
Data sets construction

Chloroplast data set:
71 taxa and 84 proteins

Mitochondrial data set:
64 taxa and 40 proteins

Including all charophyte organellar 
genomes available in Genbank and 

OneKP database

Assessing heterogeneity
among sites and lineages:

1. Pairwise symmetry tests and removing of 

heterogenous data among lineages

2. Removing the fastest evolving substitution 

sites

3. Each site was assigned to its level of 

solvent accessibility, resulting in two partitions: 

exposed and buried sites

Estimation of 
data-specific amino-acid 

substitution models
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Introduction

In the last decades it has been hotly debated which charophyte algal lineage

is the most closely related to land plants. Charophytes comprise six lineages,

namely Mesostigmatales, Chlorokybales, Klebsormidiales, Charales,

Coleochateales, and Zygnematales. Most often then Charales were suggested

as the sister-group of land plants because of their similar morphological traits

to land plants and due to phylogenetic tree inference of mitochondrial data and

early multi-gene data sets. However, analyses of chloroplast and nuclear gene

data supported the Zygnematales as the land plants sister-group. Commonly

used phylogenetic methods assume that the evolutionary processes are

homogeneous (i.e. that they remain the same for all data and through time).

However, gene sequences often evolve under heterogeneous conditions

among sites and/or lineages and therefore inappropriate methodologies that

use homogeneous models may lead to a wrongly inferred tree. In this study,

organellar genomes were analysed to determine the relationship of

charophytes to land plants while assessing data heterogeneity and using data

specific amino-acid substitution models.

Methods

Chloroplast data analyses Mitochondrial data analyses

• All chloroplast analyses recovered Zygnematales as the

sister group of land plants. In most analyses with a strong to

maximum node support.

• The node support between Zygnematales and land plants

decreased after removing the fastest evolving sites.

Nevertheless, the tree topology did not change.

• 45% of the chloroplast proteins evolved under

heterogeneous conditions among lineages:

• The removal of heterogeneous data did not influence the

node support between Zygnematales and land plants.

• The analyses of the mitochondrial data set

(methods path 1) and exposed sites (methods

path 2) recovered Charales as the sister group of

land plants, with strong to maximum node support.

• 80% of all proteins evolved under heterogeneous

conditions among lineages:

• The node support of Charales and land plants

decreased ~25% (300 bootstrap replicates),

after the heterogeneous data were removed.

• Zygnematales were recovered as the sister-group

to land plants when inferred from:

• Buried sites partition (65% of all sites,

methods path 2).

• Data set decreased in 30% after removal of the

fastest evolving sites (methods path 2).

• The node support was ~60% (300 bootstrap

replicates).

Results

Phylogenetic Analyses

Site-homogeneous and Site-

heterogeneous Bayesian Inference  

Site-homogeneous 

Maximum-likelihood analyses

The plant tree of life: 
Two organellar genomes, two different evolutionary stories?
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Conclusions
The analyses of the richest chloroplast genomes data set yet constructed recovered Zygnematales as the sister-group with maximum support, while mitochondrial analyses

supported Charales as the most likely sister-group. This result was true even with a larger taxon-sampling, revealing that the lack of taxa did not explain the incongruence.

Greater substitution heterogeneity was detected in mitochondrial genomes and the Charales hypothesis lost support when heterogeneous data were removed. These results

indicate that even though ever richer data analyses are possible, data assessment and appropriate phylogenetic modelling and analysis are critical for correct phylogenetic

inference. In summary, the hypothesis that Zygnematales are the sister-group to land plants as inferred from chloroplast genomes (and nuclear genome data) is more likely to be

the correct phylogeny.


