
Nonsense or 
Frameshift

Nonsense or frameshift variants that terminate at codons 2 through 244 are expected to produce transcripts that will undergo 
NMD 

Nonsense or frameshift variants 
from codon 245 through 384 are 
expected to produce transcripts 

that will not undergo NMD 

PVS1

Nonsense variants from p.Glu329 through p.Ser346 (significant truncation of the 
proline-rich domain(PRD))

PVS1_Strong

Deletion
(Single exon to 

full gene)

Single to multi exon deletion –
Disrupts reading frame and is 

predicted to undergo NMD 

Single to multi exon deletion –
Preserves reading frame

Full gene deletion

Exon(s) present in biologically-relevant transcript NM_014336.5

Exons 2-6 harbor pathogenic variants and all are considered critical to protein 
function

Exon(s) absent from biologically-relevant transcript NM_ 014336.5

PVS1 

Exons 2-6 harbor pathogenic variants and all are considered critical to protein 
function

PVS1

N/A

PVS1

PVS1

Duplication
(≥1 exon in size 

and must be 
completely 

contained within 
gene)

Proven in tandem

Presumed in tandem

Proven not in tandem

Reading frame disrupted and NMD predicted to occur

No or unknown impact on reading frame and NMD

Reading frame presumed disrupted and NMD predicted to occur

PVS1

N/A

PVS1_Strong

N/A

Initiation 
Codon

Different functional transcript 
uses alternative start codon

No known alternative start 
codon in other transcripts

≥1 pathogenic variant(s) upstream of closest potential in-frame start codon. (closest 
in-frame Met is p.Met40)

PVS1

N/A

Single to multi exon deletion –
Disrupts reading frame and is 

NOT predicted to undergo 
NMD 

Frameshift variants from p.Pro338 through p.His384 (likely to disrupt critical function) PVS1_Strong

AIPL1-specific PVS1 criteria – based on ClinGen SVI Working Group 
publication of Tayoun 2018 (PMID:30192042)  and the PVS1 decision 

tree of ClinGen SVI Splicing Subgroup (Walker 2023, PMID: 37352859)

Variants with 
evidence of 

splicogenicity
See expanded AIPL1-specific PVS1 criteria on the following page

Nonsense variants from p.Glu245 through p.Ser328 (truncation in critical functional 
region)

Frameshift variants from p.Glu245 – p.Glu337 (likely to disrupt critical function)

PVS1

PVS1

Nonsense variants from p.Ser347 through p.His384 (~10% truncation of the proline-
rich domain (PRD)

PVS1_Mod



Gene-specific modifications for AIPL1 (additional details on following pages):

(a) SpliceAI Flowchart (based on Walker et al., 2023) for PP3 and BP4 – calibrated cutoff scores for SpliceAI splicing prediction. If BP4 applies, consider BP7 based on 
location of variant.

(b) Table 2 from Walker et al., 2023: If PP3 applies, consider PS1 code weights for variants with the same predicted splicing event as a known (likely) pathogenic variant. 
(c) AIPL1 rule table for PVS1 – based on Walker et al. but AIPL1-specific. 
• Use when variant under assessment affects the donor/acceptor +/- 1,2 dinucleotide positions. As noted in Walker et al., PS1 code can be added where applicable.
• Use to evaluate RNA splicing data - observed results of the splicing assay are classified in the same manner as predicted results. As detailed in flowchart above, use 

PVS1(RNA) if there is evidence of impact on splicing or BP7_Strong(RNA) if evidence suggests no impact. 

AIPL1-specific PVS1 decision tree for splicing

See (c):
AIPL1 
Rule 
Table for 
PVS1

See (a):
Flowchart 
for PP3 
and BP4

See (b): Table 2 from Walker et al.

Use PVS1 
rule table

for 
PREDICTED

impact

Use PVS1 
rule table 

OBSERVED
RNA

impact

See (c):
AIPL1 Rule 
Table for 
PVS1



(a) SpliceAI Flowchart (based on Walker 2023, Figure 4) 

(b) Table 2 from Walker 2023

Positions excluded from BP7:
- Synonymous substitutions at the first base of an exon
- Synonymous substitutions in the last 3 bases of an exon
- +1 through +7 of donor sequence
- -1 through -21 of acceptor sequence



AIPL1  PVS1 rule table (for +- 1,2 changes and RNA splicing assays):
Based on proposal by Walker et al 2023 with the following modifications:
1. Pathogenic variants have been identified in every exon so all exons are considered to be “critical to protein function”, 

requirement for being more than 10% of total protein length does not apply.
2. ATG initiation site is located in exon 1 
3. No potential “rescue isoforms” are known

Use this table to assign appropriate PVS1 code:

(c)

3' acceptor position 5' donor position

exon skipping leads to 
preserved reading frame or 
frameshift (fs) with nmd?

PVS1 code for +- 1,2 
dinucleotide change and 
rationale from Walker et al

exon known to be 
critical to protein 
function

exon 1 NA 96 in frame/no nmd PVS1 yes - FKBP
exon 2 97 276 in frame/no nmd PVS1 yes - FKBP
exon 3 277 465 in frame/no nmd PVS1 yes - FKBP
exon 4 466 642 in frame/no nmd PVS1 yes - TPR
exon 5 643 784 fs/no nmd PVS1 yes - TPR
exon 6 785 *1721 NA PVS1 yes - TPR, PRD

FKBP = FK506-binding protein-like domain; TPR = Tetratricopeptide repeat domain; PRD = Proline-rich domain

AIPL1 exon map: overhang on top indicates a two-nt overhang, overhang on bottom is a one-nt overhang. Parallel lines 
represent in-frame junctions (eg. del of exons 2+3 is in frame, del of 4+5 is out of frame)

1 2 3 5 64
FKBP – amino acids 29 -155

TPR – amino acids 178 - 297

PRD – amino acids 
328-384


Summary

				RPE65		GUCY2D (protein:GC-E)		AIPL1		CEP290

						Also known as

						LCA; CACD; CG-E; CYGD; LCA1; RCD2; CACD1; CORD5; CORD6; GUC2D; ROSGC; retGC; CSNB1I; GUC1A4; RETGC-1; ROS-GC1

		Included MIM Phenotypes		RPE65-related recessive retinopathy		GUCY2D-related recessive retinopathy		AIPL1-related retinopathy		CEP290-related ciliopathy

				MONDO:0100368		MONDO:0100453		MONDO:0100438		MONDO:0100451

				MIM:204100 - Leber congenital amaurosis 2		MIM:204000 - Leber congenital amaurosis 1		MIM:604393 - Leber congenital amaurosis 4		MIM:611755 - Leber congenital amaurosis 10

				MIM:613794 - Retinitis pigmentosa 20		MIM:601777 - Cone-rod dystrophy 6		MIM:604393 - Cone-rod dystrophy		MIM:615991 - Bardet-Biedl syndrome 14

						MIM:618555 - Night blindness, congenital stationary, type 1I		MIM:604393 - Retinitis pigmentosa, juvenile		MIM:610188 - Joubert syndrome 5

										MIM:611134 - Meckel syndrome 4

										MIM:610189 - Senior-Loken syndrome 6

		Excluded MIM Phenotypes		MIM:618697 - Retinitis pigmentosa 87 with choroidal involvement		MIM:215500 - ?Choroidal dystrophy, central areolar 1  (dominant)		none		none

		Link to GCEP evaluation		https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_375ffa04-a8d9-427e-8948-f913bc8ff68d-2022-05-24T214158.160Z?page=1&size=25&search=		https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_dcb8350d-c57f-43e3-9e9f-d059ebbf61c9-2022-03-27T232210.761Z?page=1&size=25&search=		https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_594ca712-dbb5-408b-8aba-68dbfaf7f778-2023-02-02T170000.000Z?page=1&size=25&search=		https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_ec24317e-70bc-48a0-999b-f960f951e8dd-2022-02-03T170000.000Z?page=1&size=25&search=

		Protein function		The protein encoded by this gene is a component of the vitamin A visual cycle of the retina which supplies the 11-cis retinal chromophore of the photoreceptors opsin visual pigments. It is a member of the carotenoid cleavage oxygenase superfamily. All members of this superfamily are non-heme iron oxygenases with a seven-bladed propeller fold and oxidatively cleave carotenoid carbon:carbon double bonds. However, the protein encoded by this gene has acquired a divergent function that involves the concerted O-alkyl ester cleavage of its all-trans retinyl ester substrate and all-trans to 11-cis double bond isomerization of the retinyl moiety. As such, it performs the essential enzymatic isomerization step in the synthesis of 11-cis retinal. 		This gene encodes a retina-specific guanylate cyclase, which is a member of the membrane guanylyl cyclase family. Like other membrane guanylyl cyclases, this enzyme has a hydrophobic amino-terminal signal sequence followed by a large extracellular domain, a single membrane spanning domain, a kinase homology domain, and a guanylyl cyclase catalytic domain. In contrast to other membrane guanylyl cyclases, this enzyme is not activated by natriuretic peptides.		Type 4 LCA is caused by variants in the gene Aryl-hydrocarbon-interacting protein-like 1 (AIPL1), which plays a role in molecular chaperoning within photoreceptors. Although AIPL1 sequence variants are associated with a relatively severe LCA phenotype, recent electrophysiologic findings suggest that there may be some preservation of retinal function in young children with AIPL1 mutations. The encoded protein contains three tetratricopeptide motifs, consistent with chaperone or nuclear transport activity.		This gene encodes a protein with 13 putative coiled-coil domains, a region with homology to SMC chromosome segregation ATPases, six KID motifs, three tropomyosin homology domains and an ATP/GTP binding site motif A. The protein is localized to the centrosome and cilia and has sites for N-glycosylation, tyrosine sulfation, phosphorylation, N-myristoylation, and amidation. 

		Functional studies available?		yes (RNA and protein function)		yes		yes

		Proportion of LCA/eoRD (Hanany 2020)						Sacristan-Reviriego 2020 

		- total expected # of affected individuals worldwide; overall frequency of AR-IRDs is estimated at 1:1380 with 5.5 million affected in total		15,520		73,896		3,535		108,341

		- Percentage of AR-IRDs caused by this gene (Hanany 2020)		0.2821818182		1.343563636		0.0642727273		1.969836364

		Percentage of LCA/eoRD (GeneReviews 2023)		5-10%		10-20%		<5%		15-20%

		refseq		NM_000329.3		NM_000180.4		NM_014336.5		NM_025114.4

				NP_000320.1		NP_000171.1		NP_055151.3		NP_079390.3

		# exons		14, all coding		20 total, 18 coding (from 2-19)		6, all coding		54 total, 53 coding (from 2-54)

		# alt transcripts		none		2 additional, all same aa length, dif utrs				a bazillion

		protein length		533 aa		1103 aa		384 aa		2479 (MANE)

		most common type of mutation		LOF/missense		LOF		LOF/missense		LOF>missense

		approximate number of mutations

		HGMD		284 (DM) 64 (DM?)		260 (DM) 59 (DM?)		84 (DM) 30 (DM?)		400 (DM) 185 (DM?)

		LOVD		353 unique (all categories)		330 unique (all categories)		153 unique (all categories)		621 unique (all categories)

		ClinVar		750; LP/P:221, B/LB:267, VUS:230		1000; LP/P:196, B/LB:316, VUS:470		450; LP/P:71, B/LB:150, VUS:250		2900; LP/P:650, B/LB:1250, VUS:1100

		Hanany 2020 (this is a subset of ClinVar - only the variants that appear in both gnomAD AND ClinVar		88 LP/P		77 LP/P		35 LP/P		177 LP/P

		most common mutation (from LOVD)		Arg91Trp (104), Tyr368His (99), c.11+5 (85)		Arg838His (121), Arg838Cys (113), Arg768Trp (36), Phe565Ser(27), Arg838Pro (21)

		Functional study references				PMID: 29061346		PMID: 26650897 (splicing)

								276+2, 276+1, 277-2, 785-10_786del

								PMID:33067476 (binding to Hsp90

						4 different start-loss mutations		2 different start loss mutations, next ATG is in exon 2 at Met40

				present within the first year of life

				reduced visual acuity				FKBP domain: 29-89, 146-155; TPR domain: 178-211, 230-297; PRD: 328-384

				reduced or nonrecordable electroretinogram (ERG) responses

				nystagmus

				digito-ocular signs

				apparently normal fundus

				retain normal photoreceptor laminar architecture

				foveal cone outer segment abnormalities

				in a few patients, foveal cone loss

				Outer nuclear layer and photoreceptor outer segment thickness measurements in the rod-dominant retina (i.e., outside the fovea) were normal

				Contrary to previous ERG findings, Jacobson et al. report that substantial rod function can be retained

				Under dark-adapted conditions, rod sensitivity thresholds in the majority of patients were approximately 0.5 to 5 log units below that of normal

				Full-field stimulus testing using blue stimuli to isolate rod responses revealed that substantial rod function remained. There was no relationship between patient age and presence of rod function.

				ERG analysis revealed that cone function was undetectable in all LCA1.This correlated with severely reduced visual acuity and a lack of color perception.

				hallmark retinal preservation

				The profound visual impairment, stemming predominantly from a loss of cone function, points to the fovea

				salt-and-pepper appearance of fundus

				inability to follow light

				photophobia

				hyperopia

				severely reduced visual acuities



https://www.ncbi.nlm.nih.gov/nuccore/NM_000180.4https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_594ca712-dbb5-408b-8aba-68dbfaf7f778-2023-02-02T170000.000Z?page=1&size=25&search=https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_ec24317e-70bc-48a0-999b-f960f951e8dd-2022-02-03T170000.000Z?page=1&size=25&search=https://omim.org/entry/204100https://omim.org/entry/613794https://omim.org/entry/618697https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_375ffa04-a8d9-427e-8948-f913bc8ff68d-2022-05-24T214158.160Z?page=1&size=25&search=https://omim.org/entry/615991https://omim.org/entry/610188https://omim.org/entry/611134https://omim.org/entry/610189https://omim.org/entry/204000https://www.ncbi.nlm.nih.gov/protein/NP_000171.1https://www.ncbi.nlm.nih.gov/nuccore/NM_014336.5https://www.ncbi.nlm.nih.gov/protein/74272276https://www.ncbi.nlm.nih.gov/nuccore/NM_025114.4https://www.ncbi.nlm.nih.gov/protein/NP_079390.3https://www.ncbi.nlm.nih.gov/nucleotide/NM_000329.3https://www.ncbi.nlm.nih.gov/protein/NP_000320.1https://www.ncbi.nlm.nih.gov/books/NBK531510/https://pubmed.ncbi.nlm.nih.gov/29061346/https://pubmed.ncbi.nlm.nih.gov/26650897/https://omim.org/entry/601777https://omim.org/entry/618555https://search.clinicalgenome.org/kb/gene-validity/CGGV:assertion_dcb8350d-c57f-43e3-9e9f-d059ebbf61c9-2022-03-27T232210.761Z?page=1&size=25&search=https://omim.org/entry/215500https://omim.org/entry/604393https://omim.org/entry/604393https://omim.org/entry/604393

AILP1 intron exon

		AIPL1 intron/exon table from LOVD														coding exon div/3

		exon		c.startExon		c.endExon		g.startExon		g.endExon		lengthExon		lengthIntron		size in aas		amino acids

		1		-95		96		5001		5191		191		910		32		1-32

		2		97		276		6102		6281		180		5412		60		33-92

		3		277		465		11694		11882		189		1260		63		93-155

		4		466		642		13143		13319		177		124		59		156-214

		5		643		784		13444		13585		142		784		47.3333333333		215-261.1

		6		785		*1721		14370		16461		2092				NA		261.2-384

																16.6666666667

																245

																245-384		no pred NMD





AIPL1 Table from PVS1

				3' acceptor position		5' donor position		exon skipping leads to preserved reading frame or frameshift (fs) with nmd?		PVS1 code for +- 1,2 dinucleotide change and rationale from Walker et al		exon known to be critical to protein function

		exon 1		NA		96		in frame/no nmd		PVS1		yes - FKBP

		exon 2		97		276		in frame/no nmd		PVS1		yes - FKBP

		exon 3		277		465		in frame/no nmd		PVS1		yes - FKBP

		exon 4		466		642		in frame/no nmd		PVS1		yes - TPR

		exon 5		643		784		fs/no nmd		PVS1		yes - TPR

		exon 6		785		*1721		NA		PVS1		yes - TPR, PRD

		FKBP = FK506-binding protein-like domain; TPR = Tetratricopeptide repeat domain; PRD = Proline-rich domain





CEP290 intron exon

		CEP290 intron/exon table from LOVD														coding exon div/3

		exon		c.startExon		c.endExon		g.startExon		g.endExon		lengthExon		lengthIntron

		1		-344		-28		5001		5317		317		565		NA

		2		-27		102		5883		6011		129		172		40

		3		103		180		6184		6261		78		1391		26

		4		181		250		7653		7722		70		303		23.3333333333

		5		251		297		8026		8072		47		2358		15.6666666667

		6		298		441		10431		10574		144		5424		48

		7		442		495		15999		16052		54		599		18

		8		496		516		16652		16672		21		124		7

		9		517		669		16797		16949		153		391		51

		10		670		852		17341		17523		183		658		61

		11		853		942		18182		18271		90		2507		30

		12		943		1065		20779		20901		123		946		41

		13		1066		1189		21848		21971		124		4079		41.3333333333

		14		1190		1359		26051		26220		170		720		56.6666666667

		15		1360		1522		26941		27103		163		1370		54.3333333333

		16		1523		1623		28474		28574		101		72		33.6666666667

		17		1624		1711		28647		28734		88		1337		29.3333333333

		18		1712		1824		30072		30184		113		1850		37.6666666667

		19		1825		1909		32035		32119		85		535		28.3333333333

		20		1910		2052		32655		32797		143		2561		47.6666666667

		21		2053		2217		35359		35523		165		342		55

		22		2218		2367		35866		36015		150		2020		50

		23		2368		2483		38036		38151		116		1967		38.6666666667

		24		2484		2586		40119		40221		103		90		34.3333333333

		25		2587		2817		40312		40542		231		3663		77

		26		2818		2991		44206		44379		174		5838		58

		27		2992		3103		50218		50329		112		2912		37.3333333333

		28		3104		3309		53242		53447		206		937		68.6666666667

		29		3310		3461		54385		54536		152		1841		50.6666666667

		30		3462		3573		56378		56489		112		1240		37.3333333333

		31		3574		4029		57730		58185		456		1087		152

		32		4030		4194		59273		59437		165		1281		55

		33		4195		4302		60719		60826		108		217		36

		34		4303		4437		61044		61178		135		1186		45

		35		4438		4704		62365		62631		267		631		89

		36		4705		4812		63263		63370		108		616		36

		37		4813		5012		63987		64186		200		2635		66.6666666667

		38		5013		5226		66822		67035		214		952		71.3333333333

		39		5227		5364		67988		68125		138		1173		46

		40		5365		5586		69299		69520		222		352		74

		41		5587		5709		69873		69995		123		5295		41

		42		5710		5855		75291		75436		146		331		48.6666666667

		43		5856		6011		75768		75923		156		2648		52

		44		6012		6135		78572		78695		124		4406		41.3333333333

		45		6136		6270		83102		83236		135		1202		45

		46		6271		6357		84439		84525		87		1697		29

		47		6358		6522		86223		86387		165		809		55

		48		6523		6645		87197		87319		123		877		41

		49		6646		6818		88197		88369		173		3130		57.6666666667

		50		6819		6960		91500		91641		142		1162		47.3333333333

		51		6961		7034		92804		92877		74		593		24.6666666667

		52		7035		7129		93471		93565		95		3218		31.6666666667

		53		7130		7209		96784		96863		80		939		26.6666666667

		54		7210		*171		97803		98204		402				NA

		end		7440		2479 amino acids





GUCY2D intron exon

		GUCY2D intron/exon table from LOVD														coding exon div/3

		exon		c.startExon		c.endExon		g.startExon		g.endExon		lengthExon		lengthIntron

		1		-74		-10		5001		5065		65		304		NA

		2		-9		721		5370		6099		730		83		240.3333333333

		3		722		1026		6183		6487		305		2206		101.6666666667

		4		1027		1378		8694		9045		352		345		117.3333333333

		5		1379		1463		9391		9475		85		281		28.3333333333

		6		1464		1566		9757		9859		103		402		34.3333333333

		7		1567		1668		10262		10363		102		1473		34

		8		1669		1749		11837		11917		81		2557		27

		9		1750		1956		14475		14681		207		99		69

		10		1957		2113		14781		14937		157		496		52.3333333333

		11		2114		2263		15434		15583		150		627		50

		12		2264		2412		16211		16359		149		572		49.6666666667

		13		2413		2576		16932		17095		164		94		54.6666666667

		14		2577		2769		17190		17382		193		276		64.3333333333

		15		2770		2944		17659		17833		175		240		58.3333333333

		16		2945		3043		18074		18172		99		85		33

		17		3044		3138		18258		18352		95		183		31.6666666667

		18		3139		3224		18536		18621		86		152		28.6666666667

		19		3225		*24		18774		18885		112		3573		NA

		20		*25		*237		22459		22671		213				NA





GUCY2D Table from PVS1

				3' acceptor position		5' donor position		exon skipping leads to preserved reading frame or frameshift (fs) with NMD?		PVS1 code for +- 1,2 dinucleotide change and rationale from Walker et al		exon known to be critical to protein function						aa

		exon 1		NA		-10		NA		PVS1_N/A (A)		NA						M1-S51		1-153		LS				exon 1		NA		-10

		exon 2		-9		721		next in-frame Met codon is at 244 in exon 3, no NMD but would make a truncated protein		PVS1 (B)		LS,  ECD						A52-E462		154-1386		ECD				exon 2		-9		721

		exon 3		722		1026		fs/NMD		PVS1 (C)		ECD						P463-V487		1387-1461		TM				exon 3		722		1026

		exon 4		1027		1378		fs/NMD		PVS1 (C)		ECD						R488-K603		1462-1809		JMD				exon 4		1027		1378

		exon 5		1379		1463		in-frame		PVS1 (F)		ECD, TM						A604-N815		1810-2445		KHD				exon 5		1379		1463

		exon 6		1464		1566		fs/NMD		PVS1 (C)		JMD						I816-P859		2446-2577		DD (Linker domain)				exon 6		1464		1566

		exon 7		1567		1668		in-frame		PVS1 (F)		JMD						S860-S1103		2578-3309		CCD				exon 7		1567		1668

		exon 8		1669		1749		in-frame		PVS1 (F)		JMD														exon 8		1669		1749

		exon 9		1750		1956		in-frame		PVS1 (F)		JMD, KHD														exon 9		1750		1956

		exon 10		1957		2113		fs/NMD		PVS1 (C)		KHD														exon 10		1957		2113

		exon 11		2114		2263		in-frame		PVS1 (F)		KHD														exon 11		2114		2263

		exon 12		2264		2412		fs/NMD		PVS1 (C)		KHD														exon 12		2264		2412

		exon 13		2413		2576		fs/NMD		PVS1 (C)		KHD, DD														exon 13		2413		2576

		exon 14		2577		2769		fs/NMD		PVS1 (C)		CCD														exon 14		2577		2769

		exon 15		2770		2944		fs/NMD		PVS1 (C)		CCD														exon 15		2770		2944

		exon 16		2945		3043		in-frame		PVS1 (F)		CCD														exon 16		2945		3043

		exon 17		3044		3138		fs/NMD		PVS1 (C)		CCD														exon 17		3044		3138

		exon 18		3139		3224		fs/NMD		PVS1 (H) - exon is known to be critical so upgraded to standard PVS1		CCD														exon 18		3139		3224

		exon 19		3225		3312+24		fs/NMD		PVS1 (I) - exon is known to be critical so upgraded to standard PVS1		CCD														exon 19		3225		3312+24

		exon 20		*25		*237		NA				NA														exon 20		*25		*237

		LS: leader sequence; ECD: extracellular domain; TM: transmembrane domain; JMD: juxtamembrane domain; KHD: kinase homology domain; DD: dimerization domain; CCD:cyclase catalytic domain





