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Brief Overview of Genetics -1-

• Genetics is the scientific study of how certain qualities or traits are 
passed down from one generation to the next, or from parents to 
offspring. 

• Gregor Mendel discovered some of the fundamental 
principals of genetics experimenting with peas.

• He coined the terms dominant and recessive, which 
we still use today to describe the pattern of an inherited 
disease within a family.



Brief Overview of Genetics -2-

Dominant: Recessive:

Patterns of "Mendelian inheritance"



Brief Overview of Genetics -3-

• The information for a single trait that gets passed on from one 
generation to the next is called a gene.

• Today, we know that genetic material is contained in the DNA in 
each cell in our bodies.  

• DNA is translated into proteins, 
the building blocks of our bodies. 



Brief Overview of Genetics -4-

• A gene is the segment of DNA that contains the code for one 
specific protein. 

• Genetic variants in DNA pop up 
randomly over time and may affect 
the quantity or function of proteins. 

• A mutation is a DNA variant in one gene that causes disease. 

• Genetic variants/mutations are passed on to the next generation.

• We carry 2 copies of each gene in each cell of our body: one from 
our mother and one from our father. 



* Brief Overview of Genetics -2-*

Dominant: Recessive:

REMEMBER: Patterns of "Mendelian inheritance"
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Does Parkinson disease run in families? -1-

• PD is fairly common:
- almost 1 million people in North America alone
- an estimated 10 million people worldwide
- ~1% of the population >60 years of age affected 

• However, families with Mendelian pattern of inheritance are 
exceedingly rare. 

• Therefore, the traditional conclusion was that PD is NOT an inherited 
disease, and that genetic factors do NOT play an important role in 
the pathogenesis of PD (or how PD develops). 

• HOWEVER…



Does Parkinson disease run in families? -2-

• If you have a 1st degree relative (sibling, parent) with PD, your relative 
risk of developing PD is more than doubled (2.3x higher) compared to 
the general population (roughly 2% vs. 1% lifetime risk).

• The risk is not increased for relatives of late-onset PD 
(age at onset >66 years).

• Twin studies were inconclusive.



Does Parkinson disease run in families? -3-

• The Big Breakthrough of 1997, part 1:

The Contursi kindred: 
(Italian-Greek family with 
autosomal-dominant PD)

• An exceedingly rare form of hereditary PD
with autosomal-dominant inheritance.



Does Parkinson disease run in families? -4-

• The Big Breakthrough of 1997, part 2:

Maria Grazia Spillantini
Marie Luise Schmidt
Virginia M.-Y. Lee
John Q. Trojanowski
Ross Jakes
Michel Goedert

The "normal"/"run-of-the-
mill" form of PD has the 
same protein inclusion 
bodies ("Lewy bodies") 
as the very rare genetic 
form of PD, containing 
misfolded α-synuclein.



Does Parkinson disease run in families? -5-

Characteristics of autosomal-recessive juvenile parkinsonism (AR-JP):
• early onset (<40 years)
• foot dystonia at onset
• good response to levodopa therapy
• early onset of levodopa-induced dyskinesia
• slow disease progression
• pathology: absence of Lewy bodies parkin gingerbread



Monogenetic forms of PD -1-

• Mutations in the genes for α-synuclein and parkin (and most other 
monogenetic forms of PD) are very rare. 

• Studying the effects of these mutations has taught us a lot about 
mechanisms of PD in general. 

• If a mutation in one gene causes PD and the pattern of inheritance 
follows one of the classic Mendelian patterns, we call it a monogenic   
form of PD. 

• At this point, we know ±12 monogenetic forms of PD. 



Monogenetic forms of PD -2-

Vázquez-Vélez GE, Zoghbi HY. Parkinson's Disease Genetics and Pathophysiology. Annu Rev Neurosci. 2021 Jul 8;44:87-108. 



*What does genetic even mean? -4-*

• A gene is the segment of DNA that contains the code for one 
specific protein. 

• Genetic variants in DNA pop up 
randomly over time and may affect 
the quantity or function of proteins. 

• A mutation is a DNA variant in one gene that causes disease. 

• Genetic variants/mutations are passed on to the next generation.

• We carry 2 copies of each gene in each cell of our body: one from 
our mother and one from our father. 



Common genetic variants are PD risk factors -1-

• Simple genetic variants of a single base pair in the DNA are common 
in the human genome.

• Some of these variants (or SNPs) have an influence on how likely it 
is for the person with that variant to develop Parkinson disease.

• The risk of a carrier of such a variant is only slightly increased. For 
example, if the average person without such a variant has a 1% risk 
for PD, the carrier of such a "PD risk variant" has a 1.2% risk. 

• Such variants are called single nucleotide polymorphisms, or SNPs.



Common genetic variants are PD risk factors -2-

Nalls et al. (2014), Nat Genet

At this point, >90 such 
variants have been 
identified.

These variants explain 
~30% of the heritability 
of PD.  



*Monogenetic forms of PD -2-*

Vázquez-Vélez GE, Zoghbi HY. Parkinson's Disease Genetics and Pathophysiology. Annu Rev Neurosci. 2021 Jul 8;44:87-108. 



Monogenetic forms of PD -3-

• Causes up to 40% of familial PD in North African Arabs and 
Ashkenazi Jews.

• Incomplete age-dependent penetrance:
- 30% at age 60
- 50% at age 70
- 75% at age 80

• LRRK2: autosomal-dominant inheritance. 

• Found in 2% of non-familial PD in the U.S.

• Clinical presentation: typical PD. 

ð LRRK2 mutations are in between classic mutations and PD risk factors



Does Parkinson disease run in families? -6-

• Yes, but only in very few families, due to exceedingly rare mutations. 

• Three types of genetic factors: 
- common variants with a very small effect;
- rare mutations that often, but not always cause disease;
- exceedingly rare mutations that always cause PD. 

• It is mostly the risk for PD that runs in the family.
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Genetic testing for Parkinson disease -1-

PRO: 
• No gene-specific therapy yet.• Clarify cause of disease.

CON: 

• Allow participation in studies 
specific for certain genetic 
forms of PD.

• In the future: gene-specific 
targeted therapy.

• Family planning

• Burden of knowledge/ 
anticipation for family members.

• Inconclusive results possible.

• Cost. (Insurance coverage?)

• Results difficult to interpret. 



Genetic testing for Parkinson disease -2-

Factors that predict a high yield of genetic testing:

• Young onset of PD (possibly <50, probably <40). 

• Strong family history.

• Ashkenazi Jewish family or Northern African family origin.

Genetic testing will become more and more common.

Genetic testing will become more and more comprehensive. 

Predictions reg. genetic testing in PD:

• Whole exome or whole genome sequencing, rather than gene panels. 



Genetic testing for Parkinson disease -3-

My suggestions for a pragmatic approach:

• Talk to a knowledgeable health care provider. 

• Consider your pros and cons and discuss them with loves ones.

• Consider genetic counseling.

• Testing as part of a genetic study.



Additional resources

• The Michael J Fox Foundation: www.michaeljfox.org/

• The Parkinson's Foundation: www.parkinson.org/

• Online list of all active clinical trials: ClinicalTrials.gov


