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Cichlid fish
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(Ronco et al., 2020)

“the most outstanding example of adaptive radiation”

Journal club

Cichlid fishes have evolved highly diverse diets.
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feeding apparatus responsible for the uptake and mastication of foods
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What are the nature and extent of dietary
adaptations in the digestive tract during
adaptive radiations?
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Cellular diversity in cichlid intestines

24 species, 13 clades
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Cellular diversity in cichlid intestines

How are they spatially distributed?

conserved intestinal marker genes
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Transcriptome evolution in the intestine

Gene expression divergence (AUC)

Gene expression divergence follows an
Ornstein—-Uhlenbeck (OU) model.
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Transcriptome evolution in the intestine

Why do absorptive cells evolve so fast and diverge so much?

Transcriptome Age Index Protein—Protein Interactions . Absorptive cells express evolutionar”y "younger" genes,
indicating reduced phylogenetic constraints.

* High tissue specificity and fewer protein-protein
interactions (PPIs) in absorptive cells reflect relaxed
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Adaptive cellular evolution in cichlids

Whether or not this variation adaptive—i.e., directly related to what the cichlids eat?
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Quantitative ecological traits =
613C values + 615N values + normalized gut length +
diet ecology vector + Oral jaw + LPJ

*Stable Isotopes (Gold standard) BRI BEY

°615N: Reflects trophic level (Carnivores > Herbivores).

°613C : Reflects food source origin (Benthic > Pelagic).
*Morphological Traits I3 fitri kv iZinssh¥
oStandardized gut length (longer in herbivores).
oLower Pharyngeal Jaw (LPJ) morphology.
°Oral Jaw
*Dietary Ecological Vector
°A mathematical summary combining the above traits to
represent overall dietary inclination.
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Adaptive cellular evolution in cichlids

Does diet really dictate what cells grow and what genes are expressed in the intestine?
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Molecular basis of dietary adaptations

» 23-98 genes associated with each dietary

» The evolution of the expression of most genes was

» Ecologically relevant genes showed high interspecific

predictor better captured by an OU model than by BM variability in expression confirmed by ISH
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Molecular basis of dietary adaptations

Diet ecology vector Gene expression
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» Rapid, cell-type-specific gene expression changes within anterior enterocytes directly facilitated specific diets, ultimately speeding up the
formation of new species later in the radiation.



Takeaways & Limitations

* Anterior enterocytes (Enterocyte 1) are the
core cellular targets for dietary adaptation.

* Trophic niche divergence directly drives
guantitative changes in intestinal cellular
composition.

* Fast-evolving, cell-population-specific genes
form the molecular basis of dietary
adaptation.

e Adaptive evolution occurs across multiple
levels of biological organization.

Single replicate per species

One individual per species — within-species variation

unquantified.
Correlation # causation
Cannot determine whether diet drives cell

composition or vice versa.

Adult-only snapshot

No ontogenetic time series — unclear when cell-ratio

differences are established
Cell fate specification vs. progenitor pool expansion
remains unresolved
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Future Directions

Ontogenetic Time-Series Analysis
Determine the underlying molecular and temporal dynamics
of epithelial cell fate specification.
Track progenitor pool expansion from embryonic to adult

stages.

Host-Microbiome Interactions
Investigate how varying intestinal microbial landscapes
influence epithelial cell specification.
Assess the microbiome's impact on overall intestinal
architecture and function.

Immune System Crosstalk

Explore the extent to which immune system activities shape
diet-related cellular adaptations.

"

Onychostoma

.
o o

°°°°°

o °*
LI

Natural connectivity: 0.0465
LIPA OTUs: 16.67%

O

— 0 @«

. et
o

Schizopygopsis Schizothorax
4 o g0 °
o . &3 2 .
4 ° & qal .
4 ° S Ay o
° . °® ot c o
’ = ° %o °e
o oo 0 o o
L= L e o ° °
‘et % N £
Py ° ° P, e ® & ‘
P @
é . o o ¢ . o ° °
. ° ° « > Do
*.0e 3 8001% keon N
5 o
oo P . . o
o .
Natural connectivity: 0.1316 Natural connectivity: 0.0876
LIPA OTUs: 13.24% LIPA OTUs: 3.92%
Intestinal
microbiota
(beneficial+
harmful)

Intestinal local
immunity

(barriers,
mucosa, B cells, ’ /
T cells, epithelial \ b (
cells) D
~ Systemicimmune
system
(mutualism)
( P "\\‘
N _ 4
b P
N
X

—> 0 0

Triplophysa

°
.....

Natural connectivity: 0.0093
LIPA O

vity:
TUs: 5.88%

13

abundance
® o1
@ 02
@ o3
@ 04
@ os

is_LIPA_OTU
)
o 1



Q& A

Xiaoxu Xu

2026/6/26



