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A Typical Kidney Biopsy Report Most nephrologists are 
comfortable interpreting this



A Typical Genetic Report
Most nephrologists are NOT 
comfortable interpreting this

How did you earn your confidence in 
interpreting biopsy reports?

Genetic reports will become as 
common as biopsy reports



• Basic 101: What nephrologists should know

• Understanding the limitations and caveats

Outline: Interpreting genetic reports



1) Tests: 
Light microscopy
Immunofluorescence
Electron microscopy 

2) Clinical history

3) Sample amount:
Number of glomeruli
Cortex, corticomedullary, medulla

Assessing the adequacy of the biopsy



Is the suspected gene included?
Which genes did not achieve 
adequate coverage 10-30x?

Assessing the adequacy of the genetic analysis

3) Exome/ Genome: Clinical 
history submitted to laboratory
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Variant interpretation: 
What nephrologists need to know



>5 million variants per person

Patient’s genetic sequence

6 billion nucleotides

2 disease-causing variants (high impact)

Carrier for at least 2 variants in AR diseases

. 

Xue. Am J Hum Gen 2012:1022.
Fridman H. Am J Hum Gen 2021:608

GRCh37 = hg19

GRCh38 = hg38 
(newer and more accurate)

Telomere-to-telomere 

(T2T-CHM13)

Reference sequence

How?



Genetic variants: 5 categories

Benign 

Likely benign 

Variant of 

unknown 

significance (VUS)

Likely pathogenic

Pathogenic

<1%

1-10%

10-90%

90-99%

>99%

Probability of 
causing disease

No clinical impact

American College of Medical Genetics and Genomics (ACMG) 

Association for Molecular Pathology (AMP)

Class 1

Class 2

Class 3

Class 4

Class 5



Genet Med. 2015;17:405

Genetic variant X

PVS1 PS1 PS2 PS3 PS4

PM1 PM3 PM4 PM5 PM6PM2

PP1 PP2 PP3 PP4 PP5

BA1

BS1 BS2 BS3 BS4

BP1 BP3 BP4 BP5 BP6BP2 BP7

Criteria to assign pathogenicity

Is this variant pathogenic?

(Very) Strong

Moderate

Supporting

Benign 

Likely benign 

Variant of 

unknown 

significance

Likely 

pathogenic

Pathogenic
Benign
2 Strong 

PATHOGENIC
1 very strong + 1 mod+ 1 supporting
1 strong + 1 mod+ 4 supp

LIKELY PATHOGENIC
1 very strong + 1 mod
1 mod + 4 supp

ACMG 2015 guidelines



Genetic variant X

PVS1 PS1 PS2 PS3 PS4

PM1 PM3 PM4 PM5 PM6PM2

PP1 PP2 PP3 PP4 PP5

BA1

BS1 BS2 BS3 BS4

BP1 BP3 BP4 BP5 BP6BP2 BP7

Criteria to assign pathogenicity

Is this variant pathogenic?

(Very) Strong

Moderate

Supporting

Strength PathogenicBenign
Indeterminate 0 0
Supporting 1 -1
Moderate 2 -2
Strong 4 -4
Very strong 8 -8

Liu, J Med Gen. 2025

Bayesiam framework 

of scoring variants

Genet Med. 2015;17:405

Benign 

Likely benign 

Variant of 

unknown 

significance

Likely 

pathogenic

Pathogenic

>=10

6-9

<= -7

-1 to -6 0-5



Is the variant causing the disease?

PVS1 PS1 PS2 PS3 PS4

PM1 PM3 PM4 PM5 PM6PM2

PP1 PP2 PP3 PP4 PP5

BA1

BS1 BS2 BS3 BS4

BP1 BP3 BP4 BP5 BP6BP2 BP7

Functional studies

Population frequency

In silico tools

Hot spot for mutations

Previous reported cases

Nearby variants

Nature of variant

Laboratory

Gene-phenotype

Mode of inheritance
Family 

segregation

De novo

Phenotype 
specificity

Functional studies

Clinician

Likely pathogenic

Genomic 
board meetingReport: 

VUS



Is the variant causing the disease?

Gene-phenotype

Functional studies

Mode of inheritance

Population frequency

In silico tools

Hot spot for mutations

Previous reported cases

Nearby variants

Family 
segregation

De novo

Phenotype 
specificity

Nature of variant

PVS1 PS1 PS2 PS3 PS4

PM1 PM3 PM4 PM5 PM6PM2

PP1 PP2 PP3 PP4 PP5

BA1

BS1 BS2 BS3 BS4

BP1 BP3 BP4 BP5 BP6BP2 BP7

Laboratory

Functional studies

Clinician

??

