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Learning Objectives 

• Upon completion of this learning activity, participants should be able to 
describe the different modalities of genetic testing currently available to 
patients.

• Upon completion of this learning activity, participants should be able to 
define variants of unknown significance and describe their relationship 
to clinical disease.



Outline

• Overview of genes and the immune system

• Introduction to genetics

• “The pipeline”

• Interpretations

• What next?



Partnering our understanding 
of genes and the immune 

system 



Bruton’s Agammaglobulinemia

• 1952: Colonel Ogden C. Bruton reported an 8 yo male with extreme 
susceptibility to infections. 

• Experiments showed a lack of IgG in the patient’s serum. 

• Administering IgG controlled the life-threatening infections. 

This was the first description of a 
PID and IgG replacement therapy



Bruton’s Agammaglobulinemia

Conley. J Clin Invest. 2003; Tsukada et al. Cell. 1993; Vetrie et al. Nature.1993

• Gene identified in early 1990s
• Treatment started without genetics



Chan AY, Torgerson TR. Current Opinion in Allergy and Clinical Immunology. 2020Tangye SG, et al. J Clin Immunol 2022l and pending update

• Tregopathies
• Autoinflammatory
• VEO-IBD
• ALPS-like
• Hyperinflammatory



Genes and Immune Dysregulatory Disorders

• Some diseases have only 1 known gene

• Multiple genes can cause 1 disease

• New disease-causing genes are still being identified

L.B.



Bruton’s Agammaglobulinemia

Conley. J Clin Invest. 2003; Tsukada et al. Cell. 1993; Vetrie et al. Nature.1993



Estimated share of each disease gene within the common variable immunodeficiency 
population based on published cases.

Delfien J A Bogaert et al. J Med Genet 2016;53:575-590

Genes associated with CVID



What is a gene?  



What is DNA?

• The information in DNA is stored as a code made up of four chemical 
bases: 

• adenine (A)
• guanine (G)
• cytosine (C)
• thymine (T)

• The organization of these 4 bases is 
   most stable as the double helix



Genes are made of DNA

• The functional unit of inheritance

• Gene is made up of exons 

• Exons are separated by introns

start stop



Flow of Genetic Information

DNA RNA PROTEIN



Flow of Genetic Information

Protein
interactions PHENOTYPE



Genotype – Phenotype

DNA PHENOTYPE



Genetic variants are spelling errors

• Types    SURFING

– Substitution –  SERFING or SURGING
– Insertion –   SURFFING or SURFFERING
– Deletion –  SURF-NG or S---ING
– Truncation –  SURFI--

• These genetic variants may be anywhere in the gene

Slide courtesy of HM Hoffman



Other genetic changes

• Moderate sized insertions or deletions (1 or more exons)

• Copy number variants
• Gene duplications
• Entire gene deletions

• Large Deletions/Duplications or entire chromosome number changes 
(monosomy or trisomy)



How can we inherit genetic 
changes?



Inheritance Patterns

https://disorders.eyes.arizona.edu/



Inheritance Patterns

https://disorders.eyes.arizona.edu/



Sporadic or de novo variants

Aluri, J., Cooper, M.A. J Clin Immunol 41, 718–728 (2021).



This happens in every person
Sometimes it leads to disease



Role of Genetic Testing

• Confirm diagnosis 

• Define prognosis

• Treatment implications

• Family planning



Is a genetic cause likely to 
be identified?



Hoffman & Broderick, A&R 2016

A family history may reveal the 
inheritance pattern, but: 

– De novo mutation
• no other family member is 

affected (NOMID, TRAPS).

– Variable expressivity
• Milder disease presenting later 

may be missed.

– Disease penetrance may vary, 
• not all mutation carriers are 

affected



Hoffman, H. M. and Broderick, L. (2016), It just takes one: Somatic mosaicism in autoinflammatory disease. Arthritis & Rheumatology. doi:10.1002/art.39961



Age associated mosaicismEmbryonic mosaicism

Early onset disease Late/adult onset disease

Waldvogel, S.M., Posey, J.E. & Goodell, M.A. Nat Rev Genet 25, 698–714 (2024). Bernstein, N., et al. Nat Genet 56, 1147–1155 (2024).



Somatic Mosaicism:
Two genetically distinct cell populations within an individual 

• Clinical Implications
• Difficult to detect in blood – sometimes only 4% of cells
• Late onset phenotype – adults / parents of affected kids
• Different phenotype due to expression
• Difficult to predict inheritance
• May be more common than thought

Hoffman & Broderick, A&R 2016



VEXAS: Vacuoles, E1 enzyme, X-linked, 
autoinflammatory, somatic syndrome

• myeloid lineage-restricted UBA1 somatic mutations -> anemia, thrombocytopenia
Beck, DB et al. NEJM. 2020
Beck DB, et al. JAMA. 2023

VEXAS 
occurred in 1 
out of every 
4,269 men 

older than age 
50



What kind of genetic test 
should I get?



Types of genetic testing

• Chromosomal microarray

• Single gene

• Gene panels 

• Whole exome 

• Whole genome

Decision should be based 
on clinical history and other 

testing results



Whole Genome vs Exome vs Targeted Sequencing

Cortini et al 2017. Exploratory Research and Hypothesis in Medicine. 2. 57-62. 

