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 34 

Abstract 35 

Background: Chronic kidney disease (CKD) affects over 10% of the global population. A 36 

genetic diagnosis can be identified in about 30% of pediatric and 10-30% of adults, informing 37 

treatment, prognosis, and family-based risk assessment. However, access to renal genetics 38 

services remains limited across many healthcare systems. 39 

Objectives: To characterize the clinical and genetic landscape of CKD in patients referred for 40 

genetic evaluation within a Canadian single-centre nephrology-genetics program, and to evaluate 41 

the diagnostic yield and clinical utility of an integrated renal genetics clinic. 42 

Methods: We conducted a retrospective study of 206 probands referred for suspected hereditary 43 

kidney disease to the McGill University Health Centre Renal Genetics Clinic between 2019 and 44 

2024. Genetic testing was performed in accredited laboratories, predominantly through 45 

comprehensive multi-gene panels or phenotype-directed exome sequencing. All reported variants 46 

were classified according to the ACMG/AMP criteria, and variants of uncertain significance 47 

were reevaluated  post hoc using standardized quantitative and evidence-tier frameworks to 48 

determine whether they trended toward “likely pathogenic” (“hot”) or “likely benign” (“cold”), 49 

without implying formal reclassification. 50 

Results: A molecular diagnosis was established in 34.5% of probands (71/206), implicating 51 

pathogenic or likely pathogenic variants across 35 genes representing diverse monogenic kidney 52 

disease etiologies. The highest diagnostic yields were observed in cystic nephropathy (51.9%), 53 
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tubulopathy (38.5%), and glomerulopathy (35.6%). Genetic results affected clinical management 54 

in 23.9% of diagnosed cases, leading to changes in treatment for 16.9%, modification of 55 

transplant management in 5.6%, informed living donor risk assessment in 14.1%, and facilitated 56 

cascade testing in 66.2% of families. CKD of unknown etiology comprised 28% of the cohort, 57 

with a genetic diagnosis reached in 25.9% of these cases. Variants of uncertain significance 58 

(VUS) were reported in 39.3% of probands, with higher overall variant burden and lower 59 

diagnostic yields among individuals of non-European ancestry. Post hoc internal reassessment 60 

stratified 67.7% of VUS as mid or lower confidence (“cold”) and 32.2% as higher confidence 61 

(“hot”) or likely pathogenic.  62 

Conclusions: In a diverse urban population, integration of a dedicated renal genetics service 63 

within nephrology care achieved high diagnostic yield, substantially influenced management, 64 

and facilitated family risk assessment. Structured referral pathways and multidisciplinary variant 65 

interpretation optimize the clinical utility of genetic testing in CKD. 66 

Introduction 67 

Chronic kidney disease (CKD) affects about 850 million people globally, and approximately 1 in 68 

10 Canadians (roughly 4 million people), causing significant morbidity and mortality, while 69 

exerting a tremendous toll on the health care system.1–5 Genetic testing in patients with suspected 70 

inherited kidney disease can transform clinical care by providing definitive molecular diagnoses 71 

that inform personalized treatment decisions, family counseling, and prognostic assessment.6–10  72 

Monogenic disorders underlie about 10-20% of adult CKD and about 30% of pediatric 73 

disease.11,12 Reviews of adult and pediatric cohorts report roughly 200 diagnostic genes overall, 74 

with a highly skewed distribution of yield: in early-onset CKD, seven genes account for about 75 
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two thirds of diagnoses, and in adults, 10 genes accounting for more than 50% of the diagnostic 76 

yield.13–16  77 

These findings have catalyzed the development of dedicated renal genetics clinics as an effective 78 

model to enhance the diagnostic process and clinical management of genetic kidney diseases. 79 

Now, specialized renal genetic clinics using next-generation sequencing (NGS) strategies and 80 

careful patient selection observe diagnostic yields of 20-40% in adult cohorts11,12,14,17,18 and as 81 

high as 65–67% for early-onset CKD, with even higher yields observed in cystic kidney diseases 82 

(77%) and tubulopathies (86%) compared to other disease categories13,19–22. These models 83 

outperform traditional workflows and highlight the critical role of stringent evidence-based 84 

inclusion criteria. The diagnostic yield is strongly determined by the composition of the cohort, 85 

defined as the pretest enrichment. The key determinants include the proportion with a positive 86 

family history or consanguinity, age at onset, the kidney disease suspected diagnosis at referral, 87 

CKD stage and severity, and the presence of extra-renal manifestations.12,23,24  88 

These results informed the recent KDIGO guidelines (Kidney Disease: Improving Global 89 

Outcomes), which recommend routine genetic testing when CKD etiology is uncertain or when 90 

management may be altered by a genetic diagnosis.25 Importantly, economic evaluations in 91 

kidney genetics and in pediatric suspected monogenic disease show that earlier use of 92 

comprehensive sequencing is cost-saving or cost-effective, particularly in early-onset 93 

presentations.22,26  It is important to note, however, that these cost-effectiveness analyses 94 

considered only confirmed diagnostic findings and did not account for the potential downstream 95 

implications of variants of uncertain significance (VUS), which may generate additional 96 

healthcare costs, increase patient anxiety, and prompt unnecessary or potentially harmful 97 

investigations. Importantly, the rate of reporting variants of VUS is not uniform across 98 
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populations or genes. It is higher among individuals from ancestries underrepresented in 99 

population reference databases and in genes that have historically been sequenced less 100 

frequently, where limited prior evidence constrains confident variant interpretation.27 Broad 101 

testing strategies using large renal panels or exome-backbone virtual panels are now common; 102 

however, larger static panels are associated with higher VUS rates, whereas exome and genome 103 

sequencing typically yield fewer VUS per test owing to more selective reporting practices.28 To 104 

our knowledge, no published cost-effectiveness analysis has explicitly compared curated gene-105 

panel strategies with exome-based approaches while also modelling the potential downstream 106 

consequences of VUS (e.g., further testing and healthcare costs) into the outcome. In this study, 107 

we present a retrospective analysis of adult and pediatric patients with kidney disease who were 108 

evaluated for genetic testing in the multidisciplinary Nephrogenetics Clinic at the McGill 109 

University Health Centre in Montreal, Canada. We also describe how post-test variant 110 

adjudication, family-based testing, and standardized handling of secondary findings contribute to 111 

a more integrated model of genetic care. Our findings highlight the role of multidisciplinary 112 

renal genetics clinics in the diagnosis and management of inherited kidney disease.  113 

Methods 114 

Renal Genetics Clinic 115 

In July 2019, a Renal Genetics clinic was created within the Division of Medical Genetics at the 116 

McGill University Health Centre (MUHC). The MUHC is an academic tertiary and quaternary 117 

care centre in Montreal, Quebec, Canada, and serves as the primary referral centre for the Réseau 118 

universitaire intégré de santé McGill (RUIS McGill). The clinic's catchment area encompasses 119 

approximately 1.8 million people across seven regional health authorities spanning 63% of 120 
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Quebec's territory, reflecting the geographic and demographic diversity of the province. 121 

Educational talks and meetings were established with the faculty and staff within the Division of 122 

Nephrology to optimize the workflow of the Renal Genetics clinic and to familiarize 123 

nephrologists on referral criteria and genetic topics commonly encountered in the clinic. 124 

Eligibility for referral reflected standard Nephrogenetics practice: any clinical suspicion of a 125 

heritable kidney disorder, including early-onset CKD or ESKD at age 50 years or younger, 126 

positive family history, congenital anomalies of the kidney and urinary tract, cystic kidney 127 

disease, persistent hematuria or proteinuria, steroid-resistant nephrotic syndrome or focal 128 

segmental glomerulosclerosis, syndromic or extrarenal features, and unexplained tubulopathies 129 

or recurrent nephrolithiasis, and nephropathy of unknown etiology.29  130 

Within the Renal Genetics Clinic, patients were evaluated by a medical geneticist or a genetic 131 

counsellor. Initial consultations included obtaining a comprehensive medical and three-132 

generation family history, performing a personalized genetic risk assessment, and when 133 

appropriate, conducting a focused physical examination. Informed consent was obtained prior to 134 

testing, and sample collection (via blood or saliva) was coordinated for clinical genetic testing 135 

when indicated. Referrals were accepted from internal MUHC, external healthcare providers, and 136 

self-referrals directly from patients (Figure 1). 137 

Study Cohort 138 

The present retrospective study included pediatric and adult patients with suspected inherited 139 

kidney disease, as defined by the referral criteria described above, who were evaluated in the 140 

Renal Genetics clinic and underwent clinical genetic testing between July 2019 and December 141 

2024. We performed a retrospective chart review to collect data on demographic variables (age, 142 

self-reported race, and sex assigned at birth), clinical characteristics, detailed three-generation 143 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted November 13, 2025. ; https://doi.org/10.1101/2025.11.07.25339114doi: medRxiv preprint 

https://doi.org/10.1101/2025.11.07.25339114
http://creativecommons.org/licenses/by-nc/4.0/


 7

family history, referral indications, genetic testing results and implications for clinical 144 

management. The a priori clinical diagnosis was established based on broad etiologic disease 145 

categories, as determined by the referring nephrologist or by a medical geneticist with expertise 146 

in nephrology.  147 

Clinical utility was assessed across five predefined categories: 1) treatment modification, defined 148 

as initiation or adjustment of therapy attributable to genetic diagnosis; 2) transplant management 149 

changes, defined as alterations in peri-transplant evaluation, including donor selection and 150 

perioperative protocols; 3) living donor risk assessment, defined as genetic evaluation to inform 151 

donor eligibility and counseling; 4) cascade testing, defined as targeted testing of at-risk family 152 

members; and 5) prognostic clarity, defined as refinement of prognosis and reproductive risk 153 

counseling.  154 

Ethics approval for the retrospective chart review was obtained from the McGill University 155 

Health Centre Research Ethics Board (Protocol 2025-10930). For participants enrolled for 156 

reanalysis and expanded testing, and for the presentation of case-specific clinical information, 157 

approval was obtained from the same board (Protocol 2023-9387). Written informed consent was 158 

obtained in accordance with the Declaration of Helsinki. 159 

Genetic Testing 160 

All diagnostic genetic tests ordered through the Renal Genetics Clinic were performed in CLIA 161 

(Clinical Laboratory Improvement Amendments)-certified laboratories, and variants were 162 

classified according to the respective standardized laboratory protocols. Most tests were ordered 163 

from Prevention Genetics (Marshfield, Wisconsin, United States) and Blueprint Genetics 164 

(Helsinki, Finland) as multi-gene panels. Blood or saliva swabs were collected for genetic testing 165 
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at the time of in-person visit. For patients seen remotely via telemedicine, saliva collecting kits 166 

were shipped to their home.  167 

Genetic tests ordered included targeted disease panel (<100 genes), broad multi-gene panels 168 

(>100 genes), phenotype-driven clinical exome-wide sequencing (virtual panel), chromosomal 169 

microarrays, single-gene sequencing and targeted variant testing. Quebec has a publicly funded 170 

health care system which covers the cost of gene panel testing for eligible patients, ranging from 171 

single-gene panels to phenotype-driven panels that include all OMIM-morbid genes.  172 

Genetic Testing Results 173 

A positive diagnostic result was defined as the presence of a pathogenic or likely pathogenic 174 

(P/LP) variant in a gene that either fully or partially accounts for the patient’s clinical features. A 175 

positive nondiagnostic result referred to P/LP variants that were not causative of the patient’s 176 

kidney disease. An incidental finding was characterized by a P/LP variant in a gene associated 177 

with a condition unrelated to the individual’s kidney disease. 178 

Specific genetic findings were classified as positive diagnostic results: heterozygous P/LP 179 

variants in COL4A3 or COL4A4, as well as heterozygous COL4A5 variants in females. APOL1 180 

high-risk genotypes (G1/G1, G1/G2, G2/G2) were counted as an etiologic diagnosis only when 181 

the clinicopathologic picture was concordant with APOL1-associated kidney disease, for 182 

example primary focal segmental glomerulosclerosis or collapsing glomerulopathy, and only 183 

after excluding an alternative monogenic or secondary cause. We documented such cases as 184 

“APOL1-associated nephropathy” rather than a Mendelian diagnosis, and in all other contexts 185 

recorded the genotype as a risk factor only. Cascade genetic testing was offered to all families 186 

with a positive result.  187 
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In cases with a positive diagnostic genetic result, two independent genetics professionals—a 188 

board-certified medical geneticist and a certified genetic counsellor—reviewed the initial clinical 189 

diagnosis in light of the genetic findings. Each case was then categorized into one of four groups: 190 

