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Abstract 

Alport syndrome is a genetic disorder affecting the basement membranes of the kidney, ear 

and eye, and represents a leading cause of monogenic kidney disease. Alport syndrome is 

genetically heterogeneous with three key genes involved (COL4A3-5) and several 

transmission patterns, including monogenic X-linked, autosomal recessive/dominant and 

digenic. We report a consanguineous family where 13 individuals presented variable 

features of Alport syndrome including kidney failure on two generations and male-to-male 

transmission, suggesting autosomal dominant inheritance. COL4A3-5 gene panel analysis 

surprisingly reveals two distinct, confirmed splice-altering variants in COL4A3 

(NM_000091.4: c.1150+5G>A and c.4028-3C>T) present in homozygous or compound 

heterozygous state in individuals with kidney failure. This adds a further mode of 

transmission for Alport syndrome where, in a consanguineous family, the independent 

segregation of two variants at the same locus may create a pseudodominant transmission 

pattern. These findings highlight the importance of a molecular diagnosis in Alport syndrome 

for genetic risk counselling, given the variable modes of inheritance, but also the pitfalls of 

assuming identity by descent in consanguineous families.  

Keywords: 

Alport syndrome, COL4A3, chronic kidney disease, genetic counselling, massively parallel 

sequencing, haematuria 
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Introduction

The implementation of massively parallel sequencing (MPS) in nephrology led to 

improvements in diagnosis, risk stratification, therapy and genetic counselling (Groopman et 

al. 2019). Paradigmatic for the impact of MPS on disease ontology is Alport Syndrome, a 

clinically and genetically heterogeneous nephropathy characterised by haematuria, 

proteinuria, progressive chronic kidney disease (CKD), sensorineural deafness and ocular 

abnormalities (Kashtan et al. 2018). Alport syndrome is the second most common cause of 

monogenic kidney disease affecting as much as 1 in 5,000-10,000 individuals (Groopman et 

al. 2019). It is caused by pathogenic variants in COL4A3, COL4A4 and COL4A5 that encode 

type IV collagen α3, α4, and α5 chains forming a triple helix that constitutes a critical 

structural component of basement membranes of the glomerulus, the inner ear, the lens and 

the retina (Kashtan et al. 2018). The genetics of Alport syndrome are complex with several 

modes of inheritance: semidominant X-linked Alport syndrome (XLAS, MIM# 301050) for 

COL4A5 as well as autosomal recessive (ARAS, MIM# 203780) and dominant (ADAS) for 

both COL4A3 (MIM# 104200) and COL4A4. Finally, digenic inheritance with variants in 

different COL4A3-5 genes has been described (Furlano et al. 2021). XLAS is probably the 

most prevalent cause of kidney failure among Alport subtypes and males with XLAS or 

biallelic individuals with ARAS usually exhibiting more severe disease while heterozygous 

females with pathogenic COL4A5 variants are generally more mildly affected (Savige et al. 

2016). Monallelic pathogenic COL4A3/COL4A4 variants lead to a wide spectrum of 

manifestations, ranging from completely asymptomatic, or isolated haematuria to 

progressive CKD with extrarenal manifestations, variously referred to as autosomal 

dominant thin basement membrane nephropathy or ADAS (Furlano et al. 2021; Gale 2013; 

van der Loop et al. 2000). The reasons for this phenotypic spectrum is unclear but modifying 

genetic or environmental factors have been proposed (Furlano et al. 2021). Pogression to 

kidney failure is less likely (and occurs later) than in XLAS or ARAS (Furlano et al. 2021). 

Autosomal and X-linked Alport syndrome manifest thus evidence for semidominant 

inheritance, where homozygotes, compound heterozygotes or hemizygotes for mutant 
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alleles are generally more severely affected than are heterozygotes. Additionally, MPS 

approaches identified COL4A3-5 variants in individuals with bilateral renal cysts or FSGS 

with nephrotic range proteinuria (Gulati et al. 2020; Malone et al. 2014). This genetic and 

phenotypic heterogeneity explains the poor correlation between the a priori clinical suspicion 

for Alport syndrome and the final yield of molecular diagnoses. Furthermore, a reliable initial 

assessment of the mode of inheritance is often not possible (Fallerini et al. 2014; Groopman 

et al. 2019). Ergo, molecular diagnostics assessing all COL4A3-5 genes play a paramount 

role in individuals suspected to have Alport syndrome, even when not fulfilling all clinical 

criteria, as they allow (i) a precise molecular diagnosis and genetic counselling, (ii) 

prognostic considerations and (iii) adequate early treatment and inclusion in clinical trials 

and they can sometimes replace invasive kidney and skin biopsy (Savige et al. 2013).

