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Supplemental Methods. Application of a Total Least Squares approach to dating 

divergence times in mammalian and Drosophila clades. 

We applied this novel approach to dating divergence times to two other taxonomic groups 

with extensive genomics resources, in particular placental mammals and Drosophila.  

 

Analysis of the mammalian datasest 

For the mammalian analyses we used the dataset of coding sequences available at 

“OrthoMam: a Database of Mammalian Markers” (Douzery, et al. 2014). We chose a few 

representative species of each mammalian order from the total dataset, and used the pair 

Pongo-Macaca as the reference (constant) species pair to which all other pairs were compared 

(Suppl. Fig. S1). 

 

 

 

Data generation: the OrthoMam database (http://www.orthomam.univ-montp2.fr/orthomam/) 

contains sets of curated and aligned orthologous genes for mammalian species. At the time of 

the analysis, the database contained alignments for close to 4000 protein-coding genes.  

Similarly to the approach used for Plasmodium genes, for each four-species comparison we 

Supplemental Figure S1. Phylogenetic 

relationships among taxa used in the pairwise 

comparisons among placental mammals 

shown in Supp. Fig. S2 (Douzery, et al. 

2014). The Pongo – Macaca pair (red) was 

used as the comparator against which all 

other taxon pairs (shown in blue) were 

compared. 
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identified all genes with homologs present in all four species, and for which the length of the 

shortest of the four sequences was at least 90% the length of the longest (see Materials and 

Methods). Amino acid sequence divergence was estimated in described (Materials and 

Methods). The size of the dataset, n, in each comparison is shown in Suppl. Fig. S2. 

In a stark contrast to the Plasmodium results, in each of the four-way mammalian 

comparisons, the TLS regression explained only a small fraction of the variance in the data, with 

R2 values ranging from 10% to 22% (Suppl. Fig. S2). Since the evolution of mammalian proteins 

does not conform well to a simple molecular clock model, the approach to dating the relative 

age of lineages based on the slope of the TLS is not valid (see main text and Fig. 1). 

 

 

Supplemental Figure S2. Relationship of amino acid sequence divergence between independent 

mammalian lineages (see Suppl. Fig. S1 above). In each plot, each point represents a protein present in 



Silva	  et	  al.	   3	  

the four taxa compared. The TLS regression fit (solid line) and 95% confidence intervals (dotted lines) 

are shown in blue; the slope of the line, α, equals the ratio between the divergence time of each of five 

species pairs represented in the X axis relative to that of Pongo-Macaca, which was used as the common 

pair in all comparisons (Y axis).  

 

Analysis of the Drosophila datasest 

The Drosophila dataset was obtained from the Drosophila 12 Genomes project (Drosophila 

12 Genomes, et al. 2007). We chose representatives of several major cladogenesis events 

within the genus Drosophila, and used as the common comparator pair two species that 

represent the split between the melanogaster (D. ananassae) and the obscura (D. 

pseudoobscura) species groups (Suppl. Fig. S3). We used the curated 12-species protein 

alignments available through FlyBase (http://flybase.org/).  

                   

Supplemental Figure S3. Phylogeny of Drosophila species, including representatives of the Drosophila 

and Sophophora subgenera (Drosophila 12 Genomes, et al. 2007). The divergence between the 

melanogaster and the obscura species groups (green), represented, respectively, by D. ananassae and D. 
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pseudoobscura, was compared with the divergence of five other speciation events: a) the split between D. 

melanogaster and D. simulans (red), (b) the origin of the melanogaster subgroup, represented by the split 

D. erecta-D. simulans (blue), (c) the split between the repleta and virilis species groups, represented by 

D. mojavensis and D. virilis, respectively (violet), (d) the split between the subgenera Sophophora (D. 

willistoni) and Drosophila (D. virilis) (orange), and (e) the split between the Hawaiian Drosophila (D. 

grimshawi) and the repleta/virilis lineage (D. virilis) (teal). 

	  
 

Data generation: FlyBase contains sets of curated and aligned orthologous genes for the 

twelve Drosophila species. The dataset was selected as described for Plasmodium and 

mammals (see Materials and Methods); 3468 genes passed our selection criteria in all 4-

species comparisons and were used in the analyses (Suppl. Fig. S4). 
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Supplemental Figure S4. Relationship of amino acid sequence divergence between independent 

Drosophila lineages (described in Suppl. Fig. S3). Legend as in Suppl. Fig. S2. The reference species pair 

is D. ananassae-D.pseudoobscura (D. ana-D. pse), shown in the Y axis. 

 

 

Drosophila proteins, much like those in Plasmodium, conform very nicely to the molecular 

clock model, with R2 that ranged between 46% and 83% in the five comparisons (Suppl. Fig. 

S4). Therefore, we used the slope of each regression, α, as an estimator of the relative age of 

the two lineages being compared. 

 

Supplemental Table S4. Divergence time estimates for Drosophila clades. 

Clades1 Species 
comparison 

α2 Age  
(MY) 3 

Age from α  
(MY) 4 

melanogaster – obscura 
groups 

D.ana – D.pseudo  24 
(17-31) 

 

D. melanogaster –     D. 
simulans 

D.mel – D.sim 0.08 1.4 
(0.9-1.9) 

1.9 

melanogaster subgroup D.sim – D.erec 0.20 3.3 
(2.4-4.4) 

4.8 

virilis – repleta groups D.vir – D.moj 0.70 10 
(6.5-13) 

16.8 

virilis group –  Hawaiian 
Drosophila 

D.vir – D.grim 0.81 13 
(9.6-17) 

19.4 

Sophophora – 
Drosophila  

D.will – D.vir 1.34 32 
(25-40) 

32.2 

	  
1 Clades colored as in Suppl. Fig. S3. 

2 Alpha, α, obtained from TLS regression (Suppl. Fig. S4).  
3 Age estimates as in Obbard et al. (Obbard, et al. 2012), in million years (MY).  
4 Divergence of the melanogaster and obscura assumed to have occurred 24 MY ago (Obbard, et al. 

2012). Dates are obtained by multiplying 24 MY by α. 
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The age of each clade relative to the age of the speciation event that gave rise to the 

melanogaster and obscura species groups 24 million years (MY) ago was estimated based on α 

(Suppl. Table S4; last column). These dates are very similar to, and often towards the upper 

end of, those obtained based on molecular data (Obbard, et al. 2012), and well in line with fossil 

evidence (Grimaldi 1987, 1988).  
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