Deciphering Dictyostelium

Biology: From Genetic
Pathways to Al Systems for
Knowledge and Discovery

A collaborative journey of a biologist
and a data scientist




Dictyostelium amoebae aggregate into
mounds of thousands of cells




cAMP chemotaxis

Movies by S. Lee and R. Firtel, UCSD
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Epistasis in the PKA pathway
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Souza, G. M., Lu, S. & Kuspa, A. Development 125, 2291-2302 (1998).
Souza, G. M., daSilva, A. M. & Kuspa, A. Development 126, 3263-3274 (1999).



Epistasis rules (simplified)

yakA = pufA
MutA - P, yakA -nodevelopment \/
MutB - Py pufA--yes development 2cop — phaf — plaC=—=> developmen
Mut AB - P,g vakA™ pufA--yes development T

regA

In a linear signaling pathway:

If Pag = Py then B is epistatic (A—> B)
If (Pag? P4) and (P4g 2 Pg) then A||B (parallel paths)



Can a computer do it?

| don’t think anybody tried

Can | try?
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 voll meaciire a nhenotvne?



Yes, a computer can do epistasis analysis
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Zupan B., et al., Bioinformatics 19(3), pp.383-389, 2003.
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Epistasis is commonly used in biomedical

clences

RESOURCES
Botanical

Bounty

Blossoms

If you're looking for articles and books on plants or fungl, check out
the bibliography of American botanical Uterature available at the
New York Botanical Garden's newdy spruced-up site The database's
nearly 39,000 entrles include references from as far back as 1886,
A project the garden began 4 years ago (NetWatch, 29 October
1999, p. 867) has also come to frultion. You can now consult more
than 85,000 images of type specimens—the original samples tax-
onomists used to describe a specles—such as this magnolia leaf
(Magnolla roraimae) collected in Venezuela in 1944 (above).

sciweb.nybg.org/science2

NETWATCH|

edited by Mitch Leslie

EDUCATION

No-Spill Chemistry Lab

Doing chemistry In cyberspace can't
duplicate the atmosphere of the real
thing, with the clink of glassware and
the hiss of Bunsen burners. On the oth-
er hand, nothing can blow up or catch
fire, students can easily restart botched
experiments, and there’s no mess to
clean up. This virtual laboratory applet
from Camegie Mellon University in
Pittsburgh gives students a taste of lab
experiments and lets them practice tak-
ing measurements and planning their work. Aimed at beginning un-
dergrads, the more than 20 Investigations probe topics such as
chemical equilbrium, stoichiometry, and temperature’s effects on

TOOLS solubility. Lab necphytes
. . can try their hand at various
Making Genetic IMAGES muﬁm such as titra-
. s . .l tion, pipetting, and dilution.
Connections Fire in the Sky Irremmamucprofect
Genetic pathways govern mary Eerie red and green light paints the heavens near Dover, Oklahoma, applets/virtuallab
of life’s biggest choies, from where firefighter Dave Ewoldt snapped this photo on 29 October.
whether a sime mold cell gloms It’s rare for the aurora borealis to be seen so far south. But last WEBCAST
onto others or remains aloof, to week a humongous belch of lonized gas from the sun crashed into .
whether a nematode hunkers Earth’s magnetic field, making the northern lights visible even in Searchlng for
down In a stress-resistant form. Texas. This gallery” showcases some skywatchers’ observations of if
GenePath, a network analysis the gaudy display. For more information on the sun's latest out- Life Less
tool from Baylor College of bursts—which include the largest solar flare in 12 years—see this Ordina
Medidne In Houston and the national Space Environment Center site.' There you'll find real- ry
Hollywood has supplied its

University of Ljubljana in Slove- time aurora maps, solar wind data, forecasts, and more.

nla, can help researchers discem . ’
these genetic “chains of com-
mand” in organisms such as
fruit flles and nematodes.

Sclentists can work out the
links by hand from studies
of how organisms
whether they congregate or
sprout spores, for instance—
when one or more of the genes
doesn't work. But it's a time-
consuming headache. "Most
people can only think about
four or five genes at once,” says
geneticist and co-creator Adam
Kuspa of Baylor. GenePath au-
tomates the analysis, letting
users enter results from their
own work and findings from the Uterature. The tool then deduces the
Interconnections, determining which genes fall in the same pathway.
CGenePath can also suggest further studies to shore up weak links in
the inferred network. Kuspa and colleagues plan to upgrade their cre-
ation to accommodate data from gene chips.

www. genepath org

vislons of extraterrestrial
life, from the cozing, flesh-
hungry mass of The Blob to
Star Trek's ultranerdy Mr.
Spock. During this 15 to 22
November serles of daily
Webcasts from the Explor-
atordlum in San Frandsco,
experts will have thelr say
about questions such as
Does life flourish on other
planets? If so, what might it
look like, and how will we
recognize it?