Here, we present a multiplex consanguineous family with features of Alport syndrome 

including kidney failure on 2 subsequent generations and male-to-male transmission where, 

surprisinlgy, MPS-based diagnostics revealed the correct diagnosis to be ARAS. This adds 

to the genetic heterogeneity of Alport syndrome and highlights multiple pitfalls when studying 

consanguineous families as well as the importance of a molecular diagnosis in Alport 

syndrome.
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Results 

We report a four generation family of Pakistani origin including 13 affected individuals with 

variable phenotypes including haematuria, proteinuria, CKD, kidney failure and severe 

hearing impairment (Figure 1A). At least two consanguineous marriages between first 

degree cousins occurred. Isolated haematuria was seen in three adult individuals, of both 

genders. The presence of haematuria, proteinuria, hearing impairment and CKD, including 

kidney failure, was present in 6 family members, 1 male and 5 females, from 2 consecutive 

generations. (Figure 1A and Table 1). Ophthalmological examination revealed mild changes 

in 3 family members (Table 1). Deceased individual III.3 was reported severely affected but 

the precise phenotypic details are unknown. One family member with CKD stage 3B (IV:4, at 

age 28 years) had a native kidney biopsy which showed focal segmental glomerulosclerosis 

and chronic parenchymal damage on light microscopy. Electron microscopy showed 

glomerular basement membrane thinning (Figure 1B) with occasional lamellation and 

splitting, consistent with Alport syndrome. Kidney failure in two consecutive generations with 

females and males equally affected, and male-to-male transmission, suggested autosomal 

dominant Alport syndrome. Disease manifestations in both mothers and fathers in 

generation III and the degree of consanguinity injected however some uncertitude into this 

assumption.       

We performed MPS panel analysis of the COL4A3-5 genes in individual IV:7 and 

identified two distinct variants in COL4A3 (NM_000091.4): c.1150+5G>A and c.4028-3C>T. 

Both variants are rare and c.1150+5G>A, but not c.4028-3C>T, is predicted to affect splicing 

(Table 1 and Supplementary Figure 1). Segregation of the variants was performed in 10 

additional family members using exon-PCR and Sanger sequencing and the genotype was 

inferred in three family members. For both pairs of parents in generation III, 1 spouse was 

homozygous (or inferred homozygous) for the variant c.1150+5G>A and the other spouse 

heterozygous for the variant c.4028-3C>T. Six of their eight collective offspring had 

compound heterozygous changes and 2 were heterozygous for c.1150+5G>A (Figure 1A). 

In total, six out of eight homozygous or compound heterozygous individuals presented all 
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four clinical features, i.e., haematuria, proteinuria, hearing impairment and CKD progressing 

to kidney failure in 5 among them. Onset of kidney failure ranged between 21 and 40 years. 

Conversely, 4 heterozygous carriers (2 for each allele) presented with isolated haematuria 

and in addition hearing impairment in 1 of them, but no evidence of progressive CKD (Figure 

1C, Supplementary Figure 2 and Table 1).  

We evaluated the effects on splicing of both variants using whole blood-derived RNA 

from individual IV.4 and were able to confirm the predicted skipping of exon 20 for variant 

c.1150+5G>A and could also demonstrate acceptor site loss and skipping of exon 46 for 

variant c.4028-3C>T. Both of these events lead to in-frame deletions within the collagenous 

domain of COL4A3 (Figure 2 and Table 1). Evaluation of the two variants using the 

ACMG/AMG criteria as well as the modified criteria for Alport syndrome (Savige et al. 2021) 

conclude that both variants are pathogenic (Supplementary Table 1).
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Discussion

Alport syndrome is genetically complex as 3 genes are implicated in different modes of 

inheritances: X-linked semidominant for COL4A5, autosomal recessive and dominant for 

COL4A3 and COL4A4. In addition, phenotypic variability is partly due to more complex 

patterns such as digenic inheritance (Fallerini et al. 2017) or modifier non-COL4 genes 

(Voskarides et al. 2012). Here we add to this heterogeneity by presenting a further 

inheritance pattern where the segregation of 2 different COL4A3 splice-affecting variants in 

a consanguineous family creates an apparent dominant transmission of kidney failure of 

what is, in fact, an autosomal recessive trait in this family. Thereby, we highlight (i) the role 

of unbiased genetic testing taking into account more complex modes of transmission, (ii) the 

importance of a molecular diagnosis for individual genetic risk counselling in Alport 

syndrome, and (iii) the pitfalls of assuming identity by descent in consanguineous families.   