GUCY2D Functional

		15123990		Functional analyses of mutant recessive GUCY2D alleles identified in Leber congenital amaurosis patients: protein domain comparisons and dominant negative effects.		Tucker CL, Ramamurthy V, Pina AL, Loyer M, Dharmaraj S, Li Y, Maumenee IH, Hurley JB, Koenekoop RK.Mol Vis. 2004 Apr 20;10:297-303.				in vitro expression in HEK cells, assay to see if mutants generate cGMP, are activated by GCAPs. Test catalytic domain mutations P858S and L954P and extracellular domain mutations C105Y and L325P. Also tested for dominant-negative effects on wt RetGC-1.

		11328726		Complete abolition of the retinal-specific guanylyl cyclase (retGC-1) catalytic ability consistently leads to leber congenital amaurosis (LCA).		Rozet JM, Perrault I, Gerber S, Hanein S, Barbet F, Ducroq D, Souied E, Munnich A, Kaplan J.Invest Ophthalmol Vis Sci. 2001 May;42(6):1190-2.				We report here the study of 9 of 11 of the missense mutations (M1I, W21R, L41F, N129K, R313C, R976, R995W, M1009L, and H1019P), as well as a mutation truncating the COOH end of the protein (Q1036Z), on the catalytic ability of the mutant proteins. 		Figure 1 shows the retGC-1 activity in COS7 cell homogenates after transient expression of wild-type and mutant cDNA constructs. Each experimental value is the mean (±SD) of four independent triplicate experiments and is expressed as percentages of wild-type retGC-1 activity. Experimental values were corrected for differences in transfection efficiencies by normalizing for luciferase activity and were subtracted with background from nonrecombined PRK5-transfected cells. All mutations lying in the catalytic domain (R976L, R995W, M1009L, H1019P, and Q1036Z) result in the total abolition of the ability of the mutant cyclases to hydrolyze GTP into cGMP. Conversely, except the M1I mutation, which affects the initiation codon and results in severely reduced catalytic activity (13% compared with the wild-type), all mutations lying in the extracellular domain (W21R, L41F, N129K, and R313C) showed a normal cyclase activity compared with the wild-type. 

		10430891 		Biochemical analysis of a dimerization domain mutation in RetGC-1 associated with dominant cone-rod dystrophy.		Tucker CL, Woodcock SC, Kelsell RE, Ramamurthy V, Hunt DM, Hurley JB.Proc Natl Acad Sci U S A. 1999 Aug 3;96(16):9039-44. doi: 10.1073/pnas.96.16.9039.				Nope - this has to do with the dominant mutations

		29061346 		Genotype-functional-phenotype correlations in photoreceptor guanylate cyclase (GC-E) encoded by GUCY2D.		Sharon D, Wimberg H, Kinarty Y, Koch KW.Prog Retin Eye Res. 2018 Mar;63:69-91. doi: 10.1016/j.preteyeres.2017.10.003. Epub 2017 Oct 20.				review not primary data

		 32255808 		The pathogenicity of novel GUCY2D mutations in Leber congenital amaurosis 1 assessed by HPLC-MS/MS.		Feng X, Wei T, Sun J, Luo Y, Huo Y, Yu P, Chen J, Wei X, Qi M, Ye Y.PLoS One. 2020 Apr 7;15(4):e0231115. doi: 10.1371/journal.pone.0231115. eCollection 2020.

		 26427419 		A Mini-review: Animal Models of GUCY2D Leber Congenital Amaurosis (LCA1).		Boye SE.Adv Exp Med Biol. 2016;854:253-8. doi: 10.1007/978-3-319-17121-0_34.

		 25477517 		Impaired association of retinal degeneration-3 with guanylate cyclase-1 and guanylate cyclase-activating protein-1 leads to leber congenital amaurosis-1.		Zulliger R, Naash MI, Rajala RV, Molday RS, Azadi S.J Biol Chem. 2015 Feb 6;290(6):3488-99. doi: 10.1074/jbc.M114.616656. Epub 2014 Dec 4.

		23035049		Determining consequences of retinal membrane guanylyl cyclase (RetGC1) deficiency in human Leber congenital amaurosis en route to therapy: residual cone-photoreceptor vision correlates with biochemical properties of the mutants		Samuel G Jacobson 1, Artur V Cideciyan, Igor V Peshenko, Alexander Sumaroka, Elena V Olshevskaya, Lihui Cao, Sharon B Schwartz, Alejandro J Roman, Melani B Olivares, Sam Sadigh, King-Wai Yau, Elise Heon, Edwin M Stone, Alexander M Dizhoor Hum Mol Genet
. 2013 Jan 1;22(1):168-83. doi: 10.1093/hmg/dds421. Epub 2012 Oct 3.				In vitro analyses of the mutant alleles showed that in addition to the major truncation of the essential catalytic domain in RetGC1, some missense mutations in LCA1 patients result in a severe loss of function by inactivating its catalytic activity and/or ability to interact with the activator proteins, GCAPs. 

