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What to do with novel findings in next-
generation sequencing? 

Data sharing, phenotyping and solving unsolved cases 
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Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way

I have found a novel variant. What now?
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You are welcome to participate!

1. Open web browser on the phone and go to this address: 
etc.ch/me6t

2. Once the question will appear, select your answer and 
click

3

If it does not work
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Q0. Does the voting work?

4

A. Yes
B. No

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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ExAC project 
N=60.706

Genome sequencing constantly generates novel findings
The higher the throughput the higher the rate of identification of novel findings
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Variant interpretation

False negative False positive
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Before we start…
some essential tools we will need
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GnomAD
Use gnomAD to gain information on the population variation in >100.000 individuals

gnomad.broadinstitute.org
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LOVD (genename.lovd.nl then click Global Variome shared LOVD)
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ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/)
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ACMG
https://www.medschool.umaryland.edu/Genetic_Variant_Interpretation_Tool1.html/

Google “variant interpretation tool”

https://www.medschool.umaryland.edu/Genetic_Variant_Interpretation_Tool1.html/
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Varsome – for quick variant queries
Search for your variant using the transcript coordinate 

(ie. NM_144628.4:c.553dup)
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Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way

I have found a novel variant. What now?
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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Patient with CADASIL syndrome

• A patient with suspected CADASIL syndrome was 
referred for genetic testing 

• CADASIL syndrome is caused by heterozygous 
pathogenic variants in NOTCH3 gene

• You identified a novel missense variant in NOTCH3 
gene 

NM_000435.3:c.865G>T

The variant is novel, missense p.(Gly289Cys) and 
predicted as damaging by in-silico algorithms
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etc.ch/me6tVoting link

Q1 How would you classify the NOTCH3 variant?

1. Benign

2. Likely benign

3. Variant of uncertain significance

4. Likely pathogenic

5. Pathogenic

NM_000435.3:c.865G>T
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RESULTS

etc.ch/me6tVoting link
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Cysteine substitutions 
are typical pathogenic 
variants in NOTCH3 
gene

NM_000435.3:c.865G>T
(p.Gly289Cys) 

PM1 – Functional hotspot 
(Cysteine substitutions)
PM2 – Absent from controls
PP3 – Predicted pathogenic 
PP4 – Phenotype typical

Likely pathogenic

Spectrum of pathogenic variation in the gene 

Clinvar
101 missense variants with cysteine substitions
99 pathogenic or likely pathogenic
2 with conflicting evidence (VUS/pathogenic)
0 benign/likely benign   
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Patient with a neurodevelopmental disorder
• A patient with global developmental delay is 

referred for whole exome sequencing

• In this patient, you identify a heterozygous stop-
gain variant in RTKN gene:

NM_001015055.1:c.973C>T

RTKN gene has not yet been associated with 
monogenic disease, but the gene is expressed in the 
brain, the variant is absent in controls and predicted 

to result in a loss of function p.(Gln325Ter)
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Q2 - What is your conclusion about the RTKN 
variant?

1. This is a likely cause of the neurodevelopmental disorder 
in this patient

2. We have likely found a novel gene for human disease – we 
need to find other patients with similar variants

3. This variant affects a gene not related to human disease, 
thus it is not likely a pathogenic variant

4. Heterozygous loss-of-function variants in this gene are 
common in the general population, thus it is unlikely to 
cause a severe mendelian phenotype

NM_001015055.1:c.973C>T

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link



25

Spectrum of population variation in the gene

Heterozygous loss-of-function 
variants in RTKN gene are 
commonly observed in the 
general population 

A heterozygous stop-gain variant in 
RTKN gene is thus less likely to be a 
cause of a severe early 

neurodevelopmental disorder
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Patient with night blindness

• A patient with congenital stationary night blindness 
was referred for genetic testing

• Pathogenic heterozygous variants in NYX gene 
represent an established cause of night blindness

• In this patient, you identified a heterozygous in-frame 
duplication variant in NYX gene:

NM_022567.2 c.619_627dup

Try to find this variant in LOVD (nyx.lovd.nl) or Clinvar
(https://www.ncbi.nlm.nih.gov/clinvar/)?
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Q3 - How would you classify the NYX variant?

1. Benign

2. Likely benign

3. Variant of uncertain significance

4. Likely pathogenic

5. Pathogenic

NM_022567.2 c.619_627dup

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Legacy mutation databases and old 
nomenclature

The same variant has been 
reported in the original report 
of the NYX involvement in 
night blindness in year 2000

NM_022567.2 c.619_627dup

PS1 – Established pathogenic 

variant
PM1 – Functional hotspot 
(LRR6 expansion)
PM2 – Absent from controls
PP4 – Phenotype typical

Likely pathogenic
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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Genetic variant information sharing
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Genetic variant information sharing
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Genetic variant information sharing

Sharing data through publication 
process requires considerable time 
and considerable effort
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Direct deposit of variant data to 
databases of genetic variations

Genetic variant information sharing
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Family with suspected mitochondrial disease

The proband is a girl with seizures and 
developmental delay, with a more 

severe clinical presentation than 
observed in other family members 

Apparent matrilinear inheritance of variable clinical presentation of 
seizures, renal disease and developmental delay
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Family with suspected mitochondrial disease
Apparent matrilinear inheritance of variable clinical presentation of 

seizures, renal disease and developmental delay

Exome sequencing
No mitochondrially encoded pathogenic variants detected



38

Synonymous
variant in ARID1B gene

Near intron-exon junction, rare and 
with possible effect on splicing

Paternal DNA sample not available for testing

The is a single report of this variant with 
the likely pathogenic classification in ClinVar
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Q4 - How would you classify the ARID1B variant?

1. Benign

2. Likely benign

3. Variant of uncertain significance

4. Likely pathogenic

5. Pathogenic

Synonymous variant with predicted effect on splicing, absent from all 
control populations (gnomAD) and possibly fitting the diagnosis in the 
patient. Only a single assertion of Likely pathogenic in Clinvar.

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Synonymous
variant in ARID1B gene

Near intron-exon junction, rare and 
with possible effect on splicing

Paternal DNA sample not available for testing

The is a single report of this variant with 
the likely pathogenic classification in ClinVar

Variant of uncertain significance
(PM2, PP3, PP5)
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Q5 - What is your next step for this family

1. Release the report with this variant 
classified as a VUS

2. Perform segregation in maternal relatives

3. Try to contact the laboratory that reported 
it as Likely pathogenic and ask why

4. This variant is most likely benign due to it 
being synonymous

5. This cannot be the causative variant due to 
an original suspicion of mitochondrial 
disease

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Synonymous p.Pro1370Pro 
variant in ARID1B gene

Near intron-exon junction, rare and 
possible effect on splicing

One report classifying it as a likely pathogenic variant in ClinVar
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One report classifying it as a likely pathogenic variant in ClinVar
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One report classifying it as a likely pathogenic variant in ClinVar
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Q6 - How would you classify the ARID1B variant?

1. Benign

2. Likely benign

3. Variant of uncertain significance

4. Likely pathogenic

5. Pathogenic

Synonymous with predicted effect on splicing, absent from all control 
populations (gnomAD) and possibly fitting the diagnosis in the patient. 
A single assertion of Likely pathogenic in Clinvar. 
Reported as de novo in two cases and functional studies have been 
performed.  

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Significance of variant information exchange

Synonymous p.Pro1370Pro 
variant in ARID1B gene

With functionally proven effect on splicing
Shown to be de novo in two cases with 

similar clinical presentation

Reclassified as Pathogenic
(PVS1, PS1, PS2, PS3, PM2) 

Establishment of pathogenicity
Establishment of a diagnosis (ARID1B 

associated developmental delay)
Clarification of inheritance
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Infant with severe dilated cardiomyopathy
• In an infant with severe dilated cardiomyopathy you 

discovered a rare missense homozygous variant in 
AARS2 gene

• Pathogenic biallelic variants in AARS2 gene cause 
Combined oxidative phosphorylation deficiency 8, but 
have recently been reported rarely in severe early 
onset cardiomyopathy

• There are five heterozygous carriers in gnomAD and 
no homozygous individuals, the variant is predicted as 
pathogenic in-silico, but the phenotype overlap is not 
clear

• Try to find out if any lab has reported this variant in 
ClinVar (www.ncbi.nlm.nih.gov/clinvar/)
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Q7 – What will you do next about the 
NM_020745.3:c.985C>T variant?
1. Report as likely pathogenic and advise parents 

to perform prenatal testing in further 
pregnancies

2. Conclude the report, reporting this variant as a 
VUS finding

3. Contact the Institute of Human Genetics, IHG-
MRI-TUM Munich for more information 

4. Contact Illumina Clinical Services lab for more 
information

5. Do not report this variant

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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The ClinVar entry
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Beacon –etwork - a federated network for 
variant searches
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Find your variant using the beacon network
beacon-network.org
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Try it your self

• In a patient with intellectual disability, 
microcephaly and seizures you have identified a de 
novo variant in ACTL6B gene: 

NM_016188.4 c.1027G>A

The variant is absent from gnomAD, predicted 
pathogenic but ACTL6B is not yet tracked in OMIM

Use the beacon network platform (beacon-network.org) to 
identify other laboratories that have patients with this 

same variant. 
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Q8 - Which institution will you contact about 
this variant (use beacon-network.org)

1. Johns Hopkins All Children's Hospital

2. Children’s Mercy hospital, Kansas

3. University Medical Center Utrecht

4. Ghent University Hospital

5. Partners HealthCare Personalized Medicine, Boston

etc.ch/me6tVoting link

NM_016188.4 c.1027G>A
Genome coordinate (hg19): NC_000007.13:g.100244260C>T
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RESULTS

etc.ch/me6tVoting link
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Published in 2nd May 2019
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Geno2MP platform
geno2mp.gs.washington.edu
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Finding variants in Geno2MP
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Phenotypes in patients with the variant
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Try it your self
• In a patient with features of premature aging, 

failure to thrive and craniosynostosis, you 
identified a de novo missense variant in SLC25A24 
gene: 

NM_013386.4:c.650G>A, p.(Arg217His)

The variant is absent from all control populations, 
predicted pathogenic 

Can you find a matching patient with a similar 
variant as this patient?
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Q9 - What is the phenotype of the patient with a 
similar finding

1. Failure to thrive

2. Global developmental delay

3. Autism

4. Malformation of the heart and great vessels

5. Prematurely aged appearance

etc.ch/me6tVoting link

Go to geno2mp.gs.washington.edu and check if you can get some 
information about the NM_013386.4:c.650G>A, p.(Arg217His) variant in 
SLC25A24 gene
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RESULTS

etc.ch/me6tVoting link
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French case Our case

Italian case
Spanish case

Matchmaking helps identify novel genes
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De novo variants affecting Arg217 residue in SLC25A24 
protein as the cause of a progeroid syndrome

Writzl et al, AJHG, 2017
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Find patient contributed information
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Find patient contributed information
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…and associated phenotypes
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In a patient with neurodevelopmental phenotype, you 
identified a de novo missense KMT2E variant. This 
gene/variant has not yet been reported in association with 
human disease. Use MyGene2 to find out which holds true

1. De novo missense KMT2E variants cause 
developmental delay

2. Biallelic variants in KMT2E cause developmental 
delay

3. Pathogenic variants in KMT2E cause an 
unrelated clinical presentation

4. There is no evidence on the role of KMT2E in 
human disease

Q10 - Patient with a de novo KMT2E variant

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link



74

Crowd-sourced match-making
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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Human phenotype ontology
(http://www.human-phenotype-ontology.org)

Köhler, et al. .Nucleic acids research (2013): gkt1026.

http://www.human-phenotype-ontology.org/
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Atrioventricular septal defect

Human Phenotype Ontology

Robinson P, Köhler S, Bauer S, Seelow D, Horn D, Mundlos: The Human 
Phenotype Ontology:   A Tool for annotating and analyzing human hereditary disease, Am J 
Hum Genet. 2008 Nov
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PhenoTips platform
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Phenotips enables streamlined collection of patients’ phenotypes
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Clinical information based on HPO profiles
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Clinical information based on HPO profiles
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Clinical information based on HPO profiles
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Try it: playground.phenotips.org
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Patient 1

Create a new patient using PhenoTips and fill in the basic fields. Try to 
diagnose your patient using the clinical signs. Using the Matching 
disorders in OMIM in the Diagnosis section, try to find a correct diagnosis 
in this patient. 

