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Antibodies
Antibodies used

1000 Genomes, http://browser.1000genomes.org/index.html; MGI, http://www.informatics.jax.org/;

GenBank, https://www.ncbi.nlm.nih.gov/genbank/; Uniprot, http://www.uniprot.org/;

Ensembl, http://www.ensembl.org/index.html; Pfam, http://pfam.xfam.org/;

Varbank, https://varbank.ccg.uni-koeln.de/; PROVEAN, http://provean.jcvi.org/index.php;

Polyphen-2, http://genetics.bwh.harvard.edu/pph2/;

DAVID Bioinformatics Resources 6.7, https://david-d.ncifcrf.gov/;

Ciliome Database, http://www.sfu.ca/~leroux/ciliome_home.htm.;

The Human Protein Atlas, http://www.proteinatlas.org/;

NsitePred, http://biomine.cs.vcu.edu/servers/NsitePred/

Sample size for experiments was not predetermined and dependent on availability and general guideline to achieve at least two independent
experiments. For example, adenine nucleotide rescue experiments with transgenic mice could generally achieve n > 5 independent
experiments (Fig. 7), whereas sperm experiments in human individuals (Supp. Fig. 2) (n = 1, 2 independent measurements from same sample)
was limited to patient availability.

No data were excluded from the analysis.

The number of replicates and independent experiments is provided in the main text and figure legends for all experiments. The experiments
yielded similar results that supported a trend; the overall conclusion was based on trends collated from results using various complementary
techniques.

Randomization was not applied to individuals as they were selected for a specific disease phenotype; likewise, randomization of

heterozygous and homozygous mice is not applicable because they both received no or the same treatment; Schmidtea morphants were
analyzed randomly from a pool of either control or targeted RNA.

Immunoflurescence analysis of samples was blinded and replicated at least two independent times; blinding is not feasible for Schmidtea

morphant analysis as it requires injection at multiple timepoints; blinded analysis of nodal ciliary beating was performed before genotype

analysis; blinded analysis for other mouse experiments is not feasible because genotyping of transgenic mice was known before experimental

analysis.

The following rabbit polyclonal antibodies were purchased from Atlas Antibodies: anti-CFAP45, HPA043618; anti-DNAH11,
HPA045880; anti-CFAP52, HPA023247; anti-IQCD, HPA048782; anti-DNAI1, HPA021649; anti-DNAH9, HPA052641; anti-DNAH5,
HPA037470; anti-AK8, HPA021445; anti-DNAH17, HPA024354. Polyclonal anti-DNAH5 (amino acids 42-325) and monoclonal anti-
DNALI1 antibodies were reported (see Methods and References). Mouse monoclonal anti-acetylated ! tubulin (T7451) and Hoechst
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Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

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

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

33342 (B2261) were purchased from Sigma Aldrich. Mouse monoclonal anti-DNAH11 (non-commercial, undiluted hybridoma
supernatant) was described (see Methods and References). The following secondary antibodies were purchased from Dianova for
IFM and used at a 1:200 dilution: anti-rabbit Rhodamine Red-X (711-295-152), and anti-mouse Cy3 (715-166-150). Anti-mouse Alexa
Fluor 488 (A11029), anti-mouse Alexa Fluor 546 (A11030), anti-rabbit Alexa Fluor 488 (A11034) and anti-rabbit Alexa Fluor 546
(A11035) were purchased from Invitrogen and used at a 1:200 and 1:1,000 dilution for human and mouse samples, respectively.
Appropriate controls including secondary antibodies alone were performed. Normal rabbit (sc-2027) IgG (Santa Cruz Biotechnology
Incorportated) was used as control for immunoprecipitations. HRP-linked anti-rabbit (NA934V) and anti-mouse (NA931V) antibodies
(GE Healthcare) were used for immunoblotting. Please see Methods for antibody dilutions relating to specific experiments.

To our knowledge, this study provides the first extensive validation of human anti-CFAP45 (Atlas antibodies, HPA043618) and human
anti-CFAP52 (Atlas antibodies, HPA023247) based on testing genetically-null samples in human and mouse by immunofluorescence
microscopy, immunoprecipitation and immunoblotting of recombinant human CFAP45 and CFAP52, native immunoprecipitation and
mass spectrometry of CFAP45 and CFAP52 from pig respiratory cells, and immunofluorescence and immunoblotting of native CFAP45
and CFAP52 in tissues with motile cilia and flagella in human, mouse, and pig.

HEK293 cell line CRL-1573 was obtained by ATCC.

HEK293 cell line CRL-1573 obtained by ATCC was not further authenticated.

The HEK293 cell line used in this study tested negative for Mycoplasma contamination.

No commonly misidentified cell lines were used in this study.

A clonal line of asexual S. mediterranea (BCN-10, originally provided by E. Saló) was maintained at 20°C in Montjuïch salts solution.
C57BL/6 mice were used to generate a Cfap45-/- transgenic line by CRISPR-Cas9. Mice were housed under specific-pathogen-free
(SPF) conditions in cages (according to EU-guideline 2010/63/EU) with bedding and nesting material containing up to five animals and
monitored by qualified members of the working group. The housing temperature was 22-24°C constantly and a day and night cycle
(12:12 hours) was maintained. Water and food were available ad libidum. Approximately equal numbers of males and females
ranging from embryonic day 7.5 to postnatal day 60 were examined. Please see Methods for additional information.

This study did not use samples obtained from wild animals. Domesticated pig (Sus scrofa) was used for pig respiratory samples and
obtained by Holstiege Farm (Roxel, Germany).

This study did not involve samples collected from the field.

All mouse experiments were approved by local government authorities (AZ84-02.05.20.12.163; 84-02.05.20.12.164, Landesamt für
Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen, University Hospital Muenster; FBS-12-019, Osaka University; AH28-01,
RIKEN Center for Developmental Biology) and complied with ethical regulations.

Individuals suspected to have a motile ciliopathy participated in PCD-study protocols that were approved by the Institutional
Ethics Review Board from the University Hospital of Muenster (Germany) and collaborating institutions. Inclusion criteria
were chronic upper respiratory symptoms (e.g., rhinosinusitis, otitis media) and LRA abnormalities (e.g., situs inversus totalis)
with or without asthenospermia / male infertility. The diagnosis of PCD is supported by evidence of destructive lower airway
disease (bronchiectasis), hallmark features of dyskinetic or immotile respiratory cilia by high-speed videomicroscopy analysis
(HVMA), low nasal nitric oxide (nNO) levels and structural defects of respiratory cilia by conventional transmission electron
microscopy analysis (TEM).

Individuals without symptoms of chronic destructive airway disease as well as HVMA and nNO levels within normal range do
not fulfill diagnostic criteria for PCD and were recruited as participants for the motile ciliopathy cohort described in this study
through the University Hospital Muenster (Muenster, Germany), Hadassah-Hebrew University Medical Center (Jerusalem,
Israel), and collaborating institutions.

Individuals suspected to have a motile ciliopathy participated in PCD-study protocols that were approved by the Institutional
Ethics Review Board from the University Hospital of Muenster (Germany) and collaborating institutions. Individuals provided
signed and informed consent to participate in this study. Human sperm analyses of individual OP-28 II1 and healthy donors
were performed in accordance with the standards set by the Declaration of Helsinki. Samples of human semen were obtained
from healthy donors and individual OP-28 II1 with their prior written consent, under approval of the institutional ethical
committees of the medical association Westfalen-Lippe and the medical faculty of the University of Münster (4INie).




