
Genetics of Movement 

Disorders



• Chorea

• PD

• PD plus

• Dystonia

• Myoclonus, Tremor





Genetic causes of chorea:

HD-like disorders 

(Aka HD phenocopies)

Characterised by variable presentations of:

• Chorea, dystonia, parkinsonism

• Cognitive impairment (frontal-subcortical)

• Psychiