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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

ScRNA-seq and CUT&RUN raw FASTQ files and processed data have been deposited in the Gene Expression Ombibus (GEO) under accession GSE228110. scRNA-seq
datasets have been deposited in the CellxGene single cell browser at https://cellxgene.cziscience.com/collections/c26cab6a-63ea-4059-a24e-0eObe0a2al73. The
mouse mm10 reference genome was downloaded for analysis and is available at https://www.10xgenomics.com/support/software/cell-ranger/downloads/cr-ref-
build-steps#mouse-ref-3-0-0-mm10-vd;.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a

Reporting on race, ethnicity, or n/a
other socially relevant

groupings

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

X Life sciences [ ] Behavioural & social sciences | | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was determined by assessing previously published experiments and adhering to standards in the field (PMID: 24048590, PMID:
27257214, PMID: 24240477, PMID: 30152757). For most experiments a minimum of n =3 independently derived mouse tracheal epithelial
cells (mTECs) was measured. Specific sample sizes are provided in each figure legend or in the Methods.

Data exclusions | No data were excluded from imaging experiments. For scRNA-seq datasets, individual cells that did not meet thresholds for percent
mitochondrial reads and number of genes per cell were removed. Thresholds were determined by the histogram distribution of each
measurement for each individual dataset. Thresholds used for each dataset are available on github (https://github.com/Ib15/
multiciliation_cycle/) as a parameter file (parameters.csv) associated with each dataset. Cells identified as doublets by Scrublet were
removed. If a cluster contained greater than 15% (E2f7-focused dataset) or 50% (time course-focused dataset) identified doublets, all cells
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from that cluster were removed. After integration of individual datasets, in both the time course and E2f7-focused datasets, a subcluster of
mature multiciliated cells shared gene expression with other gene types and was removed from further analysis.

Replication All reported findings were successfully replicated in two additional biological samples unless otherwise indicated in the Methods. Biological
replicate number for each experiment is given in the accompanying legend.

Randomization  For mouse experiments, mice of each genotype were randomly assigned to each experiment. For mTEC experiments, mice were randomly
assigned to each preparation of primary stem cells. For all treatments (small molecule or lentiviral), transwells containing primary stem cells

were randomly assigned to each group.

Blinding No blinding of samples was performed because perturbations (either genetic, lentiviral or small molecule) were readily identified by cell
morphology or centriolar/ciliary distribution. To reduce bias, quantitative measurements were made for most experiments.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Antibodies

Antibodies used alphaTUBAc (Mouse, Sigma-Aldrich, #T6793, Clone 6-11B-1)
FGFR1OP (CEP43) (Rabbit, Proteintech, #11343-1-AP)
FOP (CEP43) (Mouse, Abnova, #400011116-M01, Clone 2B1)
MYB (Rat, Abcam, #ab169111)

FOXJ1 (Mouse, Thermo Fisher, #14-9965-82, Clone 2A5)
E2F7 (Rabbit, Atlas Antibodies, #HPA064866)

CCP110 (Rabbit, Proteintech, #12780-1-AP)

DEUP1 (Rabbit, Sigma-Aldrich, #HPA010986)

CEP164 (Rabbit, Zhu lab (Gift), PMID: 33627667)

Cyclin D1 (Rabbit, Abcam, #ab16663)

CDK1 (Rabbit, Sigma, #HPA003387)

Cyclin B1 (Rabbit, Cell Signaling Technology, #4138)
H3S10P (Rabbit, Cell Signaling Technology, #9701)

TP63 (Mouse, Santa Cruz, #sc-8431, Clone 4A4)

GFP (Rabbit, Abcam, #ab290)

anti-Rat-AlexaFluor647 (Donkey, Abcam, #ab150151)
anti-Rabbit-AlexaFluor488 (Donkey, Invitrogen, #A21206)
anti-Rabbit-AlexaFluor568 (Donkey, Invitrogen, #A10042)
anti-Rabbit-AlexaFluor647 (Donkey, Invitrogen, #A31573)
anti-Mouse-AlexaFluor488 (Donkey, Invitrogen, #A21202)
anti-Mouse-AlexaFluor568 (Donkey, Invitrogen, #A10037)
anti-Mouse-AlexaFluor647 (Donkey, Invitrogen, #A31571)
anti-Rabbit IgG (Guinea Pig, Rockland, #611-201-122)

Validation alphaTUBAC - Validated by western blot of purified protein with and without acetylation (PMID: 2415535)
FGFR1OP (CEP43, Rabbit) - Knockdown validated (PMID: 30538248)
FOP (CEP43, Mouse) - Overexpression validated by manufacturer (abnova.com)
MYB - Knockout validated by manufacturer (abcam.com)
FOXJ1 - Knockout validated by manufacturer (thermofisher.com)
E2F7 - Knockout validated (this study, Extended Data Fig. 6h-j)
CCP110 - Knockdown validated (PMID: 28385950)
DEUP1 — Overexpression validated (PMID: 22610074)
CEP164 — Validated by immunofluorescence with and without centrioles (PMID: 30833343)
Cyclin D1 — Knockout validated by manufacturer (abcam.com)
CDK1 — Validated by RNA expression correlation across tissues by manufacturer (atlasantibodies.com)
Cyclin B1 — Validated by reduced CyclinB1 RNA levels following viral infection (PMID: 24415942)
H3S10P (Rabbit, Cell Signaling Technology, #9701) - Validated by overexpression and blocking modification by manufacturer
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(cellsignal.com)

TP63 (Mouse, Santa Cruz, #sc-8431) - Knockdown validated (PMID:21930775)