(1) confirm, where the genetic result aligned with the initial clinical impression; (2) diagnose, 191 

where a genetic cause was identified in patients without a known clinical diagnosis; (3) 192 

reclassify, where the genetic result led to a change in the presumed diagnosis; and (4) at risk, 193 

where the genetic finding indicated a predisposition to features not yet observed clinically.30 194 

VUS Stratification 195 

All reported variants of uncertain significance were subclassified into VUS-low, VUS-mid, or 196 

VUS-high tiers using the evidence-level framework proposed by Rehm et al., with each VUS 197 

scored accordingly to the points-based system proposed by Tavtigian et al.  31  198 

Total Points Classification 

≥10 Pathogenic 

6–9 
Likely 
pathogenic 

4-5 VUS-high 

2-3 VUS-mid 

0-1 VUS-low 

≤ -1 Likely benign 

≤ -7 Benign 

 199 

Statistical Analysis 200 
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Categorical variables were summarized as counts and percentages, and continuous variables as 201 

median with interquartile range. Diagnostic yield was defined as the proportion of probands with 202 

a pathogenic or likely pathogenic variant concordant with the clinical phenotype. Comparisons 203 

of diagnostic yield across referral categories, testing modalities, and demographic subgroups 204 

used Fisher’s exact test. All tests were two sided with P < 0.05 considered statistically 205 

significant. Analyses were performed in R version 4.4.0. 206 

Results 207 

Clinical Characteristics 208 

A total of 206 probands with suspected hereditary kidney disease were included in this 209 

retrospective review. Patients were primarily referred from nephrologists with a clinical 210 

suspicion of an underlying genetic cause for their kidney disease. The cohort consisted of 170 211 

adults (≥18 years) and 36 pediatric patients (<18 years). The median age at CKD diagnosis was 212 

30 years (IQR: 18-45). The study population was ethnically diverse, reflecting the multicultural 213 

composition of the urban Montreal catchment area (Table 1). CKD of unknown etiology (CKDu) 214 

was the most common clinical presentation (58, 28%), followed by cystic nephropathy (52, 25%) 215 

and glomerulopathy (45, 22%). A family history of kidney disease was reported in 70% of 216 

patients, and extrarenal manifestations were present in 67%. At the time of referral, most patients 217 

were in an early stage of CKD (29% with mild-moderate (CKD 1-2), 16% with moderate-severe 218 

(CKD 3), 26% with severe-end-stage (CKD 4-5), and 5% post-transplant.  219 

Diagnostic Yield of Genetic Testing 220 
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Across 206 probands, 71 received a positive diagnostic result (34.5%), 8 were carriers only 221 

(3.9%), and 3 had incidental actionable findings (1.5%), and 1 had a positive non-diagnostic 222 

finding, for a total of 83 probands with any positive finding (40.3%) spanning 35 disease genes 223 

(Figure 2). The most frequently identified genes included PKD1 (13 cases, 18.23%), COL4A4 (6 224 

cases, 8.8%), HNF1B (6 cases, 8.8%), and PKD2 (5 cases, 7.4%) (Table 2). The distribution of 225 

diagnostic genes varied according to the age at CKD diagnosis, with PKD1 and PKD2 226 

(autosomal dominant polycystic kidney disease) and heterozygous COL4A3, COL4A4, and 227 

COL4A5 variants (autosomal dominant and X-linked Alport spectrum) predominating among 228 

adult-onset cases (Figure 2F).  229 

The highest diagnostic yields were observed in cystic nephropathy (51.9%), tubulopathy (38.5%) 230 

and glomerulopathy (35.6%) (Table 3). Diagnostic yield was 42% in cases with pediatric CKD 231 

onset, 34% in younger adults (18-49 years), and 27.8% in older adults (≥49 years) at CKD onset; 232 

with no statistically significant difference in diagnostic yield across age groups (Fisher's exact 233 

test). A total of 97 VUS were identified in 81 probands (39%), most frequently in PKD1 (n=10). 234 

Clinical Outcomes of Genetic Testing 235 

Genetic testing played a pivotal role in resolving or reclassifying the clinical diagnosis in several 236 

cases. Among patients initially categorized as CKDu (n=58), genetic testing identified a 237 

definitive molecular diagnosis in 25.9% of cases,  most often within the glomerulopathy 238 

subgroup (Figure 3).  239 

Across the entire cohort, three unrelated individuals were found to have incidental but medical 240 

actionable genetic findings that redirected non-renal management. One  illustrative case involved 241 

an adolescent transplant candidate with end-stage kidney disease, peripheral neuropathy, and 242 
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ventricular trabeculations on echocardiography. Phenotype-guided exome-wide panel sequencing 243 

identified biallelic pathogenic variants in PKP2, establishing a predisposition to arrhythmogenic 244 

right ventricular cardiomyopathy (OMIM #609040), a hereditary cardiac disorder predisposing 245 

to ventricular arrhythmia and sudden cardiac death. Cardiology referral, implementation of 246 

exercise restriction, and cascade testing for at-risk relatives were initiated, and peri-transplant 247 

cardiac monitoring was incorporated into his care plan.  248 

Genetic results directly influenced clinical management in 65 of 71 molecularly diagnosed 249 

probands (91.5%) (Table 3). The most frequent interventions included treatment modification 250 

(16.9%), such as initiation or confirmation of renin–angiotensin system blockade in Alport 251 

syndrome, commencement of xanthine oxidoreductase inhibitors following confirmation of 252 

Adenine Phosphoribosyl Transferase Deficiency, and use of mitochondrial-targeted supplements 253 

following molecular diagnosis of mitochondrial disorder. Additional management changes 254 

involved evaluation of living-donor risk (14.1%), and revision of transplant planning, including 255 

adjustment of anesthesia protocols (5.6%). Cascade testing was initiated in 44 families (66.2%) 256 

and identified at-risk relatives in seven (9.9%). All solved cases received detailed prognostic and 257 

reproductive risk counselling. 258 

A representative clinical vignette highlights the broader impact on families. A male (early 30s) 259 

with persistent microhematuria underwent targeted sequencing of COL4A3, COL4A4, and 260 

