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 Folate Biosynthesis Pathway
• Folate is an essential metabolite in single carbon transfer reactions such as those 
involved in the biosynthesis of:
 - Adenine
 - Purine
 - Methione
 - Histidine
 - Formyl-tRNA (1)
• The loss of this pathway in the animals and its high degree of conservation makes it a 
potent anti-pathogen drug target (2)
• Biosynthetic enzymes in this pathway have been discovered in both monofunctional 
unfused forms and as a series of bi-functional and tri-functional fusion genes
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 Findings
• By sequencing the tri-fusion in Acanthamoeba castellanii it was possible to conclude 
that due to its presence in the mycetozoan slime moulds the tri-fusion is an SDC for 
unikonts with secondary losses
• Using phylogentics and comparative genomics it was possible to determine several key 
events in the evolution of the folate biosynthesis genes within the eukaryotes:
 - HPPK-DHPS bi-fusion as putative ‘synapomorphy’ for the eukaryotes (with 
 secondary losses)
 - DHNA-HPPK-DHPS tri-fusion identified as possible ‘synapomorphy’ for the     
 unikonts (Amoebozoa and Opisthokonta)
 - Duplication of the DHNA domain in the Dikarya (Fungi)
 - Paulinella chromatophora horizontal gene transfer
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 Gene fusions
• Gene fusions occurs when two or more open reading frames
(ORFs) become a single ORF (6)
• A gene fusion event occuring mainly by:
 - Chrosomal inversion
 - Interstitial deletion
 - Chrosomal translocation (5)
• Gene fusion/fissions, introns, insertion/deletions and horizontal gene transfers 
are rare genomic changes (RGCs) and can be used as a shared derived 
character (SDCs)
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FIGURe (A): shows the pterin branch section of the folate biosynthetic pathway in which the 
DHNA-HPPK, HPPK-DHPS, DHFR-TS, and DHNA-HPPK-DHPS fusion forms occur. Data from the 
KeGG database.
 FIGURe (B): shows the distribution of fused and unfused forms of the folate biosynthetic enzymes 
shown in figure A as determined by automated annotation of phylogenies using a modified version 
of the program featured in (3). Two on the figure indicates a duplication of that domain and the 
asterixes mark the taxa that are in the KeGG database.

 Why is the folate tri-fusion a potentially useful SDC?
• Folate biosynthesis bi-fusions have been used to polarise ancient relationships within 
the eukaryotes (8)
• DHNA-HPPK-DHPS tri-fusion is most likely the product of 2 independent and rare 
fusion events therefore the probability of multiple incidences of the triple domain fusion 
occuring is relatively low compared to single RGC fusion characters such as DHFR-TS 
fusion and it is therefore less likely to independently arise in different taxa
• The folate biosynthesis pathway is present across the domains suggesting it is an 
ancient innovation
• By combining comparative genomics and use of concatenated phylogenies it was 
possible to identify and account for the phenomena limiting the use of gene fusions as 
SDCs in the case of this tri-fusion

 Shared derived characters
• SDCs are traits which have evolved in a common ancestor and are shared by 
the descendents of this ancestor
• The presence or absence of this structure can thus be used as a cladistic device 
(allowing trait polarisation) 
• This can be useful in identifying deep-branching clades within the tree of life

 Limitations
• The usefulness of a gene fusions as an SDCs is limited by four potential 
evolutionary phenomena which must be accounted for (6,7): 
 - HGT
 - Hidden paralogy
 - Reversions (including both loss and fissions)
 - Convergent evolution 

FIGURe (e): evolutionary relationships predicted from the folate biosynthesis genes phylogenies 
and comparison of fusion states across taxa.

FIGURe (C): shows the proceedure used to determine whether the DHNA, HPPK and 
DHPS domains in Acanthamoeba castellanii are transcribed as a single gene fusion. 
 FIGURe (D): shows a simplified diagrammatic overview of the overlapping primer sets 
used to demonstrate that the folate biosynthesis genes are transcribed as a single tran-
script.
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Acanthamoeba castellanii
• The DHNA-HPPK-DHPS tri-fusion has currently only been identified in the my-
cetozoan slime moulds
• Acanthamoeba represents a distant releative of the mycetozoa within the 
Amoebozoa
• Therefore, by identifying the presence of this gene fusion within Acanthamoeba 
it demonstrates the presence of the fusion in two highly divergent branches of the 
Amoebozoa and thus suggests the character across the Amoebozoa as a whole