		20050595		Activation of retinal guanylyl cyclase RetGC1 by GCAP1: stoichiometry of binding and effect of new LCA-related mutations		Igor V Peshenko 1, Elena V Olshevskaya, Suxia Yao, Hany H Ezzeldin, Steven J Pittler, Alexander M Dizhoor Biochemistry
. 2010 Feb 2;49(4):709-17. doi: 10.1021/bi901495y.				Here we have determined the main RetGC isozyme (RetGC1):GCAP1 binding stoichiometry at saturation in cyto, using fluorescently labeled RetGC1 and GCAP1 coexpressed in HEK293 cells. In a striking manner, the equimolar binding of RetGC1 with GCAP1 in transfected HEK293 cells typical for wild-type RetGC1 was eliminated by a substitution, D639Y, in the kinase homology domain of RetGC1 found in a patient with a severe form of retinal dystrophy, Leber congenital amaurosis (LCA). A similar effect was observed with another LCA-related mutation, R768W, in the same domain of RetGC1. In contrast to the completely suppressed binding and activation of RetGC1 by Mg(2+)-liganded GCAP1, neither of these two mutations eliminated the GCAP1-independent activity of RetGC stimulated by Mn(2+). These results directly implicate the D639 (and possibly R768)-containing portion of the RetGC1 kinase homology domain in its primary recognition by the Mg(2+)-bound activator form of GCAP1.

		24567338 		Identification of target binding site in photoreceptor guanylyl cyclase-activating protein 1 (GCAP1).		Peshenko IV, Olshevskaya EV, Lim S, Ames JB, Dizhoor AM.J Biol Chem. 2014 Apr 4;289(14):10140-54. doi: 10.1074/jbc.M113.540716. Epub 2014 Feb 24.				Retinal guanylyl cyclase (RetGC)-activating proteins (GCAPs) regulate visual photoresponse and trigger congenital retinal diseases in humans, but GCAP interaction with its target enzyme remains obscure. We mapped GCAP1 residues comprising the RetGC1 binding site by mutagenizing the entire surface of GCAP1 and testing the ability of each mutant to bind RetGC1 in a cell-based assay and to activate it in vitro. Mutations that most strongly affected the activation of RetGC1 localized to a distinct patch formed by the surface of non-metal-binding EF-hand 1, the loop and the exiting helix of EF-hand 2, and the entering helix of EF-hand 3. Mutations in the binding patch completely blocked activation of the cyclase without affecting Ca(2+) binding stoichiometry of GCAP1 or its tertiary fold. Exposed residues in the C-terminal portion of GCAP1, including EF-hand 4 and the helix connecting it with the N-terminal lobe of GCAP1, are not critical for activation of the cyclase. GCAP1 mutants that failed to activate RetGC1 in vitro were GFP-tagged and co-expressed in HEK293 cells with mOrange-tagged RetGC1 to test their direct binding in cyto. Most of the GCAP1 mutations introduced into the "binding patch" prevented co-localization with RetGC1, except for Met-26, Lys-85, and Trp-94. With these residues mutated, GCAP1 completely failed to stimulate cyclase activity but still bound RetGC1 and competed with the wild type GCAP1. Thus, RetGC1 activation by GCAP1 involves establishing a tight complex through the binding patch with an additional activation step involving Met-26, Lys-85, and Trp-94.

		25616661		Evaluating the role of retinal membrane guanylyl cyclase 1 (RetGC1) domains in binding guanylyl cyclase-activating proteins (GCAPs).		Peshenko IV, Olshevskaya EV, Dizhoor AM.J Biol Chem. 2015 Mar 13;290(11):6913-24. doi: 10.1074/jbc.M114.629642. Epub 2015 Jan 23.				 Deletion of the Tyr(1016)-Ser(1103) fragment in RetGC1 did not block GCAP2 binding to the cyclase. In contrast, substitutions in the kinase homology domain, W708R and I734T, linked to Leber congenital amaurosis prevented binding of both GCAP1-GFP and GCAP2-GFP. Our results demonstrate that GCAPs cannot regulate RetGC1 using independent primary binding sites. Instead, GCAP1 and GCAP2 bind with the cyclase molecule in a mutually exclusive manner using a common or overlapping binding site(s) in the Arg(488)-Arg(851) portion of RetGC1, and mutations in that region causing Leber congenital amaurosis blindness disrupt activation of the cyclase by both GCAP1 and GCAP2.