COL4A5, which revealed a heterozygous likely pathogenic COL4A3 variant and confirmed 261 

autosomal-dominant Alport syndrome (historically referred to as thin basement membrane 262 

nephropathy). Post-test counselling prompted baseline audiology and retinal assessment and a 263 

plan for supportive management, with initiation of renin angiotensin system blockade if 264 

albuminuria develops, consistent with current clinical guidelines.32 Although the lifetime risk of 265 
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kidney failure for heterozygous COL4A3 or COL4A4 carriers is generally considered low, these 266 

individuals remain at increased risk of proteinuria, hypertension, and reduced kidney function, 267 

particularly when there is a positive family history of CKD. Accordingly, life-long renal 268 

surveillance and detailed family assessment were arranged. Carrier screening in the patient’s 269 

partner identified a different COL4A3 pathogenic variant, prompting her own annual monitoring 270 

for proteinuria  and a discussion of reproductive options, such as in vitro fertilization with pre-271 

implantation genetic testing. During a subsequent pregnancy, amniocentesis demonstrated that 272 

the fetus had inherited the paternal variant, thereby likely reducing the risk of autosomal-273 

recessive Alport syndrome and permitting routine obstetric management. This case underscores 274 

the role of  genomics in resolving diagnostic uncertainty and enabling precision management in 275 

nephrology.  276 

Variants of Uncertain Significance: A Significant Diagnostic Challenge 277 

Minority ancestry groups exhibited lower diagnostic yields and a higher mean burden of VUS 278 

per individual (Figure 4A–B), consistent with their underrepresentation in population databases 279 

and the reduced applicability of the PM2 allele-frequency criterion. Overall, 39% of probands 280 

carried at least one VUS. Post-test internal reclassification of the reported VUSs was performed 281 

using the 7-point system proposed by Tavtigian et al. and the VUS tiering framework (VUS-low, 282 

VUS-mid, VUS-high) (Figure 4C).28,31,33 Of these, 61 of 90 (67%) were categorized as VUS-mid 283 

or lower. Many of these variants showed limited genotype-phenotype concordance and are 284 

candidates for reclassification to Likely Benign as additional population or functional data 285 

emerge. Variants classified as VUS-high (n=21, 23.3%) demonstrated strong genotype-286 

phenotype concordance but lacked sufficient evidence to meet pathogenicity thresholds, 287 

necessitating segregation or functional studies for confirmation. Several variants had 288 
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accumulated enough supporting evidence to be reclassified as Likely Pathogenic or Pathogenic 289 

(n=8, 8.9%), underscoring the value of multidisciplinary variant review (Figure 4C). Notably, 290 

compound heterozygous SLC12A3 variants (c.1967C>T p.Pro656Leu; c.1837G>A p.Gly613Ser) 291 

in a patient with hypokalemia and a clinical suspicion of Gitelman syndrome, met criteria for 292 

likely pathogenic upon re-evaluation.  293 

Inclusion of low-yield genes increases VUS burden 294 

Large multi-gene panels generate VUS more frequently than exome or genome sequencing, and 295 

the VUS rate rises with panel breadth.28 To quantify this effect, we stratified kidney-disease 296 

genes by cumulative diagnostic yield, based an adult CKD meta-analysis, and examined ClinVar 297 

submission trajectories within each yield stratum.14,34 Figure 4D shows that high-yield genes 298 

accrued proportionally more pathogenic or likely pathogenic submissions relative to VUS, 299 

whereas lower-yield genes were associated with a steeper rise in VUS entries. This pattern 300 

indicates that inclusion of genes with limited evidence for disease causality contributes 301 

disproportionately to the overall VUS burden. 302 

Comparing the Clinical Validity of Genetic-Testing Strategies 303 

Observed diagnostic yield in our cohort 304 

Multi-gene panel testing represented the predominant diagnostic approach in our cohort. Patients 305 

without a strong suspicion of a specific disease etiology (e.g., CKDu) or those with negative 306 

results from targeted panels underwent either broad multi-gene panel testing encompassing all 307 

kidney disease genes or exome-based testing of clinically-indicated genes (Figure 5A). Among 308 

patients who underwent targeted disease panels as their first or only test (65/206), the diagnostic 309 

yield was 41.3%. Fourteen of these individuals underwent additional testing (e.g., broad testing), 310 

but only two additional diagnoses were obtained. In contrast, 54% (111/206) of individuals were 311 
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initially tested using broad (comprehensive) kidney-disease panel first, which achieved a 28.9% 312 

diagnostic yield.  313 

Discussion 314 

Genetic testing has emerged as an essential component of nephrology practice, yet the optimal 315 

implementation strategy and its real-world diagnostic and clinical impact remain incompletely 316 

defined. In this study, we evaluated the diagnostic and clinical impact of integrating a dedicated 317 

renal genetics service within a tertiary nephrology program, examining molecular yield, 318 

management outcomes, ancestry-linked disparities, and the comparative performance of different 319 

genetic-testing approaches. We observed a high molecular diagnostic rate of 34.5% with clear 320 

clinical utility. Among diagnosed probands, any management impact occurred in 91.5%, with 321 

treatment modifications in 16.9%, living-donor risk assessment in 14.1%, and peri-transplant 322 

adjustments in 5.6%. Cascade testing was initiated in 66.2% of families, extending benefits to 323 

relatives. Our single-centre experience also quantifies ancestry-linked disparities in diagnostic 324 

yield and VUS burden and compares testing strategies to guide implementation in diverse 325 

populations. We enriched referrals using multiple criteria, including early-onset CKD or kidney 326 

failure at ≤30 years, yet in adults our diagnostic yield did not vary by age at CKD onset. Clinical 327 

programs often use broader onset cutoffs such as <50 years, and recent meta-analytic data show 328 

substantial yield at ≥50 years and no independent association between younger age and yield, 329 

indicating that age alone should not restrict testing.14,35–37 330 

The primary value of genetic testing in nephrology is to provide diagnostic certainty and guide 331 

actionable clinical decisions. This was most evident in patients with CKD of unknown etiology 332 

