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Supplementary information:  
 
 
 
phylogenetic reconstructions 
 
To identify the putative orthologous genes involved in Pi starvation responses, we select a 
core of previous characterized genes from Arabidopsis as query. Their functions are related 
to Pi sensing, lipid turnover and transport. Furthemore, to cover the land phylogeny we select 
the 25 genomes distributed along viridiplantae (Figure 1S). Genome data was taken from 
phytozome (https://phytozome.jgi.doe.gov/pz/portal.html), P. abies genome project 
(http://congenie.org/blast)  and fern base (https://www.fernbase.org/). After data collection, 
according to the procedure described in the methods section, we change the ID of each 
sequence using the first letter of the name in upper case followed by the first two letters of the 
second name in lowercase (eg. Marchantia polymorpha = Mpo). Then we assigned a 
continuous number to make a difference between protein members of the same family (ei. 
Mpo_001). Here, find you the phylogenetic reconstructions.  
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Figure 1S. Species selected for the evolutionary analysis 
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Figure 2S.- Phylogenetic reconstruction of the SPX class 1 family (ML-PROT-JTT 1000 
bootstrap).The SPX proteins of chlorophyte algae group in the base of tree as our outgroup. 
Close to Chlorophytes we found the sequences of streptophyte algae. In green we show the 
SPX4 clade, including the AtSPX4 from A. thaliana and MpSPX from M. polymorpha. then, 
the SPX3 clade is in blue and the SPX1/2 clade in pink. Labels of A. thaliana are colored in 
blue and M. polymorpha label is in red. The bootstrap support values have been shown in red 
circle, in a range from 60-100% which correlates with circle size. 
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Figure 3S.- Phylogenetic reconstruction of the MYB-CC family (ML-PROT-JTT 1000 
bootstrap). The chlorophyte algae forms the outgroup at the base of the tree, here Cre_003 is 
the PSR1 gene. In blue light is the PHR5 clade, in green is the clade of PHR1/2/3/4/7 and in 
yellow the PHR 6/8/9/10/11/12/13. Labels of A. thaliana are colored in blue and M. polymorpha 
label is in red. The putative MpMYB-CC are in the yellow clade, MpPHR1 and MpPHR2 are 
closely related to AtPHR6  and MpPHR2 is close to AtPHR8/9/12. The bootstrap support 
values have been shown in red circle, in a range from 60-100% which correlates with circle 
size. 
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Figure 4S.- Phylogenetic reconstruction of the SIZ1 (PROT-JTT-I-F 1000 bootstrap 
replicates).The phylogenetic reconstruction of SIZ1 correlates with the evolution of land plants. 
We find first the chlorophytes proteins, followed by the streptophyte algae sequences. The 
MpSIZ clusterize with sequences of P. patens and the early divergent vascular plants. Labels 
of A. thaliana are colored in blue and M. polymorpha label is in red. The bootstrap support 
values have been shown in red circle, in a range from 60-100% which correlates with circle 
size. 
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Figure 5S.- Phylogenetic reconstruction of the STOP1 (PROT-JTT-I-F 1000 bootstrap 
replicates). In the chlorophyte genomes sampled we are not able to detect the putative 
orthologous proteins for STOP1. In this case, the out group is the streptophyte algae (label 
w/o color). Then phylogeny splits in two clades, green is STOP1 clade and yellow STOP2 
clade. Into the STOP1 clade, we found the M. polymorpha sequences. The STOP2 clade only 
shows sequences since P. abie. Labels of A. thaliana are colored in blue and M. polymorpha 
label is in red. The bootstrap support values have been shown in red circle, in a range from 
60-100% which correlates with circle size. 
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Figure 6S.- Phylogenetic reconstruction of the ALMT1 (PROT-JTT-I-F 1000 bootstrap 
replicates). The sequences from non vascular plants and S. moellendorffii form an out group, 
when we found the four locus of M. polymorpha. then we found three major clades, in blue 
clade we found the AtALMT9/10/11/12/13. The green clade contains the AtALMT6/7/8  and in 
yellow AtALMT1/2/3/4/5. Labels of A. thaliana are colored in blue and M. polymorpha label is 
in red. The bootstrap support values have been shown in red circle, in a range from 60-100% 
which correlates with circle size. 
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Figure 7S.- Phylogenetic reconstruction of LPR-L (PROT-JTT-I-F 1000 bootstrap 
replicates).The phylogenetic reconstruction of LPR1 show two clades, the blue clade named 
LPR1-Like contain sequences from bryophytes to ferns and the other clade contain sequences 
since ferns to angiosperms. Labels of A. thaliana are colored in blue and M. polymorpha label 
is in red. The bootstrap support values have been shown in red circle, in a range from 60-
100% which correlates with circle size. 
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Figure 8S.- Phylogenetic reconstruction of the PDR2 (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction clusterize the sequences in two clades, named 
PDR2-Like (Yellow) and PDR2 (Green). The PDR2-Like clade contains sequences from green 
algae to ferns, but not for flowering plants. The PDR2 clade displays sequences from green 
algae to flowering plants. Labels of A. thaliana are colored in blue and M. polymorpha label is 
in red. The bootstrap support values have been shown in red circle, in a range from 60-100% 
which correlates with circle size. 
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Figure 9S.- Phylogenetic reconstruction of the RAE (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction clusterize the sequences in two clades, named 
RAE1/2 (Green) and RAE3 (Yellow). The M. polymorpha sequences MpRAE1/2 belong to the 
clade of RAe1/2 and are the most putative orthologous genes to AtRAE1. While the MpRAE3 
is clusterized with the AtRAE3. Labels of A. thaliana are colored in blue and M. polymorpha 
label is in red. The bootstrap support values have been shown in red circle, in a range from 
60-100% which correlates with circle size. 
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Figure 10S.- Phylogenetic reconstruction of the XPL (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two clades, one for the chlorophyte 
genomes and other in green for the streptophytes. Labels of A. thaliana are colored in blue 
