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Abstract

Relationships among plants in the Rosaceae plant family have been little studied at the chloroplast genome level. Here we
evaluate 174 species belonging to this family according to their full chloroplast sequences in the biggest study of this type
so far. Three strategies have been utilized, analysis of full genome sequences for all 174 species, grouping them by main
genus with full chloroplast sequence and grouping them by main genus but removing all identical sequences (strip sequences)
from the chloroplast sequence. Results show that most software fails to produce a phylogenetic tree except for the Fast Tree
and Neighbor Joining methods. While all software successfully produced a phylogenetic tree when the second and third

strategies were used.
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Introduction

The Rosaceae is one of the most economically
significant plant families in the plant kingdom. It has more
than 2.5 thousand species. It is importance for economic
fruits like apple, almond, pears, chetries, raspberries and
strawberries and timber and medicinal uses, with value
around $45 billion according to the FAO 2005 (Hummer
& Janick, 2009).

Several researchers have worked on the classification
and the relationship among the family member using
morphological characterization and molecular marker
(Potter et al., 2007). As sequencing technology has
become more affordable, many projects have been
developed to assemble or reassemble the whole genome
of those important species (Zhang et al., 2019). The
chloroplast is an organelle with its own genome and it is
inherited from the mother plant, therefore it has become
a very important tool to study and determine the origin of
species and their evolutionary relationships (Moner,
Furtado and Henry, 2018).

The position of the Rosaceae among angiosperm
families still not well understood but over the last decades,
molecular technique have great helped to clarify this
(Potter et al., 2007). The study of evolutionary
relationships among the genera in this family using the
whole chloroplast genome, have been limited, except for

a recent study which focused on 15 selected regions from
the chloroplast (Sun et al., 2018). This is despite of the
availability of hundreds of chloroplast sequences that
belong to this family deposited in the NCBI database.

Although, there is abundance of these genomes
sequence, finding the tool that can be used to deal with
this data to produce a phylogenic tree is challenging.
Therefore, there is an urgent need to develop a tool that
can process these huge data flies with acceptable
resources and affordable timeline. There are several
modern tools which have developed to do so, but still can
not meet the research requirements and new procedures
are required, especially with increases in the output of
NGS. The aim of this research was to evaluate the genetic
diversity of the chloroplasts genomes of Rosaaceae plant
family as a model to find the impact of strip the identical
sequences on the tree topology using different software.

Material and methods

Available annotated full chloroplast sequences which
belong to the Rosaceae plant family were downloaded
from the NCBI database in GenBank format table 1. All
sequences obtained were aligned using MAFFT tools with
the following settings; (Auto, 1PAM/K =2 scoring matrix,
1.53 open gap penalty and 0.123 offset value) (Katoh &
Standley, 2013). All chloroplast gene sequences were
extracted from these sequences and concatenated
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Fig. 1: The phylogenetic tree of the Rosaceae family based on full chloroplast sequence using Fast Tree software.
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Fig. 2: Phylogenetic of the main 14 genus in Rosaceae family using MrBayes software and 100 bootstrapping with both full and
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Fig. 3: Phylogenetic of the main 14 genus in Rosaceae family using FastTree software with both full and strip sequences.

according to their accession name and number and aligned
to represent just the genes sequences (Brozynska ef al.,
2017; Moner, Furtado, Chivers, et al., 2018).

In order to preform phylogenetic analysis six different
software packages were used, namely (Moner, Furtado,
& Henry, 2018)B : PAUP, Maximum Parsimony, Heuristic
search and 100 bootstrapping (Swofford, 2003), FastTree,
GTR, optimize the Gamma 20 likelihood (Price et al.,

2009), PhyMI, GTR and 100 bootstrapping (Guindon et
al., 2010), RaxMI, maximum likelihood, GTR, Gamma
and 100 bootstrapping (Stamatakis, 2014), MrBayes,
Bayesian, GTR, Gamma and 100 bootstrapping
(Huelsenbeck & Ronquist, 2001) Neighbor Joining,
Tamura-Nei, 100 bootstrapping (Saitou & Nei, 1987).

The full sequence alignment file was utilized to
preform the phylogenic analysis, then to simplify the
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analysis, the species were grouped by genus then, the
aligned consensus sequences were used to represent the
genus. Thereafter two strategies were utilized, firstly
construction of the phylogeny by full aligned sequence of
the grouped species according to main genus, and
secondly using the same sequences but after removing
all identical bases to minimize the input data. Aligned
sequences were striped of all 100% identical bases
(uninformative sequence) using Geneious (Kearse et al.,
2012) to reduce the amount of computer resources that
were need to analyze the data. Each phylogeny package
was used twice one with full sequence length and the
other with striped consensus, with the same settings as
described previously.

A local workstation with two CPU 2.9GHz, 16 core,
40 MB cash5100 and 96 Gb of RAM was used to preform
all the above analysis.

Results and Discussion

Alignment of the chloroplast sequences of 174 species
belonging to 37 genera from the Rosaceae plant family
was achieved successfully using the MAFFT aligner tool.
Chloroplast sequences range from 128.788 to 160.937
Kbp. The large variation among those species generated
gaps which extended the alignment consensus to 283.205
Kbp. This file was utilized in the phylogenetic analysis.
The size of this file was bigger than the capability of
most of the phylogeny software which led to failure and
did not produce a tree. Only FastTree Fig. 1 and Neighbor
Joining were finished successfully (Moner, Furtado &
Henry, 2018 B).

Species were grouped by main genus and aligned.
The consensus sequences for the main genus was used
to align them to produce a reduced file size effectively to
154.094 Kbp which shorten the consensus about 129 Kbp.
In addition to decreasing the number of accessions to
that of the 14 main genus groups. This size could be
handled with some of the software like FastTree RAxXML
and PhyMI and trees could constructed. (Guindon et al.,
2010; Price et al., 2009; Stamatakis, 2014).

Concatenated gene (Brozynska et al., 2017)
sequences of all species were generated and grouped by
genus and aligned to produce a 154.100 Kbp length
sequence for 14 genera. This effectively allowed the
analysis to finish and produce trees for all packages. This
significantly reduced the computational resources that
are needed to process these kinds of data. In addition,
for greater reduction of data and reduced analysis time,
identical bases (which are not informative) were removed
and gave an even shorter alignment which could be
processed faster and with less resources. All software
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packages completed analysis and trees were generated.
The topology of these trees varied from identical in
Bayesian analysis to slightly different in one branch as in
PAUP MP and PhyMI and two branches as in RAXxMI,
but many differences in FastTree. Fig. 2 and 3. These
results can help researchers working with huge data sets
to achieve their results easier and faster with high
reliability especially when computational resources are
limited.
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