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OUTLINE

• Foundational events making genomic tests accessible and useful

•Genomics of kidney diseases and utility of genomic testing

• Leveraging genomics testing for therapeutics

• Challenges with integrating genomic testing in clinical workflow



3 billions base pairs (ATGC)
99.6% inter-individual identity (yet 4 millions differences)

Nucleic Acids Res 47: D1038–D1043, 2019

Mapping of Human Genome

Genes [20,000-25000; 8000 mapped to Mendelian diseases] 
Sequences  < 5 % - Exons  - 1.5 % [Coding] Introns – 3.5 % [Non-coding]

95 % disease causing variants identified in exonic regions



Costed around 70,000 USD for exome sequencing



Types of genetic (genomic) testing methods

Karyotyping

FISH

Microarray
(CGH)

Sequencing

❑ Multiplex ligation 
dependent probe 
amplification (MLPA)

Sanger 
Sequencing

Massively Parallel Sequencing (Formerly 
called Next Generation Sequencing)

CChromosomal
anomalies

Copy Number 
Variants

Single nucleotide 
variants/Smal

InDels

❑ Exome Sequencing

Targeted Panel

Clinical exome (CES)

Whole exome analysis (WES)

❑ Whole genome analysis (WGS)

Nanopore technology, in situ 
nucleic acid sequencing, and 
microscopy-based sequencing



Choosing a genomic  testing method

https://biologynotesonline.com/

Coverage

Accuracy

Time (TAT)

Cost

Utility

All exons of selected genes (10-500)
Exons of all genes in OMIM (~8000)
Exons of all genes known (~25000) All genes and noncoding DNA

High Good Low to Good

Quick (2-4 weeks) Long (2-6 weeks) Longest

Most cost effective Cost effective Most expensive

Disease phenotype/clinical 
diagnosis certain

Phenotype overlap/heterogeneity; 
Unknown clinical diagnosis; CNVs

Phenotype suggestive of genetic cause 
and exome sequencing is negative



General workflow of clinical genomic sequencing tests

https://mindthegraph.com/

Genomic Testing Workflow 



Classification of Identified Variants

Genet. Med. 17, 405–24 (2015)



Expert Panels - ClinGen | Clinical Genome Resource

Bayesian Points Classification 
for variant classification

https://clinicalgenome.org/affiliation/


Interpretation of Genomic Test Report

Variant level assessment and interpretation Case level interpretation

Case level interpretation incorporates both pathogenicity of variants and how well the variant 
matches the phenotype

Variants identified must be evaluated for causation



American Journal of Kidney Diseases, 2018; 72 : 761-763



Monogenic Kidney Diseases

• 625 Mendelian disorders associated with kidney and urological traits

Over 70% of CKD cases under 
the age of 25 years can be 
attributed to a genetic 
etiology

> 500 genes associated with 
kidney diseases

Kidney Int  2020; 98, 590–600                    
Kidney Int. 2016; 89: 468–475



Patient characteristics that increase the 
diagnostic yield of genetic testing

Am J Kidney Dis. 2024; 84(5):632-645



Varying yield using molecular genetic 
analysis and genetic heterogeneity 

Nephrol Dial Transplant (2020) 35: 390–397

Tubular 
Diseases 

Cystic Diseases

CAKUT 

Glomerular 

Ciliopathies

Nephrolithiasis
❖ Genotypic heterogeneity

❖ Phenocopy

❖ Pleiotropy 

25 - 80 %

30 -90 %

20 - 80 %

5 - 22 %

10 - 60 %



Nephrotic 
Syndrome

Proteinuria
Chronic 
Kidney
Disease

CKD is characterized by significant phenotypic heterogeneity and  
expanded phenotype

Podocytopathies

Nephrol Dial Transplant (2020) 35: 390–397
Am J Kidney Dis.2021 ;78(6):857-864

Cystic phenotype nephrotic with FSGS lesions Familial IgAN



Distal Renal Tubular 
Acidosis (dRTA)

Proximal Renal Tubular 
Acidosis (pRTA)

Dents 
Diseases

Bartter 
syndrome

Nephrogenic 
Diabetes 
Insipidus 
(NDI)

Hypophosphatemic
Rickets

Vitamin D 
Dependent Rickets

Primary 
Hyperoxaluria

Hypomagnesemia

Other stone forming 
Disorders/nephrocalcinosis

Other tubular 
disorders

Unknown 
tubular 

disorders

32.6%

59.1%

40.9%

7.4%

4.4%

4.4%

6.6%

17%

34.7%

2.9%

8.8%

65.2%

8.5%

Genetic testing in Children with tubular disorders:  
(n = 135/225)



BMC Nephrology (2022) 23:1
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Likely Pathogenic/Pathogenic

0

Variant of unknown significance

39 (60%)

25.6% (10/39)- Potential 
damaging 

Likely Benign

26 (41.3%)



Integrating genomic assessment into
clinical workflows



Expanding role of genetic testing as part of clinical management 
of patients with kidney diseases

Seminars in Nephrology, Vol 45, No 4, July 2025, 151660



Role of Genomic Testing in Diagnosis and Management 
of kidney Disease

From Womb to Tomb

From optional to essential

Use at the beginning of a diagnostic workup

rather than the end



Treatment of Monogenic Diseases

Supportive therapy

Biological molecules

New drugs

Drug repurposing

Gene modifications –
knockout/gene therapy



Classes of Genetic Kidney Disease and Existing Therapies

Seminars in Nephrology, Vol 00, No 00, 2025, 151650



Modes of Genetic Therapy

Annu. Rev. Pathol.Mech. Dis. 2021. 16:145–66



Gene therapy

First in vivo gene editing therapy for a baby with an 

inherited metabolic disease (IMD)

N Engl J Med 2025;392:2235-43; Inherit Metab Dis. 2025 Jul;48(4):e70056

N-of-1 Trials



Targeted gene therapy for genetic kidney diseases

Kidney International (2024) 106, 1051–1061



Limitations and Challenges 

Technical  
Challenges

Practical 
challenges

Medical, Social and ethical 
challenges
Cost of testing
LACK of Therapy

Gene_Disease relatioships
Prioritization and 
interpretation of variants
Incidental/Secondary findings



Variants of Unknown Significance

VUS



Model of care for implementation of genetic testing

Creation of Genomics BoardMultidisciplinary genetic clinic or 
Nephrogenetic clinic



Challenges – “Genetic literacy among clinicians”

• Breadth of knowledge and skill sets in clinical genomics is vast

• Kidney medicine brings its own complex layers

• Physician knowledge gaps surrounding genetics [“Genetic literacy”]

• Lack of curriculum/specialized training  oppurtunities



Genetic Nephrology: An Arising Subspecialty in
Kidney Medicine

Seminars in Nephrology, Vol 45, No 4, July 2025, 151652



Summary

Enhanced Diagnosis
Genomic testing improves accuracy in 
diagnosing kidney diseases for better patient 
care.

Individualize management
Genomic insights enable tailored therapies 
specific to individual kidney disease profiles.

Innovative Therapeutic Advances
Ongoing genomic research is paving the way 
for novel kidney disease treatments.