Pseudodominance is defined as the occurrence of an autosomal recessive trait 

present in individuals in two or more generations of a family, thereby appearing to follow a 

dominant inheritance pattern. Pseudodominant inheritance in consanguineous families has 

been described in other recessive kidney diseases such as nephronophthisis (Hoefele et al. 

2011) where heterozygotes are generally phenotypically unaffected. To the best of our 

knowledge, this is the first report of pseudodominant inheritence in Alport syndrome due to 

recessive variants in the same gene, indicating that this is either a rare or underreported 

event. Although transmission of kidney failure in this family is autosomal recessive, since 

heterozygotes exhibit isolated haematuria (and are likely to be at increased risk of renal 

impairment in later life (Gale 2013)) it was not possible to establish the correct mode of 

transmission without complete molecular information. In line, current guidelines for Alport 

syndrome recommend genetic testing to establish the correct mode of inheritance and to 

favor cascade genetic testing to assess at risk family members (Savige et al. 2019, 2021). It 

is important to notice that apparent dominant inheritance has been observed in digenic 

cases with COL4A3 and COL4A4 variants in cis (Fallerini et al. 2017). However, the risk of 

transmitting both variants together in this constellation is 50%, while there is minimal risk of 
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biallelic transmission to the next generation in our pedigree, provided that mating occurs with 

a COL4A3 wildtype partner. Families where early (<50 years) onset of kidney failure with 

clinical and histological features of Alport syndrome are seen segregating as an autosomal 

dominant trait in multiple individuals need to be evaluated with great care before attributing 

this to a monoallelic disorder. Indeed, our report illustrates that risk to off-spring of affected 

Alport syndrome individuals is very different if the disease is actually biallelic. 

We can only speculate about the origin of the 2 COL4A3 alleles in our family. One 

scenario involves presence of both alleles at heterozygous state in the common ancestors 

from generation I. Alternatively, individuals II.1 and II.5 may be related, both introducing the 

allele c.4028-3C>T in the two branches of this family. Finally, we can infer that both parents 

II.3 and II.4 are heterozygous for c.1150+5G>A, that they therefore likely share a common 

ancestor that we are not aware of and thus introduce an additional loop of consanguinity 

leading to full phenotypic disease expression in generation III. Recent estimates suggest the 

presence of predicted pathogenic splice variants in 1:2000 south Asian individuals (Gibson 

et al. 2021) and no canonical splicing variant occurred more than twice in the gnomAD 

dataset. Therefore, the observation of multigeneration kidney failure in young adults 

associated with the presence of 2 distinct and independently segregating splice-affecting 

alleles is noteworthy and highlights the challenges and surprises when investigating 

consanguineous families for a genetically heterogeneous disease. Interestingly, a recent 

survey in the Genome Aggregation Database (gnomAD) estimated an overall population 

frequency of heterozygous predicted pathogenic variants in COL4A3 or COL4A4 of 0.94% 

(1:106) with highest prevalences in in people of Latino (in 1.58%), East Asian (1.34%) or 

African (1.28%) ancestries (Gibson et al. 2021). Given these high population prevalences, a 

pseudodominant inheritance pattern of two pathogenic variants might not be such a rare 

occurrence, especially in certain populations, and might account for some families that were 

labelled ADAS and where kidney failure occurred in several generations.      

Finally, we also want to stress the importance of verifying potential disease-causing 

variants arising from MPS. In silico predictions stated that c.4028-3C>T was unlikely to affect 
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splicing. A variant affecting the some position (c.4028-3C>A) has been reported before in 3 

heterozygous individuals, 2 with isolated haematuria and 1 with proteinuria and kidney 

failure, and its effect on splicing demonstrated (Bullich et al. 2015). Here, we could show that 

also c.4028-3C>T leads to exon 46 skipping. The second variant c.1150+5G>A is predicted 

to lead to exon 20 skipping and has been reported before in the Leiden Open Variation 

database as VUS. Using patient-derived RNA, we could confirm exon 20 skipping. In both 

instances, an inframe deletion of 42 amino acids (exon 46) or 12 amino acids (exon 20) 

within the collagenous domain is predicted to remove 12 and 4 Gly-X-Y repeats, respectively 

