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Methods:

Genetic testing analysis:

All participants with “negative” genetics were tested with a genetic panel that included at least
28 genes associated with primary ciliary dyskinesia (PCD) and did not harbor two pathogenic

mutations.

Criteria used to deem private alleles (either missense or in-frame alleles) as likely disease-
associated included: a) loss-of-function variant identified along with missense or in-frame
variant; b) clinical diagnosis of PCD, including congruent ciliary ultrastructural defects; c) rare
variant (< 0.1 allele frequency in public databases such as dbSNP, EXAC, gnomAD and
1000Genomes); d) variant considered "disease-causing" by Mutation Taster algorithm

(http://neurocore.charite.de/MutationTaster/); e) variant conserved across the species.
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Additional Results

Table E1: Specific mutations in PCD genes

Participant

ODAO1
ODAO02

ODAO03
ODAO4

ODAO5
ODAO06
ODAO07
ODAO08
ODAO09
ODA10
ODA11
ODA12
ODA13
ODA14
ODA15
ODA16
ODA17
ODA18
ODA19
ODA20
ODA21
ODA22
ODA23
ODA24
ODA25
ODA26
ODA27
ODA28
ODA29
ODA30
ODA31
ODA32

Gene name

ARMC4
CCDC114

CCDC114
DNAH5

DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5
DNAH5
DNAHS5

Variant 1:
base change
(predicted protein change)

Variant 2:
base change
(predicted protein change)

ODA Group (n=55)

€.1969C>T (p.GIn657%*)
C.742G>A (p.A2485fs*52)

€.337C>T (p.Arg113%*)
€.3905delT (p.Leu1302Argfs*19)

.4237C>T (p.GIn1413%)
c.832delG (p.Ala278Argfs*27)
€.12910-1G>C (p."?)
¢.12910-1G>C (p."?)
€.2772delC (p.Leu925%)
¢.13458dupT (p.Asn4487%*)
€.9427A>T (p.Lys3143%)
€.9427A>T (p.Lys3143%*)
c.832delG (p.Ala278Argfs*27)
€.6988+2T>C (p.?)
€.6988+2T>C (p.?)
€.5114+1G>C (p.?)
€.5983C>T (p.Argl1995%*)
€.1731-2A5T (IVS13-2A5T) (p.?)
€.5983C>T (p.Argl1995%*)
¢.4348C>T (p.GIn1450%*)
¢.12107G>A (p.W4036*)
€.10815delT (p.Pro3606Hisfs*23)
€.7915C>T (p.Arg2639%*)
€.9799C>T (p.GIn3267%*)
€.1432C>T (p.Argd78%)
c.8141delA (p.Asn2714Metfs*30)
¢.5588delT (p.Phe1863Serfs*8)
€.8383C>T (p.Arg2795%*)
€.10815delT (p.Pro3606Hisfs*23)
€.10815delT (p.Pro3606Hisfs*23)
€.13486C>T (p.Arg4496*)
€.9286C>T (p.Arg3096*)

€.1969C>T (p.GIn657%*)
€.1391+5G>A (p.Serd32Argfs*7)

€.337C>T (p.Argll13%*)

€.6249G>A [p.Cys1962llefs*14;
p.Gly2021Glufs*12]

1.6-kb deletion including exon 2 (p.?)
c.1627C>T (p.GIn543%)
¢.12910-1G>C (p.?)
€.12910-1G>C (p.?)
€.6335_6336insT (p.GIn2112Hisfs*10)
deletion including exon 62 (p.?)
¢.10615C>T (p.Arg3539Cys)
¢.10615C>T (p.Arg3539Cys)
€.5710-2A>G (p.?)
€.7502G>C (p.Arg2501Pro)
€.7502G>C (p.Arg2501Pro)
c.8147T>C (p.lle2716Thr)8
€.13760A>G (p.Tyr4587Cys)
€.4117-2A>G (p.?)
€.12009G>A (p.Trp4003*)
€.4348C>T (p.GIn1450%)
c.4348C>T (p.GIn1450%)
¢.10815delT (p.Pro3606Hisfs*23)
€.8497C>T (p.Arg2833Cys)
¢.5147G>C (p.Argl716Pro)
€.6932_6935delACTG (p.Asp2311Glyfs*14)
€.13760A>G (p.Tyrd587Cys)
¢.6037C>T (p.Arg2013%)
¢.8383C>T (p.Arg2795%*)
€.3037_3040delAGCG (p.Val1014Leufs*20)
€.3037_3040delAGCG (p.Vall014Leufs*20)
4.4-kb duplication including exons 41-42 (p.?)
€.6086delG (p.GLy2029Valfs*25)
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ODA33
ODA34
ODA35

