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Why is genetic testing different?

• Genomic data is qualitative
• Needs to be transformed into probabilistic (quantitative) 

information
• Complications:
• disruptions in different genes will lead to disease in different ways
• everyone (yes, including you) have thousands of genetic variants
• genomic technology has blind spots
• genetic knowledge has blind spots



How nature works



Genetic testing



In reality
this chair may be wobbly

this is the chair assembly manual. There’s a typo in 
page 7. Would this lead to the chair being wobbly?



How to start?

• American College of Medical Genetics (ACMG) 2015 Guidelines



5-tiered system





What’s taken into consideration?
1. Rarity – rare diseases need to be caused by rare variants

Stand-alone criterion: variants >5% in the general population are automatically benign

Variants that are absent from the general population are more suspicious

Take penetrance into account!



1. Rarity
Population databases:



1. Rarity
COL3A1 c.283-45G>TCOL3A1 c.245G>A, p.(Gly82Glu)



What’s taken into consideration?
2. Mechanism

Is the way the variant impacts the gene according to the mechanism of disease for this gene?

Loss of function Gain of function

The usual function of the 
protein is abrogated by the 
variant

The protein either 
functions at a higher level 
(i.e. increased enzyme 
activity) or changes into a 
new function



2. Mechanism
Types of variants

Is the way the variant impacts the gene according to the mechanism of disease for this gene?

a.k.a “synonymous” – tolerated unless affects splicing

a.k.a “stop-gain” – leads to loss of function unless at the end of the 
protein

leads to loss of function unless proven otherwise

most variants – variable effect



2. Mechanism
Assessing missense variants – geneticists’ job security

- where in the protein is this change?
- hotspot domains, active sites, important structural components

- what are the characteristics of the amino acids that are being substituted?
- does it also affect splicing?

Kuivaniemi H and Tromp G, Gene, 2019



Example (real case)
COL3A1 c.1024G>A, p.(Gly342Arg)

G X Y G X Y G X YG X Y

Frequency is very low in gnomAD
Disrupts a G-X-Y helical motif (known mechanism)

Kuivaniemi H and Tromp G, Gene, 2019



2. Mechanism
Assessing missense variants – geneticists’ job security

In silico predictors – use with caution!

Each predictor has its own algorithm and they may be widely discordant – seek consensus!

- Some aggregator software may synthesize different predictors and provide an aggregated score

COL3A1 c.1024G>A, p.(Gly342Arg)

SpliceAI and Pangolin (in silico
splice variant predictors) are not 
applicable to this case. Other 
predictors reached consensus



2. Mechanism
Don’t forget about splicing!

- “canonical” splice site variants (+-2) are usually very 
deleterious!

- other variants adjacent to the splice site may or may 
not cause abnormal splicing

- some variants are hiding deep in the introns but may 
also cause abnormal splicing



What’s taken into consideration?
2. Allelism and segregation

Does the variant segregate with the phenotype/disease?

perfect segregation lack of segregation



3. Allelism and segregation
De novo/germline mosaicism

-/- -/-

+/-

- De novo variants have not been filtered out by 
generations of natural selection

- Increased probability of pathogenicity
- Any de novo variant may be germline mosaic (parent’s 

gonad has the variant, but not other tissues)
- Implications for recurrence risk



What’s taken into consideration?
4. Phenotype

Does the phenotype match what is expected from a variant in this gene?
Is it a specific match?

Non-specific phenotypes:
- joint hypermobility
- skin hyperextensibility
- mild ascending aortic aneurysm
- pectus excavatum
- “Marfanoid” habitus

Specific phenotypes:
- early-onset aortic rupture
- idiopathic viscus perforation
- ectopia lentis (lens subluxation)

Beware! 
If you are using a panel, selecting a panel is already a phenotypic filter, and only 

very specific phenotypes should be applied for further variant classification!



Example (real case, cont’):
COL3A1 c.1024G>A, p.(Gly342Arg)

Patient: 64 y.o. F with:
- early-onset bilateral carotid dissections
- multiple spontaneous tendon ruptures
- uterine prolapse
- acrogeria

Family history:
- daughter (27 y.o.) with ascending aortic aneurysm and 
carotid dissection
- daughter (25 y.o.) with ascending aortic aneurysm
- both positive for same variant

This case meets:
- PM1 (hotspot variant)
- PM2 (absent/essentially absent from healthy population)
- PP1 (segregation with a few family members)
- PP3 (in silico consensus for deleteriousness)
- ?PP4 (specific phenotype)

ACMG criteria likely pathogenic



Disclaimer

• There are other relevant criteria that have not been discussed at 
this presentation
• Ex.: whether a variant has already been reported as pathogenic

• ClinGen: working groups that refine the overall criteria for specific 
genes
• Trust the lab, but verify! (Especially with large commercial labs!)



Your turn!

Summary of the criteria –
click on the ones that this 
case matches, and it will 
compute them for you

Case: 43 y.o. F 
- spontaneous common iliac rupture
- splenic artery aneurysm requiring splenectomy
FH: 
- mother deceased at 42 y.o. from ruptured renal artery
- maternal grandfather deceased in 50s of aortic rupture
Genetic testing:
- NW GAAP Panel: COL3A1 c.2770G>A, p.(Gly924Ser)

- variant disrupts G-X-Y motif
- variant is absent from gnomAD



Your turn!

Summary of the criteria –
click on the ones that this 
case matches, and it will 
compute them for you

Case: 26 y.o. M
- ascending aortic aneurysm (Z = +3.1)
- joint hypermobility
FH: 
- father with coronary artery disease requiring stent at 56 y.o.
- sister with joint hypermobility
Genetic testing:
- Direct-to-consumer test: COL3A1 c.130G>A, p.(Val44Ile)



Thank you!

starostar@ohsu.edu


