Suppl Table 1: Ocular features in renal ciliopathies with references (based on Table 2)

These genes are from the list in the Genomics England Renal ciliopathy panel

Gene (OMIM) Disease(s) Ocular phenotype Retinal Mouse Phenotype
expression
| Nephronophthisis and related Renal ciliopathies
AHI1 (608894) Joubert Coloboma, inherited retinal degeneration oculomotor 27.2 TPM | Retinal
syndrome 3 (608629) apraxia, nystagmus, strabismus [1-4], ptosis, epicanthal Degeneration [5]
folds (OMIM)
ALMS1 (606844)| Alstrom syndrome Cone-rod dystrophy; pigmentary retinopathy; 10.4 TPM | Retinal
(203800) nystagmus; cataracts; optic neuropathy; hyperopia; degeneration
constricted visual field (OMIM) [6]
ANKE6 (615370) | Nephronophthisis 16 No ocular abnormalities reported in OMIM nor in search | 2.2 TPM None noted
(615382)
ARL13B Joubert syndrome 8 Pigmentary retinopathy, optic disc pallor, abnormal eye | 18.2 TPM | Retinal
(608922) (612291) movements (OMIM) degeneration
ARL6 (608845) | Bardet Biedl syndrome 3 | Inherited retinal degeneration (OMIM) [7] 46.3 TPM | Retinal
(600151) degeneration
ARMC9 (617612)| Joubert syndrome 30 Inherited retinal degeneration, abnormal eye 71.5 TPM | Retinal
(617622) movements, ptosis (OMIM) degeneration
B9D2 (611951) | Meckel syndrome.10, Ptosis, epicanthus, small palpebral fissures (OMIM); 1.2TPM Abnormal optic cup,
Joubert syndrome 34 abnormal eye movements [8] eye muscle
(614175) morphology; aphakia
BBS1(209901) Bardet Biedl syndrome 1 | Rod-cone dystrophy, strabismus, cataracts (OMIM); 21.4 Retinal
(209900) Inherited retinal degeneration. For all BBS [9-27] TPM degeneration,
anophthalmia
BBS10(610148) | Bardet Biedl syndrome 10| Inherited retinal degeneration [9-27] 11.4 TPM | Retinal
(615987) degeneration
BBS12 (610683) | Bardet Biedl syndrome 12| Inherited retinal degeneration [9-27] 17.6 TPM | Retinal
(615989) degeneration
BBS2 (606151) Bardet Biedl syndrome 2 | Inherited retinal degeneration [9-27] 86.5 TPM | Retinal
(615981) degeneration
BBS4(600374) Bardet Biedl syndrome 4 | Inherited retinal degeneration [9-27] 45.4 TPM | Retinal
(615982) degeneration, optic
nerve atrophy
BBS5 (603650) Bardet Biedl syndrome 5 | Inherited retinal degeneration [9-27] 11.3 TPM | Retinal
(615983) degeneration
BBS7 (607590) Bardet Biedl syndrome 7 | Inherited retinal degeneration [9-27] 56.6 TPM | Retinal
(615984) degeneration,
abnormal lens
BBS9 (607968) Bardet Biedl Inherited retinal degeneration [28], cataract, optic nerve | 21.9 TPM | None noted
Syndrome 9 (615986) dysplasia, nystagmus
BBIP1 (613605) | Bardet Biedl syndrome 18| Inherited retinal degeneration [9-27], cataracts 50.1 TPM | Retinal
(615995) degeneration
C5o0rf42 Joubert syndrome 17 Oculomotor apraxia (OMIM); Hypertelorism, epicanthal | 5.7 TPM Abnormal eye
(614571) (614615); Orofaciodigital | folds, nystagmus, oculomotor apraxia [29] morphology
syndrome VI (277170)
CC2D2A Joubert 9 (612285), Astigmatism, coloboma, inherited retinal degeneration, | 84.7 TPM | Anophthalmia[33],
(612013) Meckel syndrome 6 oculomotor apraxia, nystagmus [30-32], cataract microphthalmia,
(612284), COACH (OMIM) retinal degeneration
syndrome 2 (619111)
CENPF (600236) | Stromme syndrome Microophthalmia, microcornea, anterior chamber 1.0 TPM None noted
(243605) defects, iris coloboma, optic nerve hypoplasia, cataracts,
hypertelorism, tortuous retinal vessels [34]
CEP104 Joubert syndrome 25 Oculomotor apraxia (OMIM), nystagmus, inherited 9.0 TPM None noted
(616690) (616781) retinal degeneration
CEP164 Nephronophthisis 15 Inherited retinal degeneration[35]; Leber congenital 26 TPM None noted
(614848) (614845) amaurosis, nystagmus (OMIM)