ODA36
ODA37

ODA38
ODA39
ODA40
ODA41
ODA42
ODA43
ODA44
ODA45
ODA46
ODA47
ODA48
ODA49
ODA50
ODA51
ODA52
ODAS53
ODA54
ODA55

O+IDAO1
O+IDA02*
O+IDAO3
O+IDAO4
O+IDAO5
O+IDAO6
O+IDAO7
O+IDAO8
O+IDA09
O+IDA10
O+IDA11
O+IDA12
O+IDA13
O+IDA14
O+IDA15
O+IDA16
O+IDA17

DNAH5
DNAHS5
DNAH5

DNAHS5
DNAHS5

DNAH5
DNAH5
DNAI1
DNAI1
DNAI1
DNAI1
DNAI1
DNAI1
DNAI1
DNAI2
DNAI2
DNAI2
DNAI2
DNAI2
Panel negative
Panel negative
Panel negative

Panel negative

CCDC103
CCDC103
DNAAF1/LRRC50
DNAAF1/LRRC50
DNAAF2/KTU
DNAAF3
DYX1C1
DYX1C1
DYX1C1
HEATR2/DNAAF5
HEATR2/DNAAF5
LRRC6
LRRC6
LRRC6
PIH1D3
SPAG1
SPAG1

¢.4237C>T (p.GIn1413%*)
¢.10815delT (p.Pro3606Hisfs*23)
€.10815delT (p.Pro3606Hisfs*23)

c.12617G>A (p.Trp4206*)
¢.13486C>T (p.Argd496*)

¢.832delG (p.Ala278Argfs*27)
¢.13458dupT (p.Asn4487%)
c.1212T>G (p.Tyr404%)
c.48+2dupT (p.splice)
c.48+2dupT (p.splice)
¢.1212T>G (p.Tyrd04*)
c.1462delC (p.Pro488Leufs*25)
c.48+2dupT (p.splice)
c.48+2dupT (p.splice)
c.1304G>A (p.Trp435*)
€.1304G>A (p.Trp435%*)
€.739C>T (p.Arg247%*)
€.1304G>A (p.Trp435%*)
c.1304G>A (p.Trp435*)

ODA/IDA Group (n=20)

c.144-1G>A (p.?)
¢.461A>C (p.His154Pro)
¢.831C>G (p.Tyr277%*)
deletion including exon 5 (p.?)
c.31delG (p.Glul1lArgfs*4)
c.378delG (p.His127Thrfs*34)
3549-bp deletion including exon 7 (p.?)
3549-bp deletion including exon 7 (p.?)
3549-bp deletion including exon 7 (p."?)
€.2384T>C (p.Leu795Pro)
€.2384T>C (p.Leu795Pro)
€.630delG (p.Trp210Cysfs*12)
€.630delG (p.Trp210Cysfs*12)
€.630delG (p.Trp210Cysfs*12)
€.332+1G>A (p.?)
€.2014C>T (p.GIn672%*)
€.2014C>T (p.GIn672%*)

1.6-kb deletion including exon 2 (p.?)
¢.3598+2T>C (p.?)
¢.8010+3A>G (p.?)

c.12617G>A (p.Trp4206%*)

¢.8092_8097delGTGGAC
(p.Val2698_Asp2699del)s

¢.10815delT (p.Pro3606Hisfs*23)
¢.11308A>G (p.Ser3770Gly)$
c.1644G>A (p.Trp548%)
€.1703G>C (p.Trp568Ser)
¢.1703G>C (p.Trp568Ser)
¢.1222G>A (p.Val408Met)
¢.1612G>A (p.Ala538Thr)
¢.1612G>A (p.Ala538Thr)
c.48+2dupT (p.splice)
c.1304G>A (p.Trp435%*)
c.1304G>A (p.Trp435%)
C.739C>T (p.Arg247%*)
€.1357dupG (p.Glu453Glyfs*40)
¢.1357dupG (p.Glu453Glyfs*40)

c.461A>C (p.His154Pro)
c.461A>C (p.His154Pro)
€.831C>G (p.Tyr277%*)
c.778C>T (p.GIn260%*)
c.31delG (p.Glul1lArgfs*4)
deletion including exons 7-12 (p.?)
€.988C>T (p.Arg330Trp)8
€.325G>T (p.Glu109%*)
€.325G>T (p.Glu109%*)
€.2384T>C (p.Leu795Pro)
€.2384T>C (p.Leu795Pro)
¢.630delG (p.Trp210Cysfs*12)
¢.630delG (p.Trp210Cysfs*12)
¢.630delG (p.Trp210Cysfs*12)
none - x-linked in male
€.2014C>T (p.GIn672%*)
€.1119delC (p.Ala374Argfs*16)
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O+IDA18
O+IDA19
O+IDA20