(CKDu), who comprised 28% of our cohort and for whom a definitive molecular cause was 333 
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identified in 25.9% of cases, converting nonspecific labels to entities with defined prognostic and 334 

therapeutic pathways, consistent with other specialized programs.30 A genetic diagnosis informs 335 

treatment by confirming the need for therapies like renin-angiotensin system blockade in Alport 336 

syndrome or by preventing the use of unnecessary immunosuppression. In the context of 337 

transplantation, genetic results are critical for evaluating the eligibility of living-related donors 338 

and for tailoring peri-transplant care.10 339 

The spectrum of HNF1B-related disease in our cohort illustrates the benefit of comprehensive 340 

analysis for tubulointerstitial disease and cystic presentations, including frequent 17q12 deletions 341 

and diverse extra-renal features, which are often under-recognized in adult nephrology.38,39  Six 342 

individuals were diagnosed with HNF1B-associated disease, five harboring the recurrent 17q12 343 

microdeletion and one with a de novo frameshift variant (c.262_283dup p.Leu95Hisfs*29) 344 

presenting in infancy. Clinical phenotypes ranged from isolated magnesium-wasting tubulopathy 345 

to predominant cystic nephropathy, most accompanied by hypomagnesemia. Extrarenal 346 

manifestations were common and included pancreatic insufficiency, Müllerian duct anomalies, 347 

diabetes, strabismus, and calcium pyrophosphate deposition disease. Age at presentation spanned 348 

infancy to late adulthood, reflecting the substantial variable expressivity and frequent under-349 

recognition of this multisystem disorder in adult nephrology practice. 350 

High-risk APOL1 genotypes (G1/G1, G1/G2, G2/G2) increase kidney disease risk with 351 

incomplete penetrance under a recessive model and are recommended to be reported as risk 352 

alleles rather than deterministic pathogenic variants.40,41 In transplantation, donor APOL1 high-353 

risk genotypes are associated with shorter deceased-donor graft survival in adjusted analyses and 354 

small living-donor cohorts suggest greater post-donation eGFR decline and occasional kidney 355 

failure among high-risk donors.42 In line with KDIGO recommendations to offer APOL1 testing 356 
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with shared decision-making while acknowledging uncertain individual risk, we did not count 357 

APOL1 high-risk genotypes toward Mendelian diagnostic yield and instead report them 358 

separately to guide counseling and donor assessment.43  359 

Our study highlights the strengths of embedding renal genetic testing within a medical genetics 360 

service. In this shared-care pathway, nephrologists refer patients to a centralized genetics team, 361 

which has proven effective and scalable in mainstream nephrology settings.23,44 Such a model 362 

standardizes pre-test genetic counseling, effectively manages secondary findings, and maintains 363 

a formal reanalysis pathway for VUS; it also enables testing beyond the primary renal phenotype 364 

when warranted (e.g., syndromic features).45 This was illustrated by a case in our cohort where 365 

an incidental finding of pathogenic variants in PKP2 led to a new diagnosis of arrhythmogenic 366 

right ventricular cardiomyopathy, prompting life-saving changes to the patient's peri-transplant 367 

care plan. 368 

Variants of uncertain significance (VUS) are common and should not trigger management 369 

change. Overall, 39% of probands had at least one VUS, and 34% had a VUS-only result with no 370 

diagnostic variant reported. This rate is high relative to other renal genetic cohorts and is 371 

expected in a diverse clinic population that predominantly use broad multigene panels, which are 372 

associated with higher VUS rates and greater uncertainty in underrepresented ancestries.23,28,46 373 

Individuals of non-European ancestry had a lower diagnostic rate and a higher VUS burden, 374 

consistent with limited representation of diverse populations in reference databases.46 We applied 375 

a systematic post hoc re-evaluation of all VUS using the ACMG/AMP point-based framework 376 

and an a priori evidence-tiering schema.28,31,33 This structured reassessment revealed that while 377 

the majority of VUS (67.4%) had low-to-mid-level evidence and are candidates for future 378 

downgrading or omission from the clinical report, a significant minority (31.4%) were classified 379 
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as high-level evidence or met criteria for likely pathogenic, prioritizing them for targeted 380 

segregation or functional studies (Figure 4C). This approach yielded concrete upgrades in several 381 

cases, highlighting a critical message for nephrology practice: VUS require a formal, 382 

multidisciplinary re-evaluation pathway from genomics specialists to manage uncertainty 383 

responsibly, filter out variants of low clinical relevance, and focus resources on those with a high 384 

probability of being pathogenic. 385 

VUS disproportionately arise from genes with weaker clinical validity, while genes with strong 386 

validity more often contained pathogenic or likely pathogenic variants (Figure 4D). Furthermore, 387 

VUS categorized as VUS-mid or lower are enriched within these low-evidence genes that are 388 

included in comprehensive panels but are rarely or never reported as diagnostic (Figure 4C). 389 

Conversely, VUS classified into the VUS-high category, or with evidence for reclassification to 390 

likely pathogenic, are found in well-established disease-causing genes (e.g., PKHD1, SLC12A3, 391 

PKD1). This VUS burden can be prospectively mitigated by restricting panels to phenotype-392 

matched, clinically validated genes or by utilizing an exome backbone with virtual panels that 393 

enable same-sample expansion after a negative analysis. This strategy follows ACMG and 394 

ClinGen guidance to limit clinical action to pathogenic or likely pathogenic variants and to 395 

manage VUS with structured follow-up, not immediate clinical intervention.47–49  396 

Limitations 397 

This study represents a single-centre, referral-based renal genetics service comprising probands 398 

clinically referred for suspected monogenic kidney disease in an urban, multicultural setting. The 399 

referral-criteria enrichment increases the pretest probability of detecting a genetic diagnosis 400 

relative to unselected CKD populations and is therefore appropriate for assessing diagnostic 401 

yield and clinical utility within a genetics clinic context. The cohort does not reflect population-402 
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level prevalence or representativeness. Outcome ascertainment relies on retrospective chart 403 

abstraction. Analyses are descriptive and unadjusted and use available-case denominators. If 404 

missing data are not completely at random, the resulting estimates can be biased.  405 

Considerations for Implementing a Renal Genetics Clinic 406 

This Canadian single-centre experience in a diverse population highlights the clinical value of 407 

integrating a specialized genetics service into nephrology care. Our findings demonstrate that a 408 

referral process based on defined clinical criteria is effective for achieving a high diagnostic 409 

yield and supporting the personalized management of hereditary kidney disease. Implementing a 410 

renal genetics clinic with a multidisciplinary genomic team can improve diagnostic accuracy and 411 

inform management in more than 90% of cases.30 This collaborative process integrates 412 

nephrology, genetics, and pathology expertise, facilitates post hoc phenotyping and the strategic 413 

use of familial segregation studies to reclassify variants and guide clinical management.50 This 414 

can reduce the need for subsequent analyses and patient visits, and this approach ensures that the 415 

clinic team is qualified to handle interpreting and communicating ambiguous findings.  416 

