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Abstract
Phylogenetic trees using orthologs are commonly used to analyze such evolutionary histories of organisms. A recent study sug-

gests that phylogenetic analysis from single orthologous genes or multiple single orthologous genes are not likely to reflect actual 
evolutionary history and core genome is required. However, it is not clear whether this finding can be extrapolated to orthologous 
peptide sequences. In this study, we compare the generated phylogenetic trees constructed using nucleotide and peptide sequences 
from mitochondrial genomes of fourteen mammals. Our results confirmed that different orthologous nucleotide sequences may re-
sult in different phylogenetic trees with 20.5% of pairwise comparisons being significantly different (p-value < 0.05). This result is 
extrapolatable to orthologous peptide sequences with 33.3% of the pairwise comparisons being significantly different. In addition, 
the phylogenetic tree constructed using core genome is significantly different (paired t-test p-value = 5.52E-7) from the phylogenetic 
tree constructed using core proteome. 
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Introduction

Darwinian Theory of Evolution [1] has been shown to be applicable from multicellular organism [2] to proteins [3] to bacteria and vi-
ruses [4], which has been integrated with George Mendel’s work on genetics into Neo-Darwinism [5]. If two more recent organisms share 
a common ancestor, then there has to be one common ancestor at the root of all organisms today, which is known as the Last Common 
Universal Ancestor [6] - a mesophilic DNA and protein-based entity [7]. 

Inter-species and intra-species evolutionary relationships are commonly deduced using phylogenetic analyses [8], using nucleotide 
and amino acid sequences of a single protein to the full genome sequence of different organisms [9]. Phylogeny is the key to comprehend 
the evolution of genes, genomes, and species [10]. However, the question as to whether to use one or more orthologous sequences to even 
core genome [11-13] or core proteome [14] sequences remained unanswered. A recent study by Wang., et al. [15] on thirteen mitochon-
drial genomes suggests that phylogenetic trees constructed using sets of single orthologous nucleotide sequences can vary substantially; 
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thus, proposing the use of core genomic sequences for phylogenetic tree construction. However, it is not clear whether the same finding 
holds for amino acid sequences.

In this study, we repeat the work of Wang., et al. [15] using another set of mitochondria genomes and extend it to its corresponding 
amino acid sequences. The origins of the mitochondria can be traced back to the Last Eukaryote Common Ancestor [16]. Our results sug-
gest that different orthologous peptide sequences may result in different phylogenetic trees and the phylogenetic tree from core genome 
may differ from that of core proteome.

Materials and Methods

Mitochondrial genome sequence mining: Complete coding nucleotide and protein sequences of mitochondrial genomes of fourteen 
mammals were acquired from the GenBank. The fourteen mammals chosen for the analysis are namely (accession numbers are in brack-
ets): Bos taurus (NC_006853.1), Canis lupus familiaris (NC_002008.4), Felis catus (NC_001700.1), Gorilla gorilla (NC_001645.1), Homo 
sapiens (NC_012920.1), Lepus oiostolus (NC_050983.1), Macropus giganteus (NC_027424.1), Moschus moschiferus (NC_013753.1), Mus 
musculus (NC_005089.1), Ochotona thibetana sacraria (MH345726.1), Ornithorhynchus anatinus (NC_000891.1), Rattus norvegicus 
(NC_001665.2), Tachyglossus aculeatus (NC_003321.1) and Tarsipes rostratus (NC_006518.1).

Phylogenetic tree construction, scoring, and analysis: Multiple sequence alignments were constructed using ClustalW [17] in MEGA 
X [18]. Default settings were used except those recommended by Hall [19] for amino acid sequences - (a) multiple alignment gap open-
ing penalty was set to 3 and (b) multiple alignment gap extension penalty was set to 1.8. Phylogenetic trees were constructed using the 
Maximum Likelihood method [20] with default settings. Each phylogenetic tree was scored based on the method described by Wang., et al. 
[15] and is illustrated in figure 1. The average scores of the phylogenetic tree branch between two trees were analyzed using paired t-test.

Figure 1: An example of the phylogenetic tree branch scoring system. Branch point 1 is the common ancestor for A and B. Branch point 2 is 
the common ancestor for A, B, C and D. Branch point 3 is the common ancestor for A, B, C, D, E and F. Branch point 4 is the common ancestor 
for A, B, C, D, E, F, G and H. Table of ancestry showing the scoring of phylogenetic branch tree points of organisms A, B, C, D, E, F, G and H. We 
can conclude from the diagram that organisms A and B, C and D, E and F, as well as organisms G and H were the most closely related based 
on the branch point score of 1. Similarly, a branch point score of 2 revealed that organisms A and G, A and H, B and G, B and H, C and G, C 

and H, D and G, as well as organisms D and H were the least closely related.
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Results and Discussion