Scheduled speakers in-
clude chemist David Deam-
er of the University of Cali-
fornia, Santa Cruz, who is
cooking up a novel recipe for Life’s origins on Earth, and UC Berkeley
astronomer Dan Wertheimer, who listens for alien radio signals. The
serles will also feature experiments and on-the-spot reports from
places such as Chile’s 5900-meter-high Ucancabur velcano, which
cradles icy lakes that might replicate early conditions on Mars.

www.exploratorium edu/astroblology

Send site suggestions to retwatch@asas org, Archive: www sciencemag ong/netwatch

www.saencemagorg SCIENCE VOL 302 7 NOVEMBER 2003



Transcriptome
analysis

Dictyostelium has 13,892 genes

DNA - RNA - Protein

Some mMRNAs are always present

Some are present under certain conditions




We can measure the expression of all the
genes at once

D. purpureum D. discoideum
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Transcriptome phenotyping in epistasis
analysis

yakA =] pufA

acaA =) pkaR =—] pkaC% development

regA

Van Driesshe etal., (2005). Nature Genetics 37, 471-477.
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Allorecognition

Compatible Incompatible

tgrB14% tgrC 1A% tgrB 109538 tgrC 12538
+ AX4 + AX4

Hirose et al., Science 2011



Same allotype

Different allotypes

Allorecognition
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Hirose et al., Science 2011




TgrB1 and TgrC1 mediate allorecognition

C1 AX4
— C1 — B1 —
B1 AX4
C1Qs31 B 1QS31
— - —— B — C1A%4 — p1AX4 ——
B1QS31 C1Qs31

Hirose et al., Science 2011



TgrB1-C1 signal transduction

Ligand-Receptor interaction

Ligand
C1AX4

B1AX4

Receptor
AX4
B1 ~
~
C1AX4 \
Development

Hirose et al., J. Cell Sci. 2017



TgrB1-C1 signal transduction

genetic screen for components

C1Qss3s B1AX4 &

Y T .- ~
B1AX4 C1Qsss ~
Development

lRandom mutagenesis

C1Qs38 B1AX4 ~

*

B1AX4 C1Qs38 \
Development

Li et al., Genome Res. 2016



Suppressor screen

63 mutant
strains
Whole-genome shotgun rapgapB 19 strains, 17 alleles
sequencing tgrB1 9 strains, 6 alleles
~20X coverage others >30 strains, >2 alleles ea.

b

20 mutations per genome

Li et al., Genome Res. 2016



Causative mutations in rapgapB
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Mutual suppression between
tgrB1/C1 and rapgapB

rapgapB- 16h

Lehmann et al. (2024). iScience, 27, 111125.



Mutual suppression restores WT
development
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Predicting TF regulation with Al

B dictyexpress T
Candidate ranking
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diCtyN €1 - Aninteractive tool for biological
knowledge exploration through natural language

References Q Context Window Usage: 57.0k /1... = { e o ¢ S

Bader et al.,
2007

Positive

yakA ACA produces cAMP for secretion and signal relay to
neighboring cells. ERK2 and TORC2 are additional

Bolourani et al., cAMP-responsive signaling activities whose responses

2010 change as cells progress from streams to aggregates.
Separately, intracellular cAMP activates PKA, which
Brazill et al., participates in developmental regulation and
1997 adaptation of the ERK2 response (Das et al., 2011;
rasC Anjard et al., 1993; Knetsch et al., 1996).
Chen et al., 1997
S how is pkaC regulated in this context?
Comer et al., &
2005 O

PkaC is regulated chiefly through PKA's regulatory
subunit, PkaR. PkaR associates with and inhibits the
catalytic subunit; when intracellular cAMP binds PkaR,

Das et al., 2011 »
@/ 4 that inhibition is relieved and PkaC activity rises. This is
Kim et al., 2014 ) distinct from extracellular cAMP binding the surface

; 7 : receptor cAR1 (Anjard et al., 1993; Krishnamurthy et al.,
Knetsch et al.,
1996

Poeting The strength and duration of that response depend on

Kon et al., 2000 \ the intracellular cAMP pool: the phosphodiesterase

2015).
RegA degrades cAMP and can interact with PkaR,

helping terminate signaling. During the onset of
development, YakA also promotes pkaC expression;
conversely, increased PkaC can support expression of

é acaA, which encodes the aggregation-stage adenylyl

Krishnamurthy et
al., 2015

Root et al., 1999 cyclase (Bader et al., 2007; Krishnamurthy et al., 2015;
Kim et al., 2014; Kon et al., 2000).

Schoen et al.,
1992

Ask a question...

g 4



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

BOOK-LEVEL EDITORIAL LOOP

| Integrated ‘..

Evuhmm l’.elﬂilnuy TR
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i = | s Expert review
| Existing book J ] g -~
o Section tasks Revised section drafts | ;
% Section n : :
o Section 2 feedback |
S |
e Section 1 REPEAT FOR EACH SECTION !
|
Kessin, 2001 & i v
) Retneve & assess ___ Rewrite with citations __ Evaluate et
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Collaboration across disciplines

Mutual respect
Communication
Open minds
Patience

Democratization
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