1+MO1*#
1+M02
[+MO03
[+M04
[+MO05
[+MO06
+MO07
[+M08
+M09
+M10
+M11
+M12
+M13
+M14
[+M15
+M16
+M17
+M18
+M19

1+M20
+M21

1+M22#
+M23
+M24
[+M25
+M26
+M27
+M28
+M29
+M30
+M31
+M32
[+M33
+M34
[+M35
+M36
+M37

Panel negative
Panel negative

Panel negative

CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCDC39
CCcDc40
CCDC40
CCcDc40

CCDC40
CCDC40

CCDc40
CCDC40
CCDc40
CCDC40
CCDc40
CCDC40
CCDc40
CCDC40
CCDc40
CCDC40
CCDc40
CCDC40
CCDc40
Panel negative
Panel negative

Panel negative

IDA+MTD Group (n=41)

€.1167+1261A>G (p.Glu390Serfs*5)
¢.830_831delCA (p.Thr277Argfs*3)
¢.1665+1G>A (p."?)
€.610-2A>G (p."?)
c.436delT (p.Trp146Glyfs*2)
c.1045delA (p.Thr349Leufs*7)
€.830_831delCA (p.Thr277Argfs*3)
¢.1789G>T (p.Glu597%)
c.1789G>T (p.Glu597%*)
¢.1167+1261A>G (p.Glu390Serfs*5)
€.610-2A>G (p.?)
¢.357+1G>C (p.?)
€.1356C>A (p.Tyrd52%*)
€.2201_2202delGA (p.Arg734Serfs*3)
€.830_831delCA (p.Thr277Argfs*3)
c.1484_1485delAA (p.Lys495llefs*15)
c.248delC (p.Ala83Valfs*84)
¢.1093G>T (p.Glu365%)
€.1093G>T (p.Glu365*)

¢.1093G>T (p.Glu365%)
c.248delC (p.Ala83Valfs*84)

c.248delC (p.Ala83Valfs*84)
€.93+2T>C (p.?)
c.248delC (p.Ala83Valfs*84)
c.1416delG (p.lle473Phefs*2)
c.1416delG (p.lle473Phefs*2)
c.248delC (p.Ala83Valfs*84)
c.961C>T (p.Arg321%*)
€.961C>T (p.Arg321%*)
c.248delC (p.Ala83Valfs*84)
c.248delC (p.Ala83Valfs*84)
c.248delC (p.Ala83Valfs*84)
¢.1345C>T (p.Argd49*)
c.248delC (p.Ala83Valfs*84)

¢.1356C>A (p.Tyr452%*)
¢.830_831delCA (p.Thr277Argfs*3)
¢.350A>G (p.Asp117Gly)S
¢.830_831delCA (p.Thr277Argfs*3)
€.830_831delCA (p.Thr277Argfs*3)
c.1045delA (p.Thr349Leufs*7)
€.1795C>T (p.Arg599*)
c.2497_98delCA (p.GIn833Valfs*6)
€.2497_98delCA (p.GIn833Valfs*6)
c.1167+1261A>G (p.Glu390Serfs*5)
€.1795C>T (p.Arg599*)
¢.2190delA (p.Glu731Asnfs*31)
€.1665+1G>A (p.?)
€.2201_2202delGA (p.Arg734Serfs*3)
€.830_831delCA (p.Thr277Argfs*3)
c.1484_1485delAA (p.Lys495llefs*15)
.248delC (p.Ala83Valfs*84)
€.3358C>T (p.GIn1120%*)
¢.3358C>T (p.GIn1120%)

€.3358C>T (p.GIn1120%*)
gene deletion (p.0)

c.248delC (p.Ala83Valfs*84)
.248delC (p.Ala83Valfs*84)
c.961C>T (p.Arg321%*)
c.1416delG (p.lle473Phefs*2)
c.1416delG (p.lle473Phefs*2)
c.1312A>T (p.Lys438*)
¢.3129delC (p.Phel1044Serfs*35)
¢.3129delC (p.Phe1044Serfs*35)
c.248delC (p.Ala83Valfs*84)
.248delC (p.Ala83Valfs*84)
c.248delC (p.Ala83Valfs*84)
€.2712-1G>T (p.?)
c.248delC (p.Ala83Valfs*84)
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1+M38