Based on this, we make the following recommendations for implementing a multidisciplinary 417 

renal genetics practice:  418 

1. Build a synergistic shared nephrology-genetics pathway: Nephrologists triage and 419 

refer to a genetics clinic. The genetics team performs deep phenotyping and pretest 420 

counseling, selects and orders the test, and liaises with the laboratory. Results are 421 

interpreted in a joint review by a medical geneticist and a genetic counselor with 422 

nephrologist input, returned with a documented management plan, and routed to relevant 423 
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services. The genetics clinic coordinates cascade testing and transplant donor assessment 424 

when indicated. 425 

2. Criteria for considering genetic testing:  426 

a. CKD of unknown etiology after standard work-up. 427 

b. Positive family history of CKD, dialysis, kidney transplant, or a known hereditary 428 

renal disorder, or a pedigree consistent with Mendelian disease.25 429 

c. Early-onset CKD (≤ 50 years) or syndromic features including extra-renal 430 

manifestations or consanguinity.25 431 

d. Persistent hematuria or steroid-resistant proteinuria with suspected Alport 432 

spectrum; offer cascade testing of first-degree relatives when COL4A3, COL4A4, 433 

or COL4A5 variants are identified.32,51 434 

e. Cystic kidney disease with uncertain diagnosis by imaging.52 435 

f. Evaluation of at-risk living related donors.53 436 

3. Broad but deep first-tier testing strategy: Define first-tier testing using a curated renal 437 

gene set limited to disorders with moderate or strong ClinGen gene–disease validity to 438 

minimize false positives and VUS burden.54 Testing must provide complete coverage of 439 

all included genes and known pathogenic variant classes, supplemented by targeted 440 

assays for technically challenging loci when necessary. In resource-limited, publicly 441 

funded systems, an exome backbone with phenotype-driven virtual panels offers an 442 

optimal compromise, enabling same-sample expansion after negative results while 443 

controlling VUS reporting and costs.55 Gene panels provide lower upfront costs and 444 

established coverage of technically challenging disease-causing genes (e.g., PKD1, 445 

MUC1, CFHR1-5), whereas exome-first sequencing facilitates same-sample expansion, 446 
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trio analysis, and streamlined periodic reinterpretation, but may require augmented 447 

methods for duplicated regions and structural variants. 448 

4. Holistic genetic care, family management, variant interpretation and follow-up: 449 

Adopt a genetics-led, family-centered model that integrates pre-test counseling with 450 

documentation of preferences for secondary findings, standardized ACMG secondary-451 

findings management, and clear consent workflows.45 Centralize variant interpretation to 452 

apply ACMG/AMP rules, treat VUS as non-actionable, and align genetic testing 453 

strategies based on the clinical presentation. Implement scheduled reanalysis and 454 

recontact programs. Systematically offer cascade testing and defined referral pathways, 455 

informing donor selection and surveillance strategies in relative. This model reduces 456 

inappropriate management changes, increases diagnostic yield and allocation of health-457 

care resources, and converts a proportion of negative, or VUS results to diagnoses over 458 

time, improving safety and clinical utility.  459 
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Figures and Tables 460 

Table 1. Clinical and Demographic Characteristics of Probands 461 

Characteristic N 
Overall   
N = 206 

Adult (≥18 years)   
N = 170 

Pediatric (<18 
years)   
N = 36 

Sex 206    

F  97 (47%) 82 (48%) 15 (42%) 

M  109 (53%) 88 (52%) 21 (58%) 

Ethnicity 206    

Asian  26 (13%) 21 (12%) 5 (14%) 

Black/African descent  19 (9.2%) 19 (11%) 0 (0%) 

Hispanic/Latino  13 (6.3%) 11 (6.5%) 2 (5.6%) 

Indigenous  4 (1.9%) 3 (1.8%) 1 (2.8%) 

Not specified  2 (1.0%) 2 (1.2%) 0 (0%) 

Other  33 (16%) 23 (14%) 10 (28%) 

Unknown/Not reported  7 (3.4%) 4 (2.4%) 3 (8.3%) 

European  102 (50%) 87 (51%) 15 (42%) 

A priori clinical diagnosis 206    

CKD of Unknown Etiology  58 (28%) 49 (29%) 9 (25%) 

Congenital Nephropathy  10 (4.9%) 1 (0.6%) 9 (25%) 

Cystic Nephropathy  52 (25%) 45 (26%) 7 (19%) 

Glomerulopathy  45 (22%) 41 (24%) 4 (11%) 

Nephrolithiasis  8 (3.9%) 7 (4.1%) 1 (2.8%) 

Other  7 (3.4%) 7 (4.1%) 0 (0%) 

Tubulopathy  26 (13%) 20 (12%) 6 (17%) 

CKD stage at referral 206    

CKD 1-2 (Mild-Moderate)  59 (29%) 45 (26%) 14 (39%) 

CKD 3 (Moderate-Severe)  34 (17%) 32 (19%) 2 (5.6%) 

CKD 4-5 (Severe-ESKD)  53 (26%) 48 (28%) 5 (14%) 

Normal kidney function  6 (2.9%) 4 (2.4%) 2 (5.6%) 

Post-transplant  5 (2.4%) 5 (2.9%) 0 (0%) 
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Characteristic N 
Overall   
N = 206 

Adult (≥18 years)   
N = 170 

Pediatric (<18 
years)   
N = 36 

Unknown/Not available  49 (24%) 36 (21%) 13 (36%) 

Age at CKD diagnosis (years), 
median (Q1, Q3) 

178 30 (18, 45) 37 (25, 48) 5 (2, 11) 

Unknown  28 24 4 

ESKD present 197 48 (24%) 45 (28%) 3 (8.8%) 

Family history of kidney 
disease 

206    

No  60 (29%) 45 (26%) 15 (42%) 

Yes  145 (70%) 125 (74%) 20 (56%) 

    CKD 206 103 (50%) 91 (54%) 12 (33%) 

