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Figure S1. Heatmap showing the normalised gene expression levels (Z-score per row) across all samples. 

Thirteen genes associated with primary ciliary dyskinesia (PCD) are represented in red, one candidate PCD 

gene in pink, and four non-PCD ciliary genes in orange. Each column represents an individual, and each 

row corresponds to a specific gene. The color scale for z-score indicates relative expression levels, with 

purple representing low expression and yellow representing high expression. Samples are arranged from 

the lowest to the highest level of ciliary transcriptome capture. Individuals from the supplementary group 

are codified by a number prefixed with “ABA”. 

 

Figure S2. Expression rank plot of CCDC39 across samples. Each point represents one sample. Samples 

with low CCDC39 expression levels are labelled. 
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Figure S3. RNA-seq results in patient P86268. (A) IGV screenshot showing the deletion c.3810del in 

heterozygous state in the DNAH11 gene in the RNA-seq analysis. (B) Sashimi plot of the aberrant splicing 

event as a consequence of the c.8941-3C>T variant identified in DNAH11 in patient P86268 (red) in 

comparison to a control sample (blue). In the patient, 54 splice junction reads supported the exclusion of 

22 nucleotides from exon 55.  
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Figure S4. Altered splicing of RSPH1 exon 2 as a consequence of the pathogenic c.85G>T variant. Patient 

P86613 (red) carried this variant in heterozygous state, while patient P87950 carried it in homozygosity. 

Control sample is represented in brown. 

 

 

 

 

Figure S5. IGV screenshot showing the RSPH1:c.287dup in heterozygosity in patient P86613. The 

duplication is indicated as a purple bar.  
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Figure S6. Alteration in CCDC40 found in patient P82113. Sashimi plot comparing patient P82113 (red) 

with a representative control (blue). The c.2619+45G>A variant activates a cryptic 5' splice donor, 

resulting in inclusion of 50 bp of intron 15, thus producing a 50-nucleotides elongation of exon 15.  

 

 

Figure S7. Segregation study of the AK8:c.1243C>T variant found in homozygosity in patient P84411. (A) 

Pedigree tree of family from patient P84411. The presence of the variant was tested in several family 

members (SS). (B) Electropherograms revealed that only patient P84411 was homozygous for the 

AK8:c.1243C>T variant. 
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Supplementary table 1.  

Patients included in the present study and their previously reported genetic results (Carretero-

Vilarroig, 2025) 

Group Patient Gene Allele 1 Allele 2 

Positive 
control 
group 

P35911 CCDC39 c.2550del;p.(Glu851Argfs*15) c.2550del;p.(Glu851Argfs*15) 
P36299 CCDC39 c.1072del;p.(Thr358Glnfs*3) c.1072del;p.(Thr358Glnfs*3) 
P39184 CCDC39 c.357+1G>C;p.(?) c.2505_2506del;p.(His835Glnfs*4) 
P84629 CCDC39 c.357+1G>C;p.(?) c.357+1G>C;p.(?) 
P87994 CCDC39 c.357+1G>C;p.(?) c.357+1G>C;p.(?) 
P86268 DNAH11 c.3810del;p.(Gly1272Aspfs*21) c.8941-3C>T;p.(?) 
P86613 RSPH1 c.85G>T;p.(Glu29*) c.287dup;p.(Asn96Lysfs*2) 
P87950 RSPH1 c.85G>T;p.(Glu29*) c.85G>T;p.(Glu29*) 

Study 
group 

P70866 DNAAF11 c.76G>C;p.(Asp146His) ND 
P36662 DNAAF1 c.1300_1322del;p.(Gly434Profs*4) ND 
P79896 RSPH1 c.85G>T;p.(Glu29*) ND 
P86220 HYDIN c.1030A>T;p.(Arg344*)  (AF=0.52)¥ ND 
P37898 RSPH1 c.85G>T;p.(Glu29*) ND 

HYDIN c.6889G>T;p.(Glu2297*) (AF=0.52)¥ ND 
P39700 RSPH1 c.85G>T;p.(Glu29*) ND 

HYDIN c.6889G>T;p.(Glu2297*)¥ ND 
P89217 HYDIN c.6685C>T;p.(Arg2229*) (AF=0.28)¥ c.6889G>T;p.(Glu2297*) (AF=0.27)¥ 
P91402 HYDIN c.6685C>T;p.(Arg2229*)¥  c.6889G>T;p.(Glu2297*)¥  
P36656 ND - - 
P43101 ND - - 
P46086 ND - - 
P48134 ND - - 
P58465 ND - - 
P38437 ND - - 
P82029 ND - - 
P68153 ND - - 
P64596 ND - - 
P79278 ND - - 
P43791 ND - - 
P63718 ND - - 
P84411 ND - - 
P69466 ND - - 
P79573 ND - - 
P86123 ND - - 
P64971 ND - - 
P88453 ND - - 
P88451 ND - - 
P82113 ND - - 
P89826 ND - - 

AF = allele frequency observed in Exome sequencing; Patients P39700 and P91402 were 

analysed via PCR according to the results obtained for their siblings (P37898 and P89217, 

respectively).  ¥Data previously unreported. ND = not detected. 
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Supplementary table 2. Aberrant expression findings. 
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Supplementary table 3. Altered splicing events. 
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Supplementary Movie 1. High speed video analysis of patient P84411. 

 

This video compilation comprises four recordings of patient P84411 obtained from different 

viewing angles, showing stiff cilia with incomplete bending. The recordings are presented both 

at normal speed and in slow motion to facilitate detailed assessment of ciliary coordination, 

and waveform. Multiple viewing angles provide complementary visualization of ciliary motility 

and allow a more comprehensive evaluation of the ciliary beat pattern. 
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Supplementary information 

 

 

Unprocessed agarose gel electrophoresis scan demonstrating the insertion in patient P88453 

within the SPAG1 gene sequence. Lane 1 corresponds to the 10-kb DNA ladder, while lanes 2–

5 show the PCR products from patient P88453, the maternal sample, the negative control, and 

the no-template control, respectively. 

 