Patient 1 is a 6-year old girl born (13.2.2013) to healthy, unaffected parents. 
Her development is characterized by growth delay and developmental delay, 
including moderate intellectual disability. Her head is smaller than expected for her 
age. 

She has several facial dysmorphic features, particularly notable features include 
synophrys, highly arched eyebrows, long eyelashes and low-set ears. The 
clinician observed that she has thick hair and that some hair extends on her back 
and arms (hirsutism). She has disproportionally small hands and is missing a 
finger on her right hand. 

She also has reported hearing impairment and ventricular septal defect, that was 
operated in the first year. 
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etc.ch/me6tVoting link

Q11 - What is your diagnosis?

1. Kabuki syndrome

2. Boehring-Opitz syndrome

3. Cornelia de Lange syndrome

4. Hajdu-Cheney syndrome

5. Mucopolysaccharidosis, type 3
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RESULTS

etc.ch/me6tVoting link



88

Patient 1 - Diagnosis
Top candidate diseases

Sharing phenotypes is dependent 
on the accurate phenotyping!
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Patient 2

Create a new patient using PhenoTips and fill in the basic information. Try 
to diagnose your patient by entering the clinical signs. Using the Matching 
disorders in OMIM in the Diagnosis section, try to find a correct diagnosis 
in this patient. 

Patient 2 is a 10-year old boy born (1.3.2009) born to healthy, unaffected 
parents. 
The major feature observed in this patient is his overgrowth – all of his growth 
parameters exceed those expected at his age. His stature is tall (above 97th 
percentile). His head circumference is large (above 97th percentile) and he is 
dolichocephalic. 
His development is characterized by moderate developmental delay, in particular 
intellectual disability. 

He has distinctive facial features, he has a pointed chin, downslanting palpebral 
fissures and mandibular prognathia.

He also has atrial septal defect and scoliosis. 
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Q12– what is your diagnosis?

1. Smith-Lemli-Opitz syndrome

2. Phelan McDermid syndrome

3. Cornelia de Lange syndrome

4. Kleefstra syndrome

5. Sotos syndrome

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Top candidate diseases

Patient 2 - Diagnosis
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Patient 3

Create a new patient using PhenoTips and fill in the basic information. Try 
to diagnose your patient using the clinical signs. Using the Matching 
disorders in OMIM in the Diagnosis section, try to find a correct diagnosis 
in this patient. 

Patient 3 is a 30-year old woman (1.3.2009). 
She was hospitalised for jaundice and chronic anemia. 
Ultrasound revealed splenomegaly of unknown cause.
Laboratory tests also that her anemia is hemolytic, her levels of reticulocytes are 
increased and she has hyperbilirubinemia. 
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Q13 – what is your diagnosis?

1. Spherocytosis

2. Thalassemia

3. Haemochromatosis

4. Porphyria

5. Diamond-Blackfan anemia

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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I have found a novel variant. What now?

Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way
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I have found a novel variant. What now?

Use match-making to 
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Legacy databases and literature
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to get more information about 

my variant of interest
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Direct deposit of variant data to 
databases of genetic variations

Genetic variant information sharing
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Direct deposit of variant data to 
databases of genetic variations
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Family with congenital arthrogryposis
Family with a boy affected by congenital congenital arthrogryposis multiplex, 
previous pregnancy was terminated due to similar symptoms

Images: 
http://www.patienthelp.org/disea
ses-conditions/arthrogryposis-
multiplex-congenita.html
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Family with congenital arthrogryposis

www.homozygositymapper.org

A 31Mb block of homozygosity on 
chromosome 15

A homozygous truncating variant in gliomedin gene in 
proband and fetus from previous pregnancy 

(GLDN)