    CAKUT 206 10 (4.9%) 7 (4.1%) 3 (8.3%) 

    Renal Cysts 206 36 (17%) 33 (19%) 3 (8.3%) 

    Stones 206 31 (15%) 28 (16%) 3 (8.3%) 

    Gout 206 11 (5.3%) 11 (6.5%) 0 (0%) 

    Other 206 22 (11%) 17 (10%) 5 (14%) 

Extra-renal manifestations 206 137 (67%) 116 (68%) 21 (58%) 

Consanguinity 192 11 (5.7%) 6 (3.7%) 5 (17%) 

Unknown  14 8 6 

Genetic testing outcome 206    

Carrier  8 (3.9%) 8 (4.7%) 0 (0%) 

Incidental  3 (1.5%) 3 (1.8%) 0 (0%) 

Negative  53 (26%) 44 (26%) 9 (25%) 

Positive diagnostic  71 (34%) 58 (34%) 13 (36%) 

Positive nondiagnostic  1 (0.5%) 1 (0.6%) 0 (0%) 

VUS  70 (34%) 56 (33%) 14 (39%) 

 

CKD stages are defined per KDIGO 2024. ESKD indicates kidney failure requiring dialysis or after kidney 462 

transplant. CKDu indicates CKD of unknown etiology. CAKUT indicates congenital anomalies of the kidney and 463 

urinary tract. Abbreviations: CKD, chronic kidney disease; ESKD, end-stage kidney disease; eGFR, estimated 464 
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glomerular filtration rate; IQR, interquartile range; CAKUT, congenital anomalies of the kidney and urinary tract; 465 

CKDu, CKD of unknown etiology. 466 

Table 2. Summary of Diagnostic Genes  467 

Kidney disease category Gene 
N (patients) / 
% of 
diagnoses 

A priori diagnosis (most 
common) 

Post-testing genetic 
diagnosis (most common) 

Ciliopathy     

 MKKS 1 (1.4%) CKD of unknown etiology Bardet-Biedl syndrome 

 NPHP1 1 (1.4%) CKD of unknown etiology Nephronophthisis 

 NPHP4 1 (1.4%) CKD of unknown etiology Nephronophthisis 

Complement Disorder     

 CFI 1 (1.4%) Glomerulopathy Susceptibility to aHUS 

Congenital Nephropathy     

 
22q11.2 
deletion 

1 (1.4%) Congenital Nephropathy 22q11.2 deletion syndrome 

Cystic Nephropathy     

 PKD1 13 (18.3%) Cystic Nephropathy ADPKD 

 PKD2 5 (7%) Cystic Nephropathy ADPKD 

 PKHD1 2 (2.8%) Cystic Nephropathy ARPKD 

 DNAJB11 1 (1.4%) Cystic Nephropathy ADPKD 

 GANAB 1 (1.4%) Cystic Nephropathy ADPKD 

 IFT140 1 (1.4%) Cystic Nephropathy ADPKD 

Glomerulopathy     

 COL4A4 6 (8.5%) Glomerulopathy AD Alport 

 COL4A5 5 (7%) Glomerulopathy XL Alport 

 COL4A3 4 (5.6%) Glomerulopathy AD Alport 

 APOL1* 2 (2.8%) CKD of unknown etiology APOL1-nephropathy 

 COL4A1 1 (1.4%) Glomerulopathy HANAC 

 INF2 1 (1.4%) CKD of unknown etiology INF2-FSGS 

 LMX1B 1 (1.4%) CKD of unknown etiology NPS / LAN 

Inborn errors of 
metabolism 
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Kidney disease category Gene 
N (patients) / 
% of 
diagnoses 

A priori diagnosis (most 
common) 

Post-testing genetic 
diagnosis (most common) 

 TMEM126B 1 (1.4%) CKD of unknown etiology 
Mitochondrial complex I 
deficiency 

 TMEM165 1 (1.4%) CKD of unknown etiology 
congenital disorder of 
glycosylation 

Nephrolithiasis     

 APRT 1 (1.4%) Cystic Nephropathy APRT deficiency 

 SLC3A1 1 (1.4%) Nephrolithiasis Cystinuria 

 AGXT* 1 (1.4%) CKD of unknown etiology Hyperoxaluria 

Renal amyloidosis     

 APOC2 1 (1.4%) Renal amyloidosis APOC2-amyloidosis 

Tubulointerstitial Kidney 
Disease 

    

 HNF1B 6 (8.5%) Cystic Nephropathy 17q12 deletion syndrome 

 UMOD 1 (1.4%) CKD of unknown etiology UMOD-ADTKD 

Tubulopathy     

 CLCN5 3 (4.2%) CKD of unknown etiology Dent Disease 

 SLC12A3 2 (2.8%) Tubulopathy Gitelman 

 CLCNKB 1 (1.4%) Tubulopathy Bartter 

 CLDN10 1 (1.4%) Tubulopathy Helix Syndrome 

 KCNJ1 1 (1.4%) Tubulopathy Bartter 

 OCRL 1 (1.4%) CKD of unknown etiology Dent Disease 

 SLC5A2 1 (1.4%) Tubulopathy Renal Glucosuria 

Counts and percentages are among probands with a diagnostic result. “A priori diagnosis” refers to the pre-test 468 

clinical category; “Post-testing genetic diagnosis” reflects the final category based on molecular findings. Genes 469 

marked with * contain risk alleles rather than deterministic pathogenic variants. Asterisk (*) denotes genes with 470 

risk alleles accounting for the diagnosis. Abbreviations: AD, autosomal dominant; AR, autosomal recessive; XL, 471 

X-linked; ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic 472 

kidney disease; aHUS, atypical hemolyt ic uremic syndrome; HANAC, hereditary angiopathy with nephropathy, 473 

aneurysms, and muscle cramps; NPS, nail-patella syndrome; LAN, LMX1B-associated nephropathy. 474 

 475 
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Table 3. Clinical Outcomes of a Diagnosis 476 

Clinical diagnosis N 
Diagnosis 

impacting clinical 
care 

Change in 
management 

Changed 
treatment 

plan 

Informs 
risk for 

biological 
donation 

Change in 
kidney 

transplant 
management 

Cascade 
testing in 

family 

Early 
diagnosis for 

family 
member 

Provides 
prognostic 

clarity 

Cystic 
Nephropathy 

25 25 (92.6%) 4 (14.8%) 2 (7.4%) 5 (18.5%) 2 (7.4%) 22 (81.5%) 1 (3.7%) 27 (100%) 