???



Do these variants 
explaining the disease of 
the patient?

• 15 years old, Chinese boy
• Persistent isolated haematuria with no albuminuria
• Mother has microscopic haematuria

Is the mode of inheritance 
and zygosity consistent?

Is FAT1 consistent with the 
phenotype?

No No



Do these variants 
explaining the disease of 
the patient?

• 15 years old, Chinese boy
• Persistent isolated haematuria with no albuminuria
• Mother has microscopic haematuria

Is the mode of inheritance 
and zygosity consistent?

Is COL4A4 consistent with the 
phenotype?

Can this COL4A4 variant of uncertain 
significance be upgraded?

Yes
Yes

Maybe



Is the variant causing the disease?

Gene-phenotype

Functional studies

Mode of inheritance

Population frequency

In silico tools

Hot spot for mutations

Previous reported cases

Nearby variants

Family 
segregation

De novo

Phenotype 
specificity

Nature of variant

PVS1 PS1 PS2 PS3 PS4

PM1 PM3 PM4 PM5 PM6PM2

PP1 PP2 PP3 PP4 PP5

BA1

BS1 BS2 BS3 BS4

BP1 BP3 BP4 BP5 BP6BP2 BP7

Laboratory

Functional studies

Clinician

VUS

???



AsiaAsian genomes represent

6.6% of Genome Aggregation Database 
(gnomAD): Lack of population-specific 
allele frequency data

3% of genomic research studies: Lack of 
functional or clinical evidence for many 
variants 

High burden of Variants of Uncertain Significance 
in Asia

Chen JAMA Network Open. 2023:e2339571
Bianco Molecular Genetics and Genomics : MGG. 2025:86



Sustainable, cost-effective, evidence-based, locally-contextualised

Genetic testing in nephrology clinics

Commercial Sequencing
Local Startups

Artificial intelligence
High-throughput variant curation

Lab geneticists,, 
bioinformaticians

Solving undiagnosed and VUSes

Advanced genetic 
techniques

Functional work

Scientists

TECHNICAL 
CAPABILITIES

GENETIC 
LITERACY

Singaporeans
Videos, 

chatbots, 
posters, 
websites

Nephrologists

Residency curriculum
CME talks

Genetic 
nephrologists

Genetic counselling 
training and 

accreditation

PROCESSES

Clinical guidelines

Indications, 
Diagnostic and 

management strategies

Cost-effectiveness analysis

Health economists Qualitative researchers
Perspectives and 

attitudes of stakeholders

Clinical Logistics

Financing
Insurance

Referral process

Statisticians
Database analysts

Government databases (TRUST)
Phenotype databases

Disease databasesSG100K data

Clinical geneticists
GENOMIC BOARD MEETING

Renal Alliance for PrecIsion 

Diagnosis in Singapore

Lim. Am J Nephrol 2025: 158



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Diagnosed

14%

What have we found in RAPIDS? n = 200 index patients
Alport

VUS, 39%

Negative
33.5%

Carrier

3%

Lim. Am J Nephrol 2025: 158

Highly 
suspicious 

VUS



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Diagnosed
Diagnosed 
with VUS 
resolution

22%

Highly 
suspicious 
VUS, 2.5%

VUS, 39%

Negative
33.5%

Carrier

3%

What have we found in RAPIDS? n = 200 index patients
Alport

Lim. Am J Nephrol 2025: 158



COL4A5 
c.1032+4A>G

ControlAffected

Immunostaining of collagen 4

COL4A5 
c.1032+3_1032+6delAAGT

Functional studies to resolve variants of uncertain significance

Confidential, unpublished

X-linked Alport syndrome



Zhang Yaochun Tina Lim

Mini-Gene assay

Wild type

Koh. Front Med 2025:1611334

Variant 1

Variant 2

Exon 18 is missing
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Split-luciferase assay

Zhang Yaochun Tina Lim

Unpublished, confidential, do not circulate

s

(Likely) benign
(Likely) pathogenic
Variant of uncertain significance

COL4A4, c.2447G>A p.G816E

GnomAD: 0.0334% in East Asians 
SG10K All: MAF 0.0736%
SG10K Chinese: MAF 0.1221%  