(Mariyama et al. 1994). Consistent with earlier reports of in-frame deletions within the 

collagenous domain (van der Loop et al. 2000), we provide evidence that both variants 

identified in our family are deleterious.
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Figure legends

Figure 1. Clinical and genetic analysis of multiplex consanguineous family with Alport 

syndrome. (A) Pedigree diagram displaying females (circles) and males (squares) presenting 

various features of Alport syndrome as indicated by symbol filling. COL4A3 allele status is 

indicated below the symbols. Please note that genotypes for individuals II.3, II.4 and III.2 are 

inferred from offspring and that the consanguineous marriage between II.3 and II.4 is inferred from 

offspring genotype. (B) Native renal biopsy for individual IV.4. Electron microscopy shows 

glomerular basement thinning down to 90 nanometres with occasional glomerular basement 

lamellation and splitting consistent with Alport syndrome. (C) Distribution of phenotypes according 

to individual genotype.  Please note that 100% of heterozygous individuals present haematuria, 

while none of them showed proteinuria, chronic kidney disease (CKD) or kidney failure. 

Conversely, among homozygous or compound heterozygous individuals, 8/8 (100%) presented 

proteinuria, 6/8 (75%) CKD and 5/8 (62.5%) kidney failure. 

Figure 2. Identified COL4A3 variants lead to exon skipping. (A) Genomic DNA Sanger 

sequencing chromatogram extract confirms heterozygous COL4A3 (NM_000091.5) c.1150+5G>A 

variant in individual IV.3. (B) RT-PCR product electrophoresis and amplicon sequencing confirm 

aberrant splicing with COL4A3 exon 20 skipping in individual IV.3. (C) Genomic DNA Sanger 

sequencing chromatogram extract confirms heterozygous COL4A3 (NM_000091.5) c.4028 -3C>T 

variant in individual IV.3. (D) RT-PCR product electrophoresis and amplicon sequencing confirm 

aberrant splicing with COL4A3 exon 46 skipping in individual IV.3. 
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Table 1. Clinical characteristics of family members and description of COL4A3 alleles 

Family 
member COL4A3 Allele 1 COL4A3 Allele 2 Gender Age range 

(years) Haematuria Proteinuria CKD stage 
(years)

Hearing 
impairment Eye exam

III:I WT c.4028-3C>T Male 60-65 Yes No 1 No N/A

III.2 inferred 
c.1150+5G>A

inferred 
c.1150+5G>A Female 50-55 Yes Yes 5 (Age 40) Yes N/A

III:4 c.4028-3C>T WT Female 60-65 Yes No 1 (Age 61) No N/A
III:5 c.1150+5G>A c.1150+5G>A Male ⴕ (50-55) Yes Yes 5 (Age 35) Yes N/A
IV:1 c.1150+5G>A WT Male 30-35 Yes N/A N/A Yes N/A
IV:2 c.1150+5G>A c.4028-3C>T Female 30-35 Yes Yes 1 Yes N/A
IV:3 c.1150+5G>A c.4028-3C>T Female 40-45 Yes Yes 5 (Age 21) Yes N/A

IV:4 c.1150+5G>A c.4028-3C>T Female 30-35 Yes Yes 3B Yes Mottled retinal epithelial 
pigmentation, myopia

IV:5 c.1150+5G>A WT Male 40-45 Yes N/A N/A No N/A
IV:6 c.1150+5G>A c.4028-3C>T Female 40-45 Yes Yes 5 (Age 37) Yes N/A

IV:7 c.1150+5G>A c.4028-3C>T Female 36-40 Yes Yes 5 (Age 30) Yes Flecks in both maculars, 
dots in the peripheral retina

IV:8 c.1150+5G>A c.4028-3C>T Female 30-35 Yes Yes 1 Yes Myopia, angioid streaks

COL4A3 variant
(NM_000091.5)

Genomic coordinates 
(GRCh38) gnomAD HSF impact prediction MaxEnt SpliceAI Patient RNA studies

c.1150+5G>A; 
p.(Gly372_Pro383del) chr2:227261122:G:A 1/249,146/0 DS alteration, most 

probably affecting splicing
DS: 8.14 -> 

3.72: -54.3%
Delta score for 

donor loss: 0.61
in-frame skipping of exon 20, 

silent (ggu -> gga)

c.4028-3C>T; 
p.(Gly1343_Leu1384del) chr2:227304016:C:T Not 

reported
No significant impact on 

splicing signals
AS: 9.87 -> 

8.83: -10.5%
Delta score for 

acceptor loss: 0.36
in-frame skipping of exon 46, 

silent (ggu -> gga)
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Transcript used: RefSeq NM_000091.5
Abbreviations: AS, acceptor splice site; CKD, chronic kidney disease - stage 1: eGFR >90ml/min/1.73m2, stage 2: eGFR 60-89ml/min/1.73m2, 
stage 3A: eGFR 45-59ml/min/1.73m2, stage 3B: eGFR 30-44ml/min/1.73m2, stage 4: eGFR 15-29ml/min/1.73m2, stage 5: eGFR 
<15ml/min/1.73m2 or initiation of renal replacement therapy or kidney transplantation; DS, donor splice site; GnomAD, Genome Aggregation 
Database (displayed as allele counts/total alleles/homozygotes); HSF, Human Splicing Finder; N/A, not available. HSF impact predictions and 
MaxEnt Donor Site variation score were generated in 08/2021 through https://hsf.genomnis.com. SpliceAI was generated via Ensembl Variant 
Effect Predictor.  
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Supplementary Information

Pseudodominant Alport syndrome caused by pathogenic 

homozygous and compound heterozygous COL4A3 splicing 

variants

Methods
Supplementary Figures 1-2
Supplementary Table 1
Supplementary References
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Methods 

Web resources

Ensembl VEP: https://www.ensembl.org/info/docs/tools/vep/index.html    

GnomAD v2.1.1: https://gnomad.broadinstitute.org/    

HGMD®: http://www.hgmd.cf.ac.uk/ac/index.php

Human Splice Finder: https://hsf.genomnis.com/login (Desmet et al. 2009) 

Leiden Open Variation Database - COL4A3 gene homepage: 

https://databases.lovd.nl/shared/genes/COL4A3 

NCBI ClinVar: https://www.ncbi.nlm.nih.gov/clinvar/     

ProteinPaint: https://pecan.stjude.cloud/proteinpaint (Zhou et al. 2016)  

Varsome: https://varsome.com/ (Kopanos et al. 2019)

Ethical approvals and patient assessment 

This study was approved by the North East - Newcastle & North Tyneside 1 Research Ethics 

Committee (18/NE/350). Detailed phenotyping was undertaken by the recruiting physicians 

and authors of this study and clinical data regarding family relation, gender, kidney function 

(haematuria, proteinuria, chronic kidney disease, kidney failure), hearing loss and ocular 

lesions were recorded. Following informed and written consent, DNA was obtained from all 

affected individuals. 

Genomic DNA isolation, amplification, sequencing and variant annotation 

An automated genomic DNA extraction method from blood samples was used, utilizing the 

QIA symphony DNA kit (#931236, Qiagen, Germany). Affected individuals had their DNA 

tested using a targeted predesigned MPS Alport syndrome gene panel (ALPORT MASTR 

Multiplicom, MRC-Holland, the Netherlands), which specifically amplified and sequenced the 

entire coding exons for the COL4A3, COL4A4 and COL4A5 genes (Gillion et al. 2018). After 

quality control, samples were sequenced using an MPS illumina Mi Seq® platform (Illumina, 

San Diego, CA, USA) with paired end sequencing using the sequencing by synthesis 
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technology. Data analysis was performed using Nextgene® software (Softgenetics LLC, PA, 

USA). 

Determining pathogenicity of sequence variants

Variant pathogenicity was determined in accordance with guidelines from the American 

College of Medical Genetics and Genomics (ACMG) and the Association for Molecular 

Pathology (Richards et al. 2015). Online disease databases were screened to determine if 

variants were reported previously (LOVD, ClinVar, HGMD) and to determine allele 

frequencies (gnomAD). We utilized in silico splice prediction software tools Human Splicing 

Finder (Desmet et al. 2009), SpliceAI (Jaganathan et al. 2019) as well as MaxEntScan (Yeo 

and Burge 2004). Sanger sequencing was utilized to confirm variants of interest and their 

segregation. Variants were described according to the COL4A3 reference transcript 

(NM_000091.4) using the nomenclature recommended by the Human Genome Variation 

Society. 