CEP290 Nephronophthisis 6, Inherited retinal degeneration, Coats-like exudative 7.2TPM Retinal
(610142) Joubert 5 (610188), vasculopathy [36, 37]; congenital amaurosis, nystagmus, degeneration[38]
Bardet Biedl 14 (615991), | retinal coloboma; oculomotor apraxia (OMIM)
Meckel syndrome 4
(611134)
CEP41 Joubert syndrome Chorioretinal coloboma, inherited retinal degeneration, | 7.7 TPM None noted
(610523) 15 (614464) oculomotor apraxia (OMIM) [39]
CEP83 Nephronophthisis 18 Inherited retinal degeneration, strabismus [40] 5.3TPM None noted
(615847) (615862)
CRB2 Ventriculomegaly with Inherited retinal degeneration [41] 8.1 TPM; | Inherited retinal
(609720) cystic kidney disease high in degeneration
(219730) limiting
membrane
CSPP1 Joubert syndrome 21 Inherited retinal degeneration Oculomotor apraxia, 2.1TPM None noted
(611654) (61536) strabismus, ptosis, fused eyes, anophthalmia (OMIM);
nystagmus, corneal clouding (rare), cataracts (rare) [42,
43]
DDX59 Oral-Facial-digital Epicanthus, hypertelorism, telecanthus (OMIM), 17.4 TPM | None noted
(615464) syndrome V (174300) coloboma, ptosis [44]
DHCR7 Smith-Lemli-Opitz Ptosis, epicanthal folds, cataracts, hypertelorism, 8.7 TPM Microphthalmia
(602858) syndrome (270400) strabismus (OMIM); optic atrophy, blepharoptosis, optic
nerve hypoplasia [45]
DYNC2H1 Jeune syndrome 3 Inherited retinal degeneration [46] 10.5 TPM | Abnormal eye
(603297) morphology
HYLS1 Hydrolethalus syndrome | Micropthalmia (OMIM); optic nerve coloboma and 4.3 TPM None noted
(610693) (236680) hypoplasia [45]
ICK Endocrine-cerebro- Small sunken eyes, fused eye lids (OMIM) NA None noted
(612325) osteodysplasia (612651)
IFT122 Cranioectodermal Hypertelorism, epicanthal folds, myopia, nystagmus, 11.2 TPM | Abnormal eye
(606045) dysplasia 1 (218330) inherited retinal degeneration [47] (OMIM) morphology
IFT43 Cranioectodermal Inherited retinal degeneration [48] 25.1 TPM | None noted
(614068) dysplasia 3 (614099),
Jeune syndrome 18
(617866)
INPP5E Joubert syndrome 1 Inherited retinal degeneration [49]; abnormal jerky eye | 7.4 TPM Retinal degener-
(613037) (613037) movements, oculomotor apraxia [50], coloboma of the ation;
optic nerve; chorioretinal coloboma [51], epicanthal microphthalmia,
folds, ptosis (OMIM) abnormal eye
morphology
INVS Nephronophthisis 2 Inherited retinal degeneration [52] 11.8 TPM | None noted
(243305) (602088)
1QCB1 Senior-Loken syndrome 5| Leber congenital amaurosis; inherited retinal 18.9 TPM; | Increased corneal
(609237) (609254) degeneration (OMIM) medium in | thickness
photo-
receptor
cells
KIAA0586 Joubert syndrome 23 Inherited retinal degeneration, nystagmus [53]; 7.9 TPM None noted
(610178) (616490) abnormal eye movements, coloboma (OMIM)
KIAA0753 Joubert syndrome 38 Inherited retinal degeneration, nystagmus, abnormal eye| 10.8 TPM | None noted
(617112) (619476) movements [54], epicanthal folds, oculomotor apraxia
(OMIM)
KIF7 Joubert syndrome 7 Strabismus, hypertelorism, epicanthal folds, optic 0.2 TPM Microphthalmia,
(611254) (200990) atrophy, inherited retinal degeneration, nystagmus, anophthalmia
coloboma (OMIM) [55]
LZTFL1 Bardet Biedl syndrome 17| Inherited retinal degeneration (OMIM) 15.8 TPM | Retinal degeneration
(606568) (615994)
MAPKBP1 Nephronophthisis 20 No ocular features reported nor in OMIM 9.0 TPM None noted
(616786) (617271)
MKKS Bardet-Biedl syndrome Inherited retinal degeneration [56] 22.8 TPM | Retinal degeneration
(604896) (605231); McKusick-
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Kaufman syndrome
(236700)

