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Clinically and genetically, inherited retinal diseases (IRDs) vary 
widely.  Collectively, they are the most common cause of visual 
loss in people aged 15 to 45, with an estimated frequency of 
1:2000 [1–3].  IRDs can be categorized clinically according 
to the course of the disease and  the retinal cell types that 
play a major role in the pathophysiology of illness.  They 
can be progressive, like in retinitis pigmentosa (RP), which 
is essentially a rod-cone dystrophy, as well as in cone-rod 
dystrophy (CRD) and Stargardt disease (STGD1), or stationary, 
like in the majority of cases with congenital stationary night 
blindness (CSNB) and achromatopsia (ACHM).  The basic 
malfunction or degeneration of the rod or cone photoreceptor 
cells serves as the basis for a second group.
We can differentiate between ACM, or color blindness 
[5], where one or more of the three types of cone cells 
are malfunctioning, and CSNB, which is a failure of retinal 
communication from rods and cones to bipolar cells [4].Cones 
are impacted first in those with CRD and STGD1, then rod 
degeneration.  Accordingly, those who are impacted first get 
central visual abnormalities that spread to the mid-periphery.  
The opposite is true for people with RP: rod degeneration 
causes night blindness and tunnel vision as initial clinical 
symptoms. As the disease progresses, central vision can 
also be compromised when cones degenerate, ultimately 
resulting in legal blindness.In patients with CRD and STGD1, 
cones are affected first, followed by rod degeneration.   As 
a result, persons affected initially experience central visual 
anomalies before they spread to the mid-periphery.   In 
contrast, the first clinical indications of rod degeneration in 
RP patients are tunnel vision and night blindness.  Cones may 
deteriorate as the condition worsens, impairing central vision 
and eventually leading to legal blindness..  For instance, RP is 

caused by mutations in 84 distinct genes [10], of which 33 are 
linked to cone dystrophy (CD)/CRD, 20 to macular dystrophies 
(MD), 15 to CSNB, and 9 to familial exudative vitreoretinopathy 
(FEVR).The six main non-syndromic inherited retinal disorders 
(IRDs) exhibit genetic variability. Disease-specific genes are 
shown by numbers inside the ellipses, whilst the number of 
non-syndromic IRD genes causing the particular disease is 
indicated by numbers outside the ellipses. or to genes that 
have been altered in two or more illnesses.  There are 146 non-
redundant genes linked to these non-syndromic IRDs.  CD/
CRD: cone dystrophy/cone-rod dystrophy; CSNB: congenital 
stationary night blindness; MD: macular dystrophy; EVR: 
exudative vitreoretinopathy; RP: retinitis pigmentosa; LCA: 
Leber congenital amaurosis.
As demonstrated by GUCY2D, where ad variants produce CRD 
and ar variants cause LCA, different variations in a single gene 
can result in either dominant (ad) or autosomal recessive (ar) 
retinal dystrophies (RDs) [12,13].  AdRP and arRP may also be 
impacted by variations in rhodopsin (RHO) and RP1 [14–17].
 There are a number of instances when there remains residual 
protein activity, even though mutations that cause the 
absence of functional protein are the source of many arRDs.  
IRDs of varying severity can therefore be linked to distinct 
combinations of mutations in specific genes.  For instance, a 
mix of severe and moderate variations causes intermediate 
or late-onset STGD1, while two null alleles in ABCA4 cause 
early-onset CRD [9,18–21].
Syndromic and non-syndromic variants of arRDs can also 
result from distinct combinations of mutations in the same 
gene.  Certain mutations in USH2A result in Usher syndrome 
type 2 or non-syndromic arRP [22, 23].  
Changes to Bardet-Biedl Non-syndromic arRP also contains 

https://directivepublications.org/


Directive PublicationsFrans P. M. Cremers

BBS-associated genes, like BBS1, and LCA, Senior-Løken 
syndrome, Joubert syndrome, or Meckel-Gruber syndrome 
are caused by variations in CEP290 [27–30].  Lastly, certain 
IRD-associated genes have bi-allelic null mutations that 
can be fatal.  Two NMNAT1 null alleles were thought to be 
potentially fatal [35] or linked to syndromic IRD, given the vast 
majority of LCA cases with NMNAT1 variations possess one 
hypomorphic variant and one null allele [31–35].The ornithine 
aminotransferase (OAT) gene linked to gyrate atrophy was the 
first gene linked to retinal illness to be discovered.  In 1977, a 
patient’s cells showed decreased ornithine aminotransferase 
activity [36], and the OAT gene was cloned in 1988, marking 
the discovery of the first mutation [37].
The second and third genes linked to IRD were discovered 
years later.  Using a candidate gene method, mutations in 
the RHO gene, which codes for the rod-specific light-sensitive 
chromophore, were found in adRP patients [14] after linkage 
research in a sizable Irish adRP family had suggested a 
genomic region containing this gene [38].  By mapping 
deletions in patients with syndromic and non-syndromic 
choroideremia, the CHM gene was discovered that same 
year using a positional cloning technique [8].The search for 
IRD-associated variations in genes encoding proteins with 
recognized critical roles in the retina, or the candidate gene 
strategy, has proven to be highly effective.  Comparing the 
characteristics of current animal models with a known genetic 
flaw and then screening the Numerous genes underlying IRD 
have been found by the corresponding candidate gene [4].  By 
using linkage to establish their genomic position, or positional 
cloning, IRD-associated genes can be identified.Though this 
usually necessitates the availability of big families or a large 
collection of families in which the same locus is implicated, 
analysis has been utilized successfully.  Microarrays can be 
used to conduct linkage studies by testing hundreds of single 
nucleotide polymorphisms (SNPs) dispersed throughout the 
genome.
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