Single gene or Panel



Whole Genome vs Exome vs Targeted Sequencing

Cortini et al 2017. Exploratory Research and Hypothesis in Medicine. 2. 57-62. 

Single gene or Panel

All have ~20% success rate



How did they generate this 
report (and what does it 

mean)?



The sequencing pipeline

Modified from Shu, et al. Scientific Reports. 7. 583. 10.1038/s41598-017-00520-1. 

• Consent
• Insurance coverage
• Genetics consult
• Family discussion

Fast (mostly automated) Slow (processing and thinking)



Interpretation

• Requires correlation between a positive finding and 
the clinical disease picture



Interpretation can be difficult

Platt et al. J Allergy Clin Immunol. 2014 Aug; 134(2): 262–268.
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Clinical phenotype = candidate genotype: criteria*

• Family studies and population studies must indicate that the patient’s 
candidate genotype is monogenic and does not occur in individuals without 
the clinical phenotype (complete penetrance).

• In-depth experimental and mechanistic studies must indicate that the 
genetic variant destroys or markedly impairs or alters the expression or 
function of the gene product (or two genetic variants in the case of 
compound heterozygosity).

• The causal relationship between the candidate genotype and the clinical 
phenotype must be established via a relevant cellular or animal phenotype.

*applies to single patient studies Casanova JL, Conley ME, Seligman SJ, Abel L, Notarangelo LD. J Exp Med. 2014. 



This means reports are ”living 
documents” and updated



Types of genetic variants

Ayuso C. J Hum Gen. 2013



Variant classification

Commonly identified in gene 
panels, whole exome, and whole 

genome sequencing

The American Society of Human Genetics





Nykamp K, et al. Genet Med. 2017.

Invitae and Sherloc



Variants of Unknown Significance 

• Variants of unknown significance have an uncertain relationship to 
disease.

• The effect of the specific genetic alteration on gene function is not 
known.

• There are insufficient genetic data to definitively confirm that the 
variant is associated with disease.

The American Society of Human Genetics

I don’t feel comfortable explaining all this…





What does a typical report 
look like?



bp change aa change

Clinical information
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Gene name



Does not report source! How? Why?

Variant information



The usual result…



How can I look into the 
results further?



Finding your own evidence

• PubMed
• Abstracts
• New publications

• Scientific proceedings

• Phone a friend

• Reports may be updated as new information is generated



If there are so many genetic changes, 
why was my test negative (or didn’t give 

the result I expected)? 

The small print…and setting expectations



Immune genetics are complicated

Stray-Pedersen et al. JACI



Focus on Mendelian disease

• Non-mendelian inheritance
• Digenic
• Oligogenic
• “Burden of variants”

Nature 607, 421-422 (2022)



Muskardin, T. L. M. & Niewold, T. B. (2018) Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2018.31



Focus on Mendelian disease

• Non-mendelian inheritance
• Digenic
• Oligogenic
• “Burden of variants”

• Multifactorial
• Contribution of environment
• Epigenetic changes

Nature 607, 421-422 (2022)



Mosaicism and malignancy



Sequence issues

• Was the region adequately 
covered?

• Introns
• Pseudogenes
• Repeats

Chinn et al JACI 2019



Some exons are not covered



Not all VUS are reported



I still can’t find anything…



It’s not just in the sequence…

DNA RNA PROTEIN PHENOTYPE



It’s not just in the sequence…

• DNA sequence is not the only determinant of phenotype
• RNA Expression is regulated in several ways

• Variable amounts (promoters, epigenetic, stability)
• Different cells and tissue
• Alternative splicing
• Monoallelic expression

• Protein expression and function is regulated 
• Variable amounts (stability and degradation)
• Proteins are modified by a number of processes that affect function



Some regions of DNA do not code for protein but have 
other important functions



“I don’t want to do it.”
Implications of direct-to-consumer genetic testing



Stanczyk FZ, Mandelbaum RS, Lobo RA. F S Rep. 2022
Oh B. Genomics Inform. 2019

• BRCA1 and BRCA2
• APOE e4 vs APOE e2



https://medical.23andme.com/wp-
content/uploads/2022/09/Familial-
Mediterranean-Fever-zero-variants.pdf



What do I do in the 
meantime?



Treat what you can…and keep thinking



Implications of genetics studies
Risks and benefits

(beyond simple confidentiality)



Future effects

• No “take backs” – learning something you didn’t want to know
• Emotional stress
• Medical care

• Insurability
• Genetic Information Nondiscrimination Act (GINA) 2008
• GINA does not apply when 

• an employer has <15 employees
• in the U.S. military, VA or Indian Health Service
• For other forms of insurance (life, disability, long-term care)



New concerns 

• What makes us, “us?”

• How / can we control how others interpret our genetic links to 
others?



So…should I get genetic testing for my patient?

• Will it help get therapy?

• Does everyone understand the 
possible outcomes?

• Patient
• Family
• Physician

• Use genetic counselors as a 
resource



Take Home Messages
• Genetics are only ONE PART of the clinical picture.

• Genetics have improved diagnosis and led to improved therapy, 
but is not always straightforward

• Genetic counseling is important.

• Follow up testing may still be needed to determine a conclusive diagnosis.

• Genetic testing should not be a pre-requisite confirmatory test to initiate or 
continue disorder-specific or supportive therapy where the clinical history and 
routine testing demonstrate a clear need.
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