MKS1 Meckel 1 (249000); Oculomotor apraxia, nystagmus, microphthalmia, 6.1 TPM Anophthalmia[60];
(609883) Bardet Biedl| 13 (615990); | Inherited retinal degeneration[57-59], coloboma, optic microphthalmia,
Joubert syndrome 28 disc pallor, ptosis abnormal eye
(617121) morphology
NEK8 Nephronophthisis 9 No ocular features reported nor in OMIM 0.6 TPM None noted
(609799) (613824); Renal-hepatic
pancreatic dysplasia 2
(615415)
NPHP1 Nephronophthisis 1 Inherited retinal degeneration [61, 62], Stargardt-like 10.8 TPM | Retinal
(607100) (256100), Joubert retinopathy[63], oculomotor apraxia [64] degeneration [65]
Syndrome 4 (609583),
Senior-Loken syndromel
(266900)
NPHP3 Nephronophthisis 3 Inherited retinal degeneration[66], cataract, nystagmus | 3.1 TPM None noted
(608002) (604387), Meckel
syndrome 7 (267010)
NPHP4 Nephronophthisis 4 Coloboma, inherited retinal degeneration, oculomotor 2.4 TPM Retinal
(607215) (606966), Senior-Loken | apraxia [35, 67]; amblyopia, rotary nystagmus (OMIM) degeneration [68]
syndrome (606966)
OFD-1 Orofaciodigital Inherited retinal degeneration, bilateral idiopathic 11.2 TPM | None noted
(300170) Syndrome 1 (311200) demyelinating optic neuritis [69]; epicanthal folds
(OMIM)
PvMIM2 Congenital disorder of 1.5TPM | Abnormal eye
(601785) glycosylation 1a (212065)| Abnormal eye movements [70], strabismus, nystagmus, morphology
inherited retinal degeneration (OMIM)
RPGRIP1L Nephronophthisis 8, Coloboma, inherited retinal degeneration, oculomotor 2.9TPM Anophthalmia
(6605446) Joubert 7 (611560), apraxia [71-73]; nystagmus, ptosis (OMIM) [74]; abnormal
Meckel 5 (611561) optic cup; eye
muscles
SDCCAGS8 NPHP10, Bardet Inherited retinal degeneration [75, 76] 3.7 TPM Retinal
(613524) Biedl 16 degeneration [77]
TCTN1 Joubert syndrome 13 No ocular features reported nor in OMIM 3.0TPM None reported
(609863) (614173)
TCTN2 Joubert Anophthalmia, nystagmus [78, 79] 17.6 TPM | Anophthalmia[80];
(613846) syndrome 24 (616654) microphthalmia
TCTN3 Joubert 18 (614815); Abnormal eye movements [81], hypertelorism, 22.2TPM | Anophthalmia)
(613847) Orofaciodigital syndrome epicanthal folds (OMIM)
IV (258860)
TMEM107 Meckel syndrome 13 Inherited retinal degeneration, oculomotor apraxia, 29.6 TPM | Microphthalmia
(616183) (617562); Joubert ptosis (OMIM) (MGI)
syndrome (617562),
Orofaciodigital syndrome
XVI (617563)
TMEM138 Joubert Coloboma, inherited retinal degeneration, oculomotor 50.7 TPM | None noted
(614459) syndrome 16 (614465) apraxia, nystagmus, strabismus[82]
TMEM216 Joubert 2 (608091), Coloboma, inherited retinal degeneration, oculomotor 11.8 TPM | None noted
(613277) Meckel syndrome 2 apraxia, nystagmus, strabismus (esotropia)[83]
(603194)
TMEM231 Joubert 20 (614949), Inherited retinal degeneration, oculomotor apraxia [84, | 5.2 TPM Anophthalmia[86];
(614949) Meckel 11 (615397) 85] microphthalmia
TMEM237 Joubert syndrome Morning glory anomaly, retinal coloboma, nystagmus, 89.3 TPM | None noted
(614423) 14 (614424) strabismus [87]; hypertelorism, ptosis, epicanthal folds
(OMIM)
TMEMG67 Nephronophthisis 11 Ptosis, anisocoria, chorioretinal coloboma, inherited 6.1TPM Retinal
(609884) (613550), Joubert retinal degeneration, oculomotor apraxia, nystagmus degeneration [90]
6 (610688), Meckel 3 [35, 88, 89]
(607361)
TRAF3IP1 Senior Loken syndrome 9 | Inherited retinal degeneration, nystagmus, strabismus 6.7 TPM Microphthalmia,
(607380) (616629) (OMIM); iris patterns [91] thick cornea
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TTC21B NPHP12, Jeune Pathological myopia associated with chorioretinal 7.5TPM Shortened primary
(612014) syndrome 4 atrophy, choroidal neovascularisation and traction cilia[93]
retinopathy [92]

T7C8 Bardet Biedl syndrome 8 | High myopia, inherited retinal degeneration, optic 37.4 TPM | Retinal

(608132) (613464) neuropathy (OMIM) degeneration

TXNDC15 Meckel syndrome 14 Hypertelorism, microphthalmia (OMIM) 38.5 TPM | None noted

(619879) (619879)

WDPCP (613580)| Bardet Biedl| Inherited retinal degeneration [94] 12.2 TPM | Anophthalmia[95]
syndrome

WDR19 (608151)] NPHP13, Jeune 5, Inherited retinal degeneration, nystagmus [96-98] 13.0 TPM | Anophthalmia [99]
Cranioectodermal
dysplasia 4

WDR35 (613602)| Cranioectodermal Optic nerve coloboma, nystagmus, hypermetropia, 12.6 TPM | None noted
dysplasia 2, Jeune 7 strabismus, amblyopia [100-102]

WDR60 (615462) Jeune syndrome Inherited retinal degeneration (OMIM) 14.1 TPM | None noted
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