
Deciphering Dictyostelium
Biology: From Genetic 
Pathways to AI Systems for 
Knowledge and Discovery
A collaborative journey of a biologist 
and a data scientist



Dictyostelium amoebae aggregate into 
mounds of thousands of cells

1 mm 1 mm



cAMP chemotaxis

Shigenori HiroseMovies by S. Lee and R. Firtel, UCSD



cAMP signaling
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Epistasis in the PKA pathway

yakA pufA

pkaCpkaR developmentacaA

regA

Souza, G. M., Lu, S. & Kuspa, A. Development 125, 2291-2302 (1998).
Souza, G. M., da Silva, A. M. & Kuspa, A. Development 126, 3263-3274 (1999).



Epistasis rules (simplified)

Mut A    -  PA yakA– - no development
Mut B    -  PB      pufA– - yes development
Mut AB -  PAB   yakA– pufA– - yes development

If PAB = PB then B is epistatic (A        B)

If (PAB ≠ PA) and (PAB ≠ PB) then A||B  (parallel paths)

In a linear signaling pathway:

yakA pufA

pkaCpkaR developmentacaA

regA



Can a computer do it? I don’t think anybody tried

What is epistasis? What is it good for?
What is a gene?
What is a protein?
What is a mutation?
What is a phenotype? Is it always true?
How many possible pathways are there?
Are genes always in pathways?
How to you measure a phenotype?
How many more questions can you answer?

OKCan I try?



Yes, a computer can do epistasis analysis

Zupan B., et al., Bioinformatics 19(3), pp.383-389, 2003.
Zupan B., et al., Artificial Intelligence in Medicine 29(1-2), pp.107-130, 2003.

www.genepath.org



Epistasis is commonly used in biomedical 
sciences



Transcriptome 
analysis
• Dictyostelium has 13,892 genes

• DNA – RNA – Protein

• Some mRNAs are always present

• Some are present under certain conditions 



We can measure the expression of all the 
genes at once

Parikh et al. (2010). Genome Biol 11, R35. 
10.1186/gb-2010-11-3-r35.



Transcriptome phenotyping in epistasis 
analysis

yakA pufA

pkaCpkaR developmentacaA

regA

Van Driesshe et al., (2005). Nature Genetics 37, 471-477.



Visual analytics without scripting

Curk et al., (2005). Bioinformatics 21, 396-398. 

Rot et al., (2009) BMC Bioinformatics 10, 265
Stajdohar et al., (2017). BMC Bioinformatics 18, 291
Trnovec et al., submitted

Orange



Hirose et al., Science 2011
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+ AX4

tgrB1QS38 tgrC1QS38 
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Compatible Incompatible

Allorecognition



Allorecognition

Same allotype

Different allotypes

Hirose et al., Science 2011



C1QS31 B1QS31C1QS31 B1QS31

TgrB1 and TgrC1 mediate allorecognition
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Hirose et al., Science 2011
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TgrB1-C1 signal transduction 
Ligand-Receptor interaction
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Development

Ligand Receptor

Hirose et al., J. Cell Sci. 2017



B1AX4
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Development
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Random mutagenesis

TgrB1-C1 signal transduction 
genetic screen for components

B1AX4C1QS38

Li et al., Genome Res. 2016



Suppressor screen

63 mutant 

strains

Whole-genome shotgun 

sequencing

~20X coverage

20 mutations per genome

Li et al., Genome Res. 2016

rapgapB        19 strains,   17 alleles

tgrB1          9 strains,     6 alleles

others      >30 strains,   >2 alleles ea.



Causative mutations in rapgapB

tgrB1AX4tgrC1QS38
tgrB1AX4tgrC1QS38

rapgapBmut

+ rapgapBWT

tgrB1AX4tgrC1QS38

rapgapBmut

Li et al., Genome Res. 2016



Mutual suppression between 
tgrB1/C1 and rapgapB

16hr 24hr
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tgrC1–

AX4

2mm
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rapgapB– tgrB1–

rapgapB– tgrC1–

Lehmann et al. (2024). iScience, 27, 111125. 
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Mutual suppression restores WT 
development

Katoh-Kurasawa et al., (2025) BMC Genomics 26:563.
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Predicting TF regulation with AI

From JackWestin.com

Data sources
34 Mb of genome sequence
13,892 protein-coding genes
127 Transcription factors
37 TFs with binding specificity information
9 species: synteny and evolutionary conservation
50 RNA-seq datasets, ≥7 time points
3 scRNA-seq datasets in triplicates, 6 time points
2 ChIP-seq datasets
13,000 publications about Dictyostelium
> 5,000 mutants analyzed 
1,197 mutants with developmental defects

For each TF, predict the 
developmental role and the target genes

Lena Trnovec



dictyNet - An interactive tool for biological 
                                  knowledge exploration through natural language

Jakob Mraz



AI-assisted framework for updating scientific 
books with evidence from the literature

Yun Wang

Kessin, 2001



Collaboration across disciplines

Mutual respect
Communication
Open minds
Patience

Democratization
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