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Figure S1 – Parameters influencing the mtG4 formation. The scatter plot shows the PQS forming 
sequence with all species in the Y axis with respect to Adenine – A fraction, Thymine – T fraction, 
Guanine – G fraction, Cytosine- C fraction and GC content in the x axis. The R and S at the top denotes 
the Pearson correlation coefficient (R) and the Spearman correlation coefficient (S). The linear 
regression is plotted in all graphs. 

 

 

 

 



 

Figure S2. Analysis of codon usage The heatmap shows the usage of 60 codons in eleven species in 

the eight major coding genes in the mitochondria genome.  To ease the comparison of codons the 

data was normalized that each codon that has a value composed between 0 to 1 based on its 

occurrence in eight major coding strands.  

 



 

Figure S3. Frequency of codon usage The heatmap shows the amino acid frequency in the eight 

major coding genes in the mitochondria.  To ease the comparison of amino acids the data was 

normalized that has a value composed between 0 to 1 based on its occurrence in eight major coding 

strands.  

 

 

 



Methods 

Sequence retrieval and G4 analysis. 

The sequence of 16 species representing various families ranging from unicellular to 

multicellular eukaryotes were downloaded from UCSC genome browser https://genome.ucsc.edu/ 

and organelle database https://www.ncbi.nlm.nih.gov/genome/organelle/. To identify the putative 

mtG4 forming sites from the mtDNA sequences we used QGRS mapper. 1 It generates information 

on the putative G4 forming sequence with a scoring system based on its chances to form G-

quadruplex and a higher score indicates better chance of G4 formation. 

Phylogeny analysis and Circos plot.  

 To evaluate the phylogenetic analysis of the 16 species initially multiple sequence alignment 

was  performed using ClustalW.2 After alignment the evolutionary tree was inferred using the 

maximum likelihood estimation using Molecular Evolutionary Genetics Analysis (MEGA).3 

Interactive Tree of Life https://itol.embl.de/ was further used to display, edit and print the 

phylogenetic tree using the newick file. The circos was used to represent various parameters in the 

form of a circular plot using PERL and R packages.4 

 Codon Analysis 

 To evaluate the codon usage and codon analysis http://codonw.sourceforge.net/ was used. 

Briefly the protein coding sequence of the eight major genes from eleven species was downloaded 

and its codon was analyzed individually with respect to amino acid frequency. Then the data was 

normalized into fraction of 0 to 1 and visualized in the form of heatmap using R. To compare the 

codon usage of human mitochondrial genes with chimpanzee, mouse, and C. elegans, we calculated 

the increase of C in the mtDNA across eight different protein-coding genes by aligning with the 

respective amino acid encoded, and devised a score for comparison. Based on the total C increase 

in humans, the respective amino acid codons in other organisms were given scores of 1, 2, 3 and –

1, –2, –3 for the relative frequency of C 

 

 



Statistics 

 All statistics were performed using Graphpad prism and listed in the main text or figure 

legend. 
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