• Basic 101: What nephrologists should know

• Understanding the limitations and caveats

Outline: Interpreting genetic reports



31 year old Chinese lady
• Incidental CKD Stage G3A1 at age 29

• Ultrasound: Increased bilateral kidney echogenicity

• Bland urine sediments

• No apparent cause

Confidential, unpublished, do not circulate

1 2 3 4

1

1

2

2

3
3 4 5 6 7 9 10 1

1

4 5 6 7 9

8

83

4

Kidney failure

Renal cell carcinoma

KF@40sKF@40sKF@40s

KF@30sKF@30s

CKD Stage 4

Died of 

pancreatic 

cancer

Exome: no pathogenic variants

Biopsy: Tubulointerstitial nephritis



MUC1 (Mucin-1) gene testing

Specific Cytosine duplication

Diagnosed:
Mucin-1 related autosomal dominant 
tubulointerstitial kidney disease (ADTKD)

Confidential, unpublished, do not circulate



3 year old Chinese girl

• Known tuberous sclerosis (classic skin features)

• Renal cysts since 1.5 years old

• CKD G1A1

• No family history

Ultrasound MRI

R Kidney 11cm

Largest cyst 

3.2cm

L Kidney 11.8cm

Largest cyst 

4.6cm

Cystic gene panel

TSC2 gene (autosomal dominant):

Pathogenic mutation 5’UTR_3’UTRdel

Confidential, unpublished, do not circulate



Long read sequencing

Confidential, unpublished, do not circulate

Exome short read sequencing: 
looking suspicious



chr16:g.2037884_2113847delins2190369_2190550

Complete deletion: TSC2, NTHL1, TRAF7

Partial deletion: PKD1, NHERF2

Partial duplication: CASKIN1

Long read sequencing

Homologous 

recombination

Confidential, unpublished, do not circulate

Diagnosed:
TSC2-PKD1 contiguous tuberous sclerosis-
polycystic kidney disease syndrome
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Which type of genetic tests should be 

ordered in patients with kidney diseases? 



CLEAR

Panels

~50-150 genes

International Society of Nephrology 32

UNCLEAR 
OR CKDX

Exome or Genome

~22,000 genes

?

Kidney panel

~400-500 genes

PHENOTYPE

Giovanella. Clinical Genetics. 2025

Same diagnostic 
yield as exome
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Negative 
genetic test

No genetic 
disease

Variant problem
Variant of uncertain significance
Non-coding variants (e.g. splice)

Structural variant (e.g. large deletion / duplication)
Gene not in the panel or not yet associated with diseases



Introns

Panel/

Exome 

(WES)

Del/Dup

CNV

Genome

(WGS)
Genome 

(WGS)

Short read sequencing Long read 
seq

Image source: https://www.genome.gov/



Depth
(coverage of 
each gene)

Panel

Number of genes covered

Good for notorious genes
PKD1; HNFB1; MUC1

Ambiguous 
phenotype

Less

More

Genome

Exome

More

Incidental 
findings



Real gene, exons 1-46

6 pseudogenes exons 1-33
98% homology as the real gene

Is it in the real gene or the pseudogenes?

Gall. Polycystic Kidney Disease. Ed Cowley BJ, Bissler JJ, Chapter 1, p.4

PKD1 gene

Whole exome sequencing: usually bad PKD1 coverage



TAKE HOME MESSAGES
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1. Check the adequacy of a genetic report

• Type of test, gene list, gene coverage

2. Check consistency in gene-phenotype and mode of 
inheritance



TAKE HOME MESSAGES
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3. Resolution of variants of uncertain significance requires multi-
disciplinary efforts and is iterative

4. Limitations of genetic tests:

• Genes: Missing, challenging gene regions (pseudogenes, 
multiple repeats)

• Variants: Non-coding, large deletions / duplications



Our DRAGoN team Advisors
Professor Franz Schaefer 
Professor Yap Hui Kim 
A/Prof Beata Lipska

Scientists
Dr Sonia Davila
Dr Khor Chiea Chuen
Dr Bruno Reversade
Dr Lisa Guay Woodford

Pathologists
Dr Alwin Hwai-Liang Loh
A/Prof Tan Puay Hoon
Dr Ahmed Syed Salahuddin 

Biostatistician
Rajesh Babu Moorakonda 

Database managers /support
Ms Ng Jun Li 
Ms Liang Ai Wei
Dr U Mya Than 
Mdm Wee May Lin Vivien