RNA preparation and RT-PCR

Total RNA from peripheral blood lymphocytes was isolated using RNeasy mini kit (Qiagen) 

according to the manufacturer’s instructions and quantified using a NanoDrop 2000 

spectrophotometer. 1μg RNA was reverse-transcribed using an oligo-dT primer and 

SuperScript III Reverse Transcriptase (Thermo Fisher Scientific). The resulting cDNA was 

diluted 1 in 10 and used in PCR reactions using GoTaq® DNA Polymerase (Promega) and 

primers targeting COL4A3 exons 19 & 22 and exons 45 & 47 respectively. Product 

electrophoresis was performed on a 1% agarose gel. Sanger sequencing of RT-PCR 

products was carried out by the Northern Molecular Genetics Service.
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Supplementary Figure 1. Identified COL4A3 variants

COL4A3 RNA (RefSeq NM_000091) and exon structure with UTR in grey and annotated with domains (N-terminal 7S domain, triple helical 
domain, and C-terminal non-collagenous (NC1) domain as in (Braunisch et al. 2018). Variants c.1150+5G>A and c.4028-3C>T painted above 
RNA structure. Exon and protein domain visualization performed using ProteinPaint (Zhou et al. 2016). 
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Supplementary Figure 2. Distribution of genotypes according to phenotype 

Schematic display of the contribution of the different genotypes to the renal and extra-renal manifestations in the reported family. Please note 
that only homozygous or compound heterozygous individuals presented with proteinuria, chronic kidney disease or kidney failure. 
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Supplementary Table 1. ACMG/AMP criteria for detected COL4A3 variants

NM_000091.4: 
c.1150+5G>A 

ACMG/AMP criteria (Richards et al. 2015) ACMG/AMP criteria adaptations for Alport syndrome (Savige 
et al. 2021)

PS3 Well-established (robust and reproducible) in vitro or in vivo 
functional studies supportive of a damaging effect on the gene or 
gene product

Due to their complexity, functional assays are mostly used for 
research and not for diagnostic utility. The findings must be 
specific for the variant being tested and not simply be true for the 
gene.

PM2 Absent from controls (or at extremely low frequency if recessive) 
in gnomAD, ESP, 1000 Genomes or ExAC

Monoallelic pathogenic variants in COL4A5 affect at least one in 
5000 of the population, and heterozygous pathogenic COL4A3 and 
COL4A4 variants one in 100, which means some pathogenic 
variants are present in large reference databases of normals

PM3 For recessive disorders, detected in trans with a pathogenic 
variant

PP1 Co-segregation with disease in multiple affected family members 
in a gene definitively known to cause the disease

PP4 Patients’ phenotype or family history is highly specific for a 
disease with a single genetic aetiology

Applicable in families with history of microscopic haematuria, 
hearing loss and renal failure. At least 80% of individuals with 
inherited haematuria can be demonstrated to have a pathogenic 
variant in one or more of the COL4A3–COL4A5 genes

PP3 Multiple lines of computational evidence support a deleterious 
effect on the gene or gene product (conservation, evolutionary, 
splicing impact, etc.) (impact on splicing predicted by HSF, 
MaxEnt, SpliceAI, see Table 1)

Pathogenic (1 strong + 2 moderate + 3 supporting)

NM_000091.4: 
c.4028-3C>T

ACMG/AMP criteria (Richards et al. 2015) ACMG/AMP criteria adaptations (Savige et al. 2021)

PS3 Well-established (robust and reproducible) in vitro or in vivo 
functional studies supportive of a damaging effect on the gene or 
gene product

Due to their complexity, functional assays are mostly used for 
research and not for diagnostic utility. The findings must be 
specific for the variant being tested and not simply be true for the 
gene.
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PM2 Absent from controls (or at extremely low frequency if recessive) 
in gnomAD, ESP, 1000 Genomes or ExAC

Monoallelic pathogenic variants in COL4A5 affect at least one in 
5000 of the population, and heterozygous pathogenic COL4A3 and 
COL4A4 variants one in 100, which means some pathogenic 
variants are present in large reference databases of normals

PM3 For recessive disorders, detected in trans with a pathogenic 
variant

PP1 Co-segregation with disease in multiple affected family members 
in a gene definitively known to cause the disease

PP4 Patients’ phenotype or family history is highly specific for a 
disease with a single genetic aetiology

Applicable in families with history of microscopic haematuria, 
hearing loss and renal failure. At least 80% of individuals with 
inherited haematuria can be demonstrated to have a pathogenic 
variant in one or more of the COL4A3–COL4A5 genes

BP4 Benign computational verdict based on 1 benign prediction from 
DANN vs no pathogenic predictions and the position is not 
strongly conserved (CSH phyloP100way = -0.264 is less than 5) 
(Varsome, (Kopanos et al. 2019)). Furthermore, no significant 
impact on splicing predicted by HSF, MaxEnt, SpliceAI (see 
Table 1)

Pathogenic (1 strong + 2 moderate + 2 supporting)
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