Panel negative

[+M39  Panel negative
+M40 Panel negative
[+M41  Panel negative
Other Group (n=21)
other01* CCNO ¢.248_252dupTGCCC (p.Gly85Cysfs*11) €.248_252dupTGCCC (p.Gly85Cysfs*11) Current
other02* CCNO €.248_252dupTGCCC (p.Gly85Cysfs*11) €.258 262dupGGCCC (p.GIn88Argfs*8) Current
other03* CCNO ¢.248_252dupTGCCC (p.Gly85Cysfs*11) €.258_262dupGGCCC (p.GIn88Argfs*8) Current
other04* CCNO €.248_252dupTGCCC (p.Gly85Cysfs*11) €.248 252dupTGCCC (p.Gly85Cysfs*11) Current
other05 DNAH11 €.2491C>T (p.GIn831%*) c.3871G>A (p.Ala1291Thr)$ 7
other06 DNAH11 €.2491C>T (p.GIn831%) c.3871G>A (p.Ala1291Thr)$ 7
other07 DNAH11 €.6244C>T (p.Arg2082%*) ¢.11929G>T (p.Glu3977%) 16
other08 DNAH11 €.13065_13067delCCT (p.Leu4356del)® €.13075C>T (p.Arg4359%) 16
other09 DNAH11 c.4438C>T (p.Argl480%*) ¢.8698C>T (p.Arg2900%*) 7
other10 DNAH11 c.4438C>T (p.Argl480%*) ¢.8698C>T (p.Arg2900%*) 7
other11l DNAH11 €.10285C>A (p.Arg3429Ser)$ 32.29-kb duplication including exons 7-14 (p.?) 3,9
other12 DNAH11 €.5778+1G>A (p.Val1821Thrfs*8) €.13061T>A (p.Leud354His)® 16
otherl3 DNAH11 ¢.3901G>T (p.Glu1301%*) €.11804C>T (p.Pro3935Leu)® 16
other14 DNAH11 €.6130C>T (p.Arg2044%*) deletion including exons 68-74 (p.?) Current
otherl5 DNAH11 €.6244C>T (p.Arg2082%*) duplication including exons 41-42 Current
otherl6 RPGR ¢.1059delG; ¢.1059+1_1059+2delGT none - x-linked in male Current
(p-?)
other17 RSPH1 €.275-2A>C (p.Gly92Alafs*10) €.275-2A>C (p.Gly92Alafs*10) 17
other18 RSPH4A €.921+3_6delAAGT (p.Tyr230GInfs*8) €.1732_1733delGA (p.Asp578Argfs*3) 18
other19 RSPH4A c.116C>A (p.Ser39*) €.1662+2_5delTAGG (p.?) 18
other20 RSPH9 c.244delT (p.Trp82Glyfs*18) c.244delT (p.Trp82Glyfs*18) Current
other21l  Panel negative
# A total of 7 participants had inadequate EM. The remaining 130 participants had EM findings that were congruent
with ultrastructural defects predicted by genetics.
5 A total of 10 private alleles (either missense or in-frame alleles), that we considered as probably contributing to the

disease phenotype based on criteria outlined in methods. Note: Based on the current ACMG criteria for variant classification
(19), private missense or in-frame variants without functional studies are considered variants of uncertain significance (VUS).
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Sensitivity Analysis Removing Preschool Spirometry: Because there is limited information
regarding early lung function in PCD, we included preschool spirometry for our main analysis.
However, preschool spirometry may not equate to spirometry in older children and adults;
therefore, we conducted a sensitivity analysis of our data with and without preschool
spirometry. We defined the preschool age range as children between the ages of 3 and 5
years of age. There were 42 measurements performed between the ages of 3 and 5 years.
Of these 42 measurements, 4 were conducted at 3 years of age, 14 were conducted at 4

years of age and 24 at 5 years of age.

When we removed the measurements for the 3 to 5 year old group and compared the ODA
group to the IDA/CA/MTD group, the IDA/CA/MTD group continued to have significantly
lower percent predicted FEV; values compared to the ODA group (p= 0.0002). Similarly for
the genotype grouping with removal of the 3 to 5 year old group, CCDC39 and CCDC40 had
significantly lower FEV; values compared to the DNAH5 group (p = 0.001). When we
removed the spirometry measurements for the children that were 3 to 5 years of age, the
decline in the slope for FEV, remained significant for the IDA/CA/MTD group (p=0.01);
furthermore, the decline in the slope for FEV, for the ODA group became significant with a

p value of 0.04.
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