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Every animal needs to assemble itself from scratch during development




And that means re-creating an enormous diversity of cell types




Our lab studies the genetic programs that regulate cell specification & differentiation

cell type-specific
gene expression:
notochord / muscle
prechordal plate
endoderm

O)

..

o

- R —

-_— Tt --

AN

N\

i

/‘

i

4

1

gl

W) i

@

—




Our lab studies the genetic programs that regulate cell specification & differentiation
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Our lab studies the genetic programs that regulate cell specification & differentiation

specification

® o
° ® . /% identity

differentiation



computationally +
experimentally determine

broad genomic an unexpected

T cell type how that cell type
profiling  resources

develops

LREs
"\

best4* EECs bi
enterocytes \ 90

\

-

et

\




broad  genomic
_|_

profiing  resources




Specification tree of zebrafish embryogenesis
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A molecular atlas of zebrafish late embryogenesis and early larval development
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Cell identity annotation: 521 clusters, representing ~200 cell types and 43 tissues
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Cell identity annotation: 521 clusters, representing ~200 cell types and 43 tissues
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Daniocell (daniocell.nichd.nih.gov)
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DaniocellDesktop: for further analysis of our data

Define your own cell populations
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Cell populations within the intestinal epithelium
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Cell populations within the intestinal epithelium
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Zebrafish homologs of best4+ intestinal cells
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Zebrafish homologs of best4+ intestinal cells

Fewer best4+ cells in inflammatory bowel
disease patients

Increased expression of best4+ cell markers
INn some colorectal cancer patients

Functionally uncharacterized

Developmental program unknown

Parikn®, Antanaviciute®, Fawkner-Corbett* ... Simmons: Nature 2019
Smillie*, Biton®, Ordovas-Montanes™ ... Regev: Cell 2019

Li et al.: Cell Regen 2022

Tang et al.. BMC Biology 2022

Malonga et al.. AM J of Physiology 2024
Westfall et al.: PNAS 2024

Trezise & Buchwald: Nature 1991
Ameen et al.. Gastroenterology 1995



» Characterize best4+ cells
> \Where do best4+ cells come from?

> \What developmental program specities best4+ cells?



~ Characterize best4+ cells
» Where do best4+ cells come from?

- What developmental program specifies best4+
cells?



best4+ cells have a distinct gene expression program
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best4+ cells specific genes are evolutionarily conserved
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best4+ cells are found in all regions of the zebrafish gut
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best4+ cells extend motile projections
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» Characterize best4+ cells
> \Where do best4+ cells come from?

> \What developmental program specities best4+
cells?



Transcriptional trajectories to uncover developmental gene expression programs
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best4+ cells putatively arise from secretory progenitors
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The signals that might drive best4+ cell specification
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The gene regulatory network underlying best4+ cell specification

. atoh1b ascl1a tnfrsf11a
L.\RES *
, EC1  EC-2 her2
best4*  EECs ~ \ / notch2 (= HES)5)
cells \ goblet - _ EC-3
\ -~ \ .‘ ‘g : \ “"“*.‘m ) 2 .
- : ';1 % " L;‘ y k“é
secretory dacha pbx3a meis1b

progenitors

. ® h L ]
P L] ﬂ;
k k“,

- e e e

6 48 60 72 84 96 108 120 hpt Sur, Wang, Capar, Margolin, Prochaska, Farrell: Dev Cell 2023



Testing the predictions: do best4+ cells come from atoh1b+ secretory progenitors?
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best4+ cells arise from atoh1b+ (secretory) progenitors
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Testing the predictions: is Notch the key signal to specify best4+ cells?
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Cells actively receiving Notch signaling at 4 dpf are best4+ cells
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best4+ cell specification requires Notch signaling after secretory/absorptive decision
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Increased Notch signaling converts cells to best4+ cells
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Testing the predictions: is meis1b required downstream of Notch signaling?
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meis1b is required for best4+ cell specification
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A working model for best4+ cell specification
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Where iIs this work headed?

Two ablation models: > Remove best4+ cells:

» Test thelr functions

@ ~ Does loss of best4+ cells cause disease
meis1b whole-gene deletion symptoms?
—H—— ——— -
| | .
o o > Live reporters: how do best4+ cells respond to
eletion | o | |
different conditions, perturbations, signals?
best4:mCherry-NTR2 ~  Communication between best4+ cells and other cell

types and tissues

lChemical > Continue to build a full gene regulatory network that
signal describes (and enables manipulation of) their
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Large-scale scRNAseq best4+ cells in zebrafish Intestinal developmental
of zebrafish development trajectories
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