		 9888789		Functional consequences of a rod outer segment membrane guanylate cyclase (ROS-GC1) gene mutation linked with Leber's congenital amaurosis.		Duda T, Venkataraman V, Goraczniak R, Lange C, Koch KW, Sharma RK.Biochemistry. 1999 Jan 12;38(2):509-15. doi: 10.1021/bi9824137.

		24616660		Dysfunction of outer segment guanylate cyclase caused by retinal disease related mutations.		Zägel P, Koch KW.Front Mol Neurosci. 2014 Feb 26;7:4. doi: 10.3389/fnmol.2014.00004. eCollection 2014.				In the present work we investigated the biochemical consequences of three point mutations, one is located in position P575L in the juxtamembrane domain close to the kinase homology domain and two are located in the cyclase catalytic domain at H1019P and P1069R. These mutations correlate with various retinal diseases like autosomal dominant progressive cone degeneration, e.g., Leber Congenital Amaurosis and a juvenile form of retinitis pigmentosa. Wildtype and mutant forms of ROS-GC1 were heterologously expressed in HEK cells, their cellular distribution was investigated and activity profiles in the presence and absence of guanylate cyclase-activating proteins were measured. The mutant P575L was active under all tested conditions, but it displayed a twofold shift in the Ca(2) (+)-sensitivity, whereas the mutant P1069R remained inactive despite normal expression levels. The mutation H1019P caused the cyclase to become more labile. The different biochemical consequences of these mutations seem to reflect the different clinical symptoms. The mutation P575L induces a dysregulation of the Ca(2) (+)-sensitive cyclase activation profile causing a slow progression of the disease by the distortion of the Ca(2) (+)-cGMP homeostasis. In contrast, a strong reduction in cGMP synthesis due to an inactive or structurally unstable ROS-GC1 would trigger more severe forms of retinal diseases.

		21463603		657WTAPELL663 motif of the photoreceptor ROS-GC1: a general phototransduction switch		Teresa Duda 1, Alexandre Pertzev, Rameshwar K Sharma Biochem Biophys Res Commun
. 2011 May 6;408(2):236-41. doi: 10.1016/j.bbrc.2011.03.134. Epub 2011 Apr 2.				To assess the signaling role of the individual residues in the 657WTAPELL663 motif, alanine scanning was performed. The W657A, T658A, P670A and E671A mutants were individually expressed in COS cells and analyzed for their GCAP1- and GCAP2-dependent Ca2+ signaling activities.
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RPE65 intron exon

		RPE65 intron/exon table from LOVD														coding exon div/3

		xon		c.startExon		c.endExon		g.startExon		g.endExon		lengthExon		lengthIntron

		1		-54		11		5001		5065		65		1188		NA

		2		12		94		6254		6336		83		1763		27.6666666667

		3		95		245		8100		8250		151		1826		50.3333333333

		4		246		353		10077		10184		108		103		36

		5		354		495		10288		10429		142		3530		47.3333333333

		6		496		643		13960		14107		148		1210		49.3333333333

		7		644		725		15318		15399		82		237		27.3333333333

		8		726		858		15637		15769		133		109		44.3333333333

		9		859		998		15879		16018		140		625		46.6666666667

		10		999		1128		16644		16773		130		6601		43.3333333333

		11		1129		1243		23375		23489		115		94		38.3333333333

		12		1244		1338		23584		23678		95		105		31.6666666667

		13		1339		1450		23784		23895		112		1137		37.3333333333

		14		1451		*952		25033		26136		1104				NA





RPE65 Table from PVS1

				3' acceptor position		5' donor position		exon skipping leads to preserved reading frame or frameshift (fs) with nmd?		PVS1 code for +- 1,2 dinucleotide change and rationale from Walker et al		exon known to be critical to protein function

		exon 1				c.11		fs/nmd		PVS1 (B)		yes

		exon 2		c.12		c.94		fs/nmd		PVS1 (C)		yes

		exon 3		c.95		c.245		fs/nmd		PVS1 (C)		yes

		exon 4		c.246		c.353		in frame/no nmd		PVS1 (D)		yes

		exon 5		c.354		c.495		fs/nmd		PVS1 (C)		yes

		exon 6		c.496		c.643		fs/nmd		PVS1 (C)		yes

		exon 7		c.644		c.725		fs/nmd		PVS1 (C)		yes

		exon 8		c.726		c.858		fs/nmd		PVS1 (C)		yes

		exon 9		c.859		c.998		fs/nmd		PVS1 (C)		yes

		exon 10		c.999		c.1128		fs/nmd		PVS1 (C)		yes

		exon 11		c.1129		c.1243		fs/nmd		PVS1 (C)		yes

		exon 12		c.1244		c.1338		fs/nmd		PVS1 (C)		yes

		exon 13		c.1339		c.1450		fs but no nmd because new stop is still in the final exon		PVS1 (H) - exon is known to be critical so upgraded to standard PVS1		yes

		exon 14		c.1451				N/A		PVS1 (I) - exon is known to be critical so upgraded to standard PVS1		yes
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