversity matrix could be copied and pasted
on to a text file, which could then be used as an input for programs such as MEGA, PHYLIP or
any other software that accepts these formats. Hence users are now able to use MEGA and other
popular gene specific software to edit or manipulate trees based on whole genome data. Similarly,
the whole genome based newick tree generated by VCF2PopTree could be further manipulated by
the tree editing software such as TreeGraph (Stover & Muller 2010) or FigTree

(http://tree.bio.ed.ac.uk/software/figtree/).

VCF2PopTree 1s specifically developed to construct phylogenetic trees for whole genome
population data and not for that of species. The pairwise divergence estimates were not corrected
for multiple substitutions, transition/transversion rate and base composition differences. Since the
divergence between populations are so small such corrections are not required and a simple

proportion of differences is sufficient (Nei & Kumar 2000).
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Conclusions

VCF2PopTree is unique with respect to handling whole genome data from populations and it reads
data directly from the local machine and is independent of operating systems and browsers.
Importantly, this program does not require high performance computational resources, third party
software tools, a web server or internet connectivity. It is the ultrafast software available at present
to deduce and draw population phylogeny in seconds to minutes. Apart from building and
displaying trees this program also produces distant matrix and Newick trees and thus facilitates
whole genome based phylogenetic analysis through other popular software. Therefore,
VCF2PopTree could be a valuable phylogenetic tree building software for researchers and students

in the fields of Genetics, Ecology, Evolutionary Biology and Medicine.
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