and M. polymorpha label is in red. The bootstrap support values have been shown in red circle, 
in a range from 60-100% which correlates with circle size. 
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Figure 11S.- Phylogenetic reconstruction of the PAH (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two sister clades for the AtPAH1 and 
AtPAH2 in yellow and green ,respectively. the MpPAH forms another clade with sequences 
from bryophytes, early divergent vascular plants, in blue. Labels of A. thaliana are colored in 
blue and M. polymorpha label is in red. The bootstrap support values have been shown in red 
circle, in a range from 60-100% which correlates with circle size. 
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Figure 12S.- Phylogenetic reconstruction of the PLA (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two sister clades for the AtPLA1/2/3 and 
AtPA4/5/6/7/8/9 in green and blue ,respectively. Labels of A. thaliana are colored in blue and 
M. polymorpha label is in red. The bootstrap support values have been shown in red circle, in 
a range from 60-100% which correlates with circle size. 
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Figure 13S.- Phylogenetic reconstruction of the PLDz (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two sister clades for the AtPLDs1/2/3 and 
AtPA4/5/6/7/8/9 in green and blue ,respectively. Labels of A. thaliana are colored in blue and 
M. polymorpha label is in red. The bootstrap support values have been shown in red circle, in 
a range from 60-100% which correlates with circle size. 
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Figure 14S.- Phylogenetic reconstruction of the DAG (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction for DAG shows two clades, chlorophytes and 
streptophytes (Blue) respectively. Labels of A. thaliana are colored in blue and M. polymorpha 
label is in red. The bootstrap support values have been shown in red circle, in a range from 
60-100% which correlates with circle size. 
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Figure 15S.- Phylogenetic reconstruction of the MGD (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction clusterize in two clades, one includes sequences 
from chlorophyte genomes. The other contains the sequences of streptophytes, into the clade, 
we found two subclades for the flowering plant sequences. Labels of A. thaliana are colored 
in blue and M. polymorpha label is in red. The bootstrap support values have been shown in 
red circle, in a range from 60-100% which correlates with circle size. 
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Figure 16S.- Phylogenetic reconstruction of the DGDG (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows that embryophyte sequences form two 
clades, DGDG1 in green contain sequences exclusively of vascular plants. Whereas the 
DGDG2 in yellow contains sequences of bryophytes. Labels of A. thaliana are colored in blue 
and M. polymorpha label is in red. The bootstrap support values have been shown in red circle, 
in a range from 60-100% which correlates with circle size. 
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Figure 17S.- Phylogenetic reconstruction of the MGDG (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction clusterize the MGDG sequences of 
embryophytes in a single clade (green), however the flowering plants form two subclades. 
Labels of A. thaliana are colored in blue and M. polymorpha label is in red. The bootstrap 
support values have been shown in red circle, in a range from 60-100% which correlates with 
circle size. 
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Figure 18S.- Phylogenetic reconstruction of the SQD (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows a single clade, for SQD sequences which 
clusterize according to the species tree. Labels of A. thaliana are colored in blue and M. 
polymorpha label is in red. The bootstrap support values have been shown in red circle, in a 
range from 60-100% which correlates with circle size. 
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Figure 19S.- Phylogenetic reconstruction of the PHT (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two clades, in blue the PHT1 and in yellow 
the PHT1-like. MpPHT1/3/4 belongs to PHT1 clades and MpPHT2 to PHT1-Like. Labels of A. 
thaliana are colored in blue and M. polymorpha label is in red. The bootstrap support values 
have been shown in red circle, in a range from 60-100% which correlates with circle size. 
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Figure 20S.- Phylogenetic reconstruction of the VTP1 (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction shows two clades, in blue the VTP-like and in 
green the VTP1/2/3. Labels of A. thaliana are colored in blue and M. polymorpha label is in 
red. The bootstrap support values have been shown in red circle, in a range from 60-100% 
which correlates with circle size. 
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Figure 21S.- Phylogenetic reconstruction of the NLA (PROT-JTT-I-F 1000 bootstrap 
replicates).  The phylogenie shows two clades for AtNLA1 and AtNLA2 in blue and green 
respectively. Also, additional clades named NLA-like (Yellow) contain sequences from 
bryophytes. Labels of A. thaliana are colored in blue and M. polymorpha label is in red. The 
bootstrap support values have been shown in red circle, in a range from 60-100% which 
correlates with circle size. 
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Figure 22S.- Phylogenetic reconstruction of the PHF (PROT-JTT-I-F 1000 bootstrap 
replicates).  The phylogeny shows two clades for AtPHF1 and AtPHF2/3 in green and yellow 
respectively. Also, additional clades named PHF-like (Blue) contain sequences from 
bryophytes. MpPHF1-L is the most putative orthologous gene of AtPHF1. Labels of A. thaliana 
are colored in blue and M. polymorpha label is in red. The bootstrap support values have been 
shown in red circle, in a range from 60-100% which correlates with circle size. 
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Figure 23S.- Phylogenetic reconstruction of the PHO1 (PROT-JTT-I-F 1000 bootstrap 
replicates).  The phylogenetic reconstruction clusterize two clades for AtPHO1/3 and AtPHO3-
11 in yellow and green, respectively. Labels of A. thaliana are colored in blue and M. 
polymorpha label is in red. The bootstrap support values have been shown in red circle, in a 
range from 60-100% which correlates with circle size. 
 
 
 
 
 
 
 
 



25 
 

 
 
 
Figure 24S.- Phylogenetic reconstruction of the PHO2 (PROT-JTT-I-F 1000 bootstrap 
replicates). The phylogenetic reconstruction clusterize two clades for AtPHO1/3 and AtPHO3-
11 in yellow and green, respectively. Labels of A. thaliana are colored in blue and M. 
polymorpha label is in red. The bootstrap support values have been shown in red circle, in a 
range from 60-100% which correlates with circle size. 
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Supplementary figure 25.  Phenotypical response to Pi availability on marchantia 

polymorpha. We sown gemmae on media MS supplemented with Pi at  0, 10, 25, 50, 100 and 

500 µM.  The effect of Pi availability on thallus development were registered by photographs 

at 7, 14 and 21 DAS.  
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Supplementary figure 26.  Thallus promotes media acidification under low Pi availability. 

We sown gemmae on media MS supplemented with +Pi (500 µM) and -Pi (10 µM) for 7 days.  

Then we transfer the thallus to the same medium supplemented with bromocresol purple at 5.7 

pH (color red), we incubate overnight and then pictures were taken. A) Showed no change in 

color indicator for the thallus under +Pi. B) Showed a change from red to yellow which means 

the acidification in the area behind thallus and rhizoids in response to low Pi. 
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Supplementary figure 27. Transcriptional regulation of genes involved in organic acid 

biosynthesis and exudation. The heatmap shows the transcriptional profile in log2FC of genes 

involved in malate/citrate synthase and transport. Orange color represents up regulated genes, 

black no change genes and blue means down regulated genes under Pi starvation. 
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Supplementary figure 28. Transcriptional regulation of genes involved in lipid turnover. The 

heatmap shows the transcriptional profile in log2FC of genes involved in phospholipid 

degradation and sulpholipid/galactolipid synthesis. Orange color represents up regulated genes, 

black no change genes and blue means down regulated genes under Pi starvation. 
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Supplementary figure 29. Transcriptional regulation of peroxidases (MpPRXs) genes. The 

heatmap shows the transcriptional profile in log2FC of MpPRXs genes involved in ROS 

signaling. Orange color represents up regulated genes, black no change genes and blue means 

down regulated genes under Pi starvation. 
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Supplementary figure 30. Transcriptional regulation of NADPH oxidase (MpNOXs) genes. 

The heatmap shows the transcriptional profile in log2FC of MpNOXs genes involved in ROS 

signaling. Orange color represents up regulated genes, black no change genes and blue means 

down regulated genes under Pi starvation. Mapoly0046s0097 

 

 

 

 

 

 

 
Supplementary figure 31. Transcriptional regulation of genes related to aronidin 

biosynthesis. The heatmap shows the transcriptional profile under low Pi conditions of several 

genes involved in the biosynthesis of the auronidins. Orange color represents up regulated 

genes, black no change genes and blue means down regulated genes under Pi starvation. 
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Supplementary figure 32. Table for qPCR primers. Shows the MpID for both genome version 

3.1 and 5.1, gene name and primer sequence used for qPCR validation. 

 

 
 