Implicated in development of Ranvier nodes in 
peripheral nerves
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Slide by Kym Boycott
https://www.slideshare.net/raredisorders/kym-boycott-rare-disease-day-2016-conference
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Match-making
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Match-making
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Match-making
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Match-making
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Match-making
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Match-making
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Phenome Central
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Several patients (4 families) with arthrogryposis and 
biallelic GLDN variants were found independently 

Washington case

Slovenian case

Göttingen case
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Family with congenital arthrogryposis
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Try it yourself!
playground.phenomecentral.org
Login: MoscowVEP
Password: moscow
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Create a new patient

Grant matching consents

Add phenotype data
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Add the genetic information

Click save and view summary at the bottom of page

Find matches!

Check the 
features that 

match
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Match-making case 1
• A 9-year old male was referred for whole exome 

sequencing for global developmental delay. He also 
has dysplastic features (hypertelorism, epicanthus, 
downslanting palpebral features, prominent forehead, 
microcephaly, low-set ears). He has atrial septal 
defect and talipes calcaneovalgus. 

• You identified a novel variant in DMXL1 gene 

NM_001290321.1:c.7136-1G>C

• Neither this variant nor this gene have been reported 
in association with human disease

• Log in to the playground.phenomecentral.org website. 
Can you find a matching patient?
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Q14 - Did you find a match?

• Yes, one patient having a candidate variant in the 
same gene and perfect phenotype match

• Yes, one patient having a candidate variant in the 
same gene and partial phenotype match

• No, I have only found patients with a similar 
phenotype but no gene match

• I have found no matches

Ignore the matches that belong to you (MoscowVEP)

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link



121

We have got a match!
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Match-making case 2
• A 4-year old female was referred for whole exome 

sequencing for Rett-like syndrome, however, no 
pathogenic variants have been identified in MECP2 and 
genes associated with Rett-like conditions. 

• She does not speak and her movements are characterized 
by stereotypical body rocking. She has strabismus. She also 
gas gastroesophageal reflux disease and has feeding 
difficulties. 

• You identified a de novo variant in PCGF3 gene 

NM_006315.4 c.640C>T
• Neither this variant nor this gene have been reported in 

association with human disease
Log in to the playground.phenomecentral.org website and 

submit this patients phenotype and the variant to 
PhenomeCentral. Can you find a matching patient?
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A match!
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Q15 - Did you find a match?

• Yes, one patient having a candidate variant in the 
same gene and perfect phenotype match

• Yes, one patient having a candidate variant in the 
same gene and partial phenotype match

• No, I have only found patients with a similar 
phenotype but no gene match

• I have found no matches

Ignore the matches that belong to you (MoscowVEP)

etc.ch/me6tVoting link
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RESULTS

etc.ch/me6tVoting link
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Match-making case 3
• A 8-year old boy was referred for whole exome sequencing 

for severe hypotonia. 
• The patient has extreme central  hypotonia, without 

neuropathic/myopathic features. He has absent speech, 
cannot walk, MRI shows periventricular leukomalacia. 

• You identified a de novo missense variant in BCL10 gene 

NM_003921.4:c.70T>G 

• Neither this variant nor this gene have been reported in 
association with human disease

Log in to the playground.phenomecentral.org website and 
submit this patients phenotype and the variant to 

PhenomeCentral. Can you find a matching patient?
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Q16 - Did you find a match?

• Yes, one patient having a candidate variant in the 
same gene and perfect phenotype match

• Yes, one patient having a candidate variant in the 
same gene and partial phenotype match

• No, I have only found patients with somewhat 
similar phenotype but no gene match

• I have found no matches

Ignore the matches that belong to you (MoscowVEP)

etc.ch/me6tVoting link
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No gene match, partial phenotype overlap
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RESULTS

etc.ch/me6tVoting link
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The actual PhenomeCentral website allows actual patient 
matches across PhenomeCentral and multiple networks in the 

global alliance – make your account after this workshop
www.phenomecentral.org
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Use match-making to 
identify similar patients

Legacy databases and literature

Use existing sources to get 
the most information on 

your variant

Get in touch with institutions 
to get more information about 

my variant of interest

Share phenotypes in a 
standarized way

Use data sharing platforms!
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