CKDu 15 14 (87.5%) 5 (31.2%) 2 (12.5%) 1 (6.2%) 0 (0%) 9 (56.2%) 3 (18.8%) 16 (100%) 

Glomerulopathy 15 13 (86.7%) 5 (33.3%) 4 (26.7%) 4 (26.7%) 2 (13.3%) 9 (60%) 1 (6.7%) 13 (86.7%) 

Tubulopathy 10 10 (100%) 2 (20%) 3 (30%) 0 (0%) 0 (0%) 4 (40%) 2 (20%) 10 (100%) 

Congenital 
Nephropathy 

1 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1 (100%) 

Nephrolithiasis 1 1 (100%) 1 (100%) 1 (100%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1 (100%) 

Renal 
amyloidosis 

1 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1 (100%) 

TOTAL 68 65 (91.5%) 17 (23.9%) 12 (16.9%) 10 (14.1%) 4 (5.6%) 47 (66.2%) 7 (9.9%) 69 (97.2%) 

Summary of clinical outcomes for patients with positive diagnostic genetic results, stratified by clinical diagnosis 477 

category. “Change in management" represents any clinical action resulting from the genetic diagnosis, while 478 

"Changed treatment plan" refers to init iation or modification of therapeutic interventions (subset of management 479 

changes). Additional management changes include transplant planning adjustments. Numbers and percentages 480 

shown for each outcome category. Abbreviations: CKDu, CKD of unknown etiology. 481 

 482 

 483 

 484 

 485 

 486 

  487 
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488 

Figure 1. Renal genetics clinic workflow. The diagram shows referral and triage, medical genetics assessment and consent, 489 

phenotype-guided test selection, and sample collection with funding approval, followed by result-driven follow-up. Outcome 490 

pathways are depicted for positive, negative, variant of uncertain significance, and secondary findings, with corresponding 491 

actions including management updates, cascade testing, segregation studies, planned reinterpretation or reanalysis at 2 to 3 492 

years, and research referral. 493 

 494 
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Figure 2. Diagnostic yield of genetic testing in patients with suspected hereditary kidney diseases. A. Pie chart showing 496 

overall diagnostic yield. Stacked bar chart below provides detailed subcategorization of results showing specific clinical 497 

outcomes including confirmed diagnoses, established diagnoses, reclassified diagnoses, partial diagnoses, identified 498 

carriers/at-risk/incidental findings, variants of uncertain significance (VUS), and cases with no variant reported. Numbers and 499 

percentages are shown for each category. B. Sunburst plot representing the diagnostic genes by proportion within each major  500 

disease category. Genes in bold are found in multiple disease categories. C-D. Diagnostic yield by a priori clinical diagnosis 501 

in adult patients (left) and pediatric patients (right). Stacked bar chart shows the proportion of positive (light blue) versus 502 

negative (light red) genetic testing results for each pre-test clinical diagnosis category in each cohort. E. Bar chart showing 503 

diagnostic yield by age at CKD diagnosis, with pediatric onset (<18 years) showing highest yield (41.7%). F. Stacked bar  504 

chart showing diagnostic genes categorized by disease category for each age-group. Error bars represent 95% confidence 505 

intervals. Numbers above bars indicate sample size and diagnostic yield percentage. Data shown for probands with CKD stage 506 

data available. Diagnostic yield was high overall and enriched in cystic, tubulopathy, and glomerulopathy referrals, with 507 

pediatric-onset cases showing the highest yield and adult diagnoses dominated by ADPKD and COL4A-related Alport 508 

spectrum, reflecting referral enrichment and disease architecture.  509 
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510 
Figure 3. Diagnostic Reclassification: Pre-test (A Priori) vs Post-test (Post hoc) Diagnosis. Alluvial plot 511 

illustrating diagnostic reclassification flow from a priori clinical diagnosis (left) to final kidney disease category 512 

classification (right) for patients with positive diagnostic genetic testing results. Each flow stream represents 513 

patients, with stream thickness proportional to the number of cases. Colors correspond to the original a priori 514 

clinical diagnosis. On the right, the diagnostic genes associated with each clinical category are shown with the 515 

number of likely pathogenic/pathogenic variants represented in parentheses. Genetic testing frequently converted 516 

nonspecific labels, especially CKD of unknown etiology, into specific molecular entities,  thereby resolving 517 

diagnostic uncertainty and aligning care with gene-defined pathways. 518 
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 519 

 520 

Figure 4. VUS and Diagnostic Analysis. A. Bar chart showing diagnostic yield by ancestry. Dark blue bars 521 

represent individuals with a molecular diagnosis (Partial Diagnosis, Confirmed Diagnosis, Reclassified 522 

Diagnosis, Candidate diagnosis, at-risk, Diagnosis) and dark red bars represent no diagnosis. Percentages and 523 

counts are displayed for each ancestry group, with a legend indicating outcomes. B. Bar chart depicting the mean 524 

number of variants of uncertain significance (VUS) per individual by ancestry group. C. Internal post hoc VUS 525 
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reassessment applying ACMG/AMP with point-based scoring and evidence-level VUS subclassification in clinical 526 

context. D. ClinVar analysis of submitted Pathogenic/Likely pathogenic variants, Variants of uncertain 527 

significance, or Variants with Conflict ing reports over time. Facets represent different categories of diagnostic 528 

renal disease genes reported by the meta-analysis from Schott et al.14, grouped by their cumulative diagnostic 529 

contribution to diagnosed patients. Individuals from underrepresented ancestries had lower diagnostic yield and 530 

higher VUS burden, and most reported VUS were mid or lower confidence on internal review, while high-531 

confidence VUS clustered in well-established renal genes, underscoring the need for structured re-evaluation and 532 

ancestry-inclusive data generation. 533 

 534 

Figure 5. Diagnostic Pathways of Genetic Testing Strategies in Kidney Disease. A. Observed diagnostic 535 

pathways among probands, showing the sequence of testing and diagnostic outcomes for clinically ordered tests. 536 

Inset: Reflex strategies for probands receiving more than one genetic test. Arrow heads represent where a 537 

subsequent test was performed due to a negative result. Only pathways with ≥ 2 patients are displayed.  538 
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