Similar genetic framework in the mitochondrial genomes: An identical gene order was observed in the mitochondrial genomes of the 
fourteen mammals which consisted thirteen protein-coding genes and aligned in the following chronology: (a) NADH dehydrogenase sub-
unit 1 (ND1; 955 to 957 base pairs), (b) NADH dehydrogenase subunit 2 (ND2; 1038 to 1047 base pairs), (c) cytochrome c oxidase subunit 
1 (COX1; 1542 to 1551 base pairs), (d) cytochrome c subunit 2 (COX2; 682 to 693 base pairs), (e) ATP synthase Fo subunit 8 (ATP8; 201 to 
210 base pairs), (f) ATP synthase Fo subunit 6 (ATP6; 679 to 681 base pairs), (g) cytochrome c oxidase subunit 3 (COX3; 781 to 785 base 
pairs), (h) NADH dehydrogenase subunit 3 (ND3; 346 to 351 base pairs), (i) NADH dehydrogenase subunit 4L (ND4L; 297 base pairs), (j) 
NADH dehydrogenase subunit 4 (ND4; 1378 base pairs), (k) NADH dehydrogenase subunit 5 (ND5; 1809 to 1,830 base pairs), (l) NADH 
dehydrogenase subunit 6 (ND6; 501 to 528 base pairs), and (m) cytochrome b (CYTB; 1135 to 1,146 base pairs). This suggests that the 
length of each gene was similar across the fourteen mammals.

Confirmation of Wang., et al.’s key finding that different orthologous nucleotide sequences may result in different phylogenetic 
trees: A recent study by Wang., et al. [15] on thirteen mitochondrial genomes from the same order suggests that phylogenetic trees con-
structed using sets of single orthologous nucleotide sequences can vary substantially. Our results show there are significant differences 
(paired t-test p-value of 0.013) in phylogenetic trees for nucleotide sequences of ND1 and CYTB (Figure 2). Of the 156 pairwise compari-
sons of phylogenetic trees (Figure 3), 32 (20.5%) are significantly different (p-value < 0.05). This confirmed the findings of by Wang., et 
al. [15].

Figure 2: Different phylogenetic trees using different orthologous nucleotide sequences. (A) Phylogenetic tree based on the nucleotide 
sequence of ND1. (B) Phylogenetic tree based on the nucleotide sequence of CYTB.
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Different orthologous peptide sequences may result in different phylogenetic trees: Although both nucleotide and peptide sequenc-
es can be used for phylogenetic tree construction [21], peptide sequences are generally considered to be more stable than nucleotide 
sequences [22]. Hence, nucleotide sequences are considered more useful for comparing from closely related organisms while peptide 
sequences are considered appropriate for distantly related organisms [23]. Therefore, it is plausible to consider whether orthologous 
peptide sequences will yield the same findings after confirming Wang., et al. [15]’s findings. Our results show there are significant dif-
ferences (paired t-test p-value of 0.012) in phylogenetic trees for peptide sequences of ND1 and COX2 (Figure 4). Of the 156 pairwise 
comparisons of phylogenetic trees (Figure 5), 52 (33.3%) are significantly different (p-value < 0.05). This suggests that sets of sequences 
from either single orthologous genes or single orthologous peptides may result in different phylogenetic trees; thereby, cautioning the 
use of sequence sets from single orthologous genes or peptides for phylogenetic tree construction for the purpose of studying evolution 
of organisms. 

Figure 3: P-values from paired t-test of average scores between phylogenetic trees of orthologous nucleotide sequences.

Figure 4: Different phylogenetic trees using different orthologous peptide sequences. (A) Phylogenetic tree based on  
the amino acid sequence of ND1. (B) Phylogenetic tree based on the amino acid sequence of COX2.
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Phylogenetic tree from genome sequence is different from phylogenetic tree from proteome sequence: Given that different orthol-
ogous nucleotide sequences and different orthologous peptide sequences may result in distinctly different phylogenetic trees, it may be 
plausible to consider the use of core genome or core proteome for phylogenetic tree construction. The use of core genome [15,24-27] or 
core proteome [28-30] in phylogenetic tree construction to study evolution of organisms has been advocated. Mitochondrial proteomes of 
each organism were constructed by gene ordered concatenation of peptide sequences. Our results show there are significant differences 
(paired t-test p-value of 5.52E-7) in between phylogenetic trees from mitochondrial genomes and mitochondrial proteomes (Figure 6). 
This suggests that phylogenetic tree from core genomes may differ from that of core proteomes. 

Figure 5: P-values from paired t-test of average scores between phylogenetic trees of orthologous peptide sequences.

Figure 6: Phylogenetic tree from genome vs phylogenetic tree from proteome. (A) Phylogenetic tree based on the complete mitochondrial 
genome. (B) Phylogenetic tree based on the complete mitochondrial proteome.
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Conclusion

Using nucleotide and peptide sequences from 14 mammalian mitochondria, we show that (a) different orthologous nucleotide se-
quences may result in different phylogenetic trees, (b) different orthologous peptide sequences may result in different phylogenetic 
trees, and (c) the phylogenetic tree constructed using core genome may be different from the phylogenetic tree constructed using core 
proteome.
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