Investigators
A/ Prof Syed Saimul Huque

Dr Niaz Md Sharif
Dr Ekambaram Sudha
Dr  Kiran P Sathe
Dr Mahantesh V. Patil
Dr Preeti Inamder
Dr Suprita Kalra
Dr. Vaishali B. More
Dr Yap Yok Chin
Dr Tengku Hasnita Tengku 
Hussain
Dr Tham Jia Yi
Dr Yap Suet Li
Dr Mirunalini Appadurai
Dr Wan Jazilah Wan Ismail
Dr Susan Pee
Dr  Ng Wen Ying 
Dr Selva Kumar Sivapunniam
Dr Lee Ming Lee
Dr Le Xin Yi (Cindy)
Dr Caroline Eng
Dr Lynster Liaw Chiew Tung
Dr Sangeet Kaur Sidhu
Dr Lai Chee Sing  
Dr Kong Wei Yen 
Dr. S. Ravih Subramaniam
Dr Karmila Abu Bakar

Dr Cho Cho San
Dr Khin Le Le Shein
Dr Chaw Su Khine
Dr Kyaw Thu Ya
Dr Khin Moh Moh
Dr Khin Myat Lwin Nyein
Dr Jimmy Teo
Dr Ng Yong Hong
A/Prof Chao Sing Ming
Dr Indra Ganesan
Dr Chong Siew Le 
Dr Withanage Dona Vindya 
Nandani Gunasekara
Dr Khemchand N Moorani
Dr Sadaf Asim
Dr Bilqis Naeem
Dr. Harnam Hotchandani
Dr Iftikhar Ijaz
Dr Muhammad Imran
Dr Khuram Rashid
Dr Hashim Raza
Dr Nguyen Duc Quang
Dr Tan M Nguyen 
Dr Diem Thuy
Dr Trong Thi Nguyen Huynh 
Dr Dien Duong  

MD Huynh Ngoc Linh
Dr Chị Hương 
Dr Kien Nguyen 
Dr Lourdes Paula Resontoc
Dr Eric Emmanuel Aragon
Dr Maria Rosario Cabansag
Dr Angeli Montemor
Dr Ma. Angeles G. Marbella
Dr Anne Margaret Canapi

Committee
Dr Ng Kar Hui 
Dr David Lu
Dr Suprita Kalra 
Dr Yap Yok Chin 
Dr Cho Cho San 
Dr Withanage Dona Vindya
Dr Iftikhar Ijaz 
Dr Sadaf Asim 

Assoc Prof Syed Saimul Huque
Dr Kiran P. Sathe 
Dr.Vaishali B. More



NUH Adult nephrology
Dr Chan Gek Cher (site PI)
A/Prof Teo Boon Wee Jimmy 
Dr Da Yi

NUH Molecular Diagnostic Centre
Dr Benedict Yan 

SGH Renal Medicine
A/Prof Jason Choo (site PI)
Dr Cynthia Lim 
Dr Tan Hui Zhuan 
Dr Irene Mok Yanjia
Dr Kwek Jia Liang
Dr Lee Tung Lin
Chong Kay Yuan (Research coordinator)

NUS
Ng Jun Li (Project manager)
Dr Zhang Yaochun (Lab scientist)

Duke-NUS Medical School
Gandhi Naline (Project manager)
Shilpa Surendran (Research Associate)

NUH Paediatric Nephrology
Dr Ng Kar Hui (site PI)
Prof Yap Hui Kim 
Dr Perry Lau
Dr Sharon Teo
Dr David Lu 
Dr Koh Chee Teck 
Dr Mya Than (Research coordinator)
NUH Genetics
Dr Chin Hui Lin
Shreya 

KKH Paediatric Nephrology
Dr Leow Hui Min Esther (site PI)
Adj Assoc Prof Ng Yong Hong 
Clin Assoc Prof Chao Sing Ming 
Dr Ganesan Indra 
Dr Chong Siew Le 
Dr Celeste Yap
Ho Jing Yi (Research coordinator) 
Natalie Goh(Research coordinator) 
KKH Genetics
Clin Assoc Prof Tan Ee Shien 
Dr Jeannette Goh 
Breana Cham Wen Min
Lim Jiin Ying
Sylvia Kam Pei Rong

TTSH Renal Medicine
Dr Lim Ru Sin (site PI)
Dr Goh Su Mein (site PI)
Dr Yeo See Cheng
Dr Regina Lim 
Dr Selene Teoh
Wang Zi Yin (Research coordinator)
Felicia Lee (Research coordinator)
Lim Mui San Rosa (Research coordinator)

Clinical co-PI: A/Prof Ng Kar Hui (NUS)
Health Economist co-PI: Prof David Matchar (Duke-NUS)

Renal Alliance for Precision 
Diagnosis in Singapore





Global Operations Center

Avenue des Arts 1-2
1210 Brussels, Belgium

Americas Operations Center

340 North Avenue 3rd Floor
Cranford, NJ 07016-2496, United States

info@theisn.org
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