GFP (Rabbit, Abcam, #ab290) - Overexpression validated (PMID: 36293380)

anti-Rat-AlexaFluor647 (Donkey, Abcam, #ab150151) - Validated by immunofluorescence with no primary antibody control by
manufacturer (abcam.com)

anti-Rabbit-AlexaFluor488 (Donkey, Invitrogen, #A21206) - Validated by immunofluorescence with isotype and no primary antibody
controls by manufacturer (thermofisher.com)

anti-Rabbit-AlexaFluor568 (Donkey, Invitrogen, #A10042) - Validated by immunofluorescence with isotype and no primary antibody
controls by manufacturer (thermofisher.com)

anti-Rabbit-AlexaFluor647 (Donkey, Invitrogen, #A31573) - Validated by immunofluorescence with negative model (cell line) and no
primary antibody controls by manufacturer (thermofisher.com)

anti-Mouse-AlexaFluor488 (Donkey, Invitrogen, #A21202) - Validated by immunofluorescence with isotype and no primary antibody
controls by manufacturer (thermofisher.com)

anti-Mouse-AlexaFluor568 (Donkey, Invitrogen, #A10037) - Validated by immunofluorescence with isotype and no primary antibody
controls by manufacturer (thermofisher.com)

anti-Mouse-AlexaFluor647 (Donkey, Invitrogen, #A31571) - Validated by immunofluorescence with isotype and no primary antibody
controls by manufacturer (thermofisher.com)

anti-Rabbit IgG (Guinea Pig, Rockland, #611-201-122) - Validated by ELISA titration by manufacturer (rockland.com)

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Lenti-X 293T (HEK293T) cells from Takara were used for lentivirus production

Cells were purchased directly from the manufacturer, Takara, and were not independently authenticated beyond the identity
provided.

Mycoplasma contamination All cell lines tested negative for mycoplasma.

Commonly misidentified lines No commonly misidentified cell lines were used in this study.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

Wildtype mice (C57BL/6J) were used for most experiments in this study. To generate E2f7 knockout mice, injections were performed
into zygotes from CD-1 female mice. All further breedings were performed to C57BL/6J mice to generate heterozygous mutant lines.
All experiments were performed on adult mice (2-5 months old). C57BL/6J mice were obtained from Jackson Labs (JAX Stock
#000664).

This study did not involve wild animals.

For all mTEC experiments, cells were derived from a balance of adult female and male mice. For mouse experiments, sex was tracked
in order to ensure a balance of males and females in each experiment.

This study did not involve samples collected from the field.

Mice were housed under standard pathogen-free conditions at the University of California San Francisco animal care facility in the
CVRI. All animal protocols and procedures were approved by the Institutional Animal Care and Use Committee (IACUC) of UCSF. Wild-
type adult mice used in these studies were of the strain C57BL/6J, unless otherwise noted, and obtained from Jackson Labs (JAX Stock
#000664). Mice were maintained in the CVRI vivarium (UCSF) under a 12 hour light, 12 hour dark cycle, at 30-70% humidity and at a
temperature of 68-79°F.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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ChlP-seq

Data deposition

Confirm that both raw and final processed data have been deposited in a public database such as GEO.

Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links

CUT&RUN raw FASTQ files and processed data are available on GEO as GSE228110.

May remain private before publication.

Files in database submission E2f7_A_S2_R1_001.fastq.gz

Genome browser session
(e.g. UCSC)

Methodology

Replicates
Sequencing depth

Antibodies

Peak calling parameters

Data quality

Software

E2f7_A_S2_R2_001.fastq.gz
E2f7_B_S4_R1_001.fastq.gz

E2f7_B_S4 R2_001.fastq.gz
nlsGFP_A_S1_R1_001.fastq.gz
nlsGFP_A_S1_R2_001.fastq.gz
nlsGFP_B_S3_R1_001.fastq.gz
nlsGFP_B_S3_R2_001.fastq.gz
E2f7_A_henikoff_dupmark_120bp_RPGC.bw
E2f7_A_vs_nlsGFP_A_dupmark_peaks.narrowPeak
E2f7_B_henikoff _dupmark_120bp_RPGC.bw
E2f7_B_vs_nIsGFP_B_dupmark_peaks.narrowPeak
nlsGFP_A_henikoff_dupmark_120bp_RPGC.bw
nlsGFP_B_henikoff _dupmark_120bp_RPGC.bw

Genome browser session: http://genome.ucsc.edu/s/Lb13/E2f7_CUTRUN

Two biological replicates from two independent mTEC preparations. Final peak list was produced by the intersection of both
replicates.

Samples underwent paired-end sequencing of 42 bp read lengths, resulting in between 32-40 million reads/sample and uniquely
mapped alignment rates of 66-67%.

Rabbit anti-GFP. Catalog # ab290 (Abcam)

Reads were aligned with bowtie2 using parameters --local --very-sensitive-local --no-unal --no-mixed --no-discordant --phred33 -1 10 -
X 700. Samples were filtered for reads under 120bp and duplicates were marked, but not removed, with picard MarkDuplicates.
MACS?2 was used to call peaks, using the callpeak command with parameters -g m --keep-dup all -f BAMPE -q 0.05 -B --SPMR and -c
with the corresponding control being the NLS-GFP sample.

Data quality was checked by alignment rate and duplication rate of individual libraries. The final peak list was generated from peaks
only present in both replicates.

Scripts were derived from CUT&RUNtools and scripts detailed here https://www.protocols.io/view/cut-amp-tag-data-processing-and-
analysis-tutorial-e6nvw93x7gmk/v1. Scripts are available at https://github.com/Ib15/multiciliation_cycle. Scripts and R objects used
for analysis are deposited at Zenodo https://doi.org/10.5281/zenodo.10896100. CUT&RUN analysis scripts are at https://
doi.org/10.5281/zenodo.10896066 and Seurat analysis scripts are at https://doi.org/10.5281/zenodo.10896071.
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