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Intro/Background
Living organisms rely on communication
networks to sense and respond to changes in
their environment. 

Mitogen-activated protein kinase (MAPK)
signaling pathways



Intro/Background
Mitogen-activated protein kinases (MAPKs)
belong to a family of protein Ser/Thr kinase
that play a key role in signal transduction

Converts signals from outside the cell  into a
series of phosphorylation events within the cell.

MAPKs regulate a diverse range of cellular
processes.

Gene expression
Cell division
Survival
Apoptosis 
Differentiation 



Intro/Background
Disruptions in MAPK signaling

uncontrolled cellular processes such as
sustaining proliferative signaling
become oncogenic 



Rationale and Hypothesis
Conservation of MAPK signaling across
eukaryotes suggests a fundamental
pathway connecting diverse life forms.

If this is true: 
Fungi and animals share a closer
evolutionary relationship than plants
on the species tree

Is this also true? (hypothesis) 
Fungal MAPKs are more similar to
animal MAPKs than plant MAPKs 

(Gladieux et al., 2013)



Application 
By knowing fungal MAPKs are more similar to
animal MAPKs than plant MAPKs....

Conserved MAPK signaling pathway

Target the specific features of fungal MAPKs that
differ from animal MAPKs, we could potentially
create drugs that are effective against fungal
infections with minimal side effects on animals and
humans.



15 annotated genomes and outgroup



15 annotated genomes and outgroup list



Work Flow

select 15 annotated genomes and outgroup

run OrthoFinder

run MAFFT Multiple Sequence Alignment 

Notung gene tree-species tree reconciliation



OrthoFinder Species Tree



MAFFT Multiple Sequence Alignment 
At1g10210 and At3g45640 sequences were  
identified in previous studies as MAPK protein
sequences of Arabidopsis thaliana and search on
NCBI

Retrieve protein sequence from GenBank 

Search on  BLASTp to get top accession
number

Grep in Orthogroup result file to find to
identify the relevant MAPK orthogroup

 GO trem: OG0000053 orthogroup 



MAFFT Multiple Sequence Alignment Result 

MAFFT result of OG0000053 MAPK orthogroup 

High degree of conservation across positions 248 to 718 of the MAPK orthogroup
sequences



IQ-TREE maximum likelihood phylogenetic tree  
Creinhardtii-XP_042918152.1 and
Creinhardtii-XP_042918154.1, were
used to reroot the tree.

Support values are generally greater
than or equal to 95



Notung gene tree-species tree reconciliation
Reconciliation Information

      - Duplications: 151
      - Co-Divergences: 0
      - Transfers: 0
      - Losses: 83
      - Number of Temporally Feasible    
         Optimal Solutions: 1

Gaining new function or a
subfunction of the original function of
the gene 



Conclusions
Comparative analysis of gene trees and species trees does
show that fungal MAPKs are more similar to animal MAPKs
than plant MAPKs

This aligns with the known evolutionary relationship between
animals and fungi

Potential developing targeted antifungal drugs with minimal
side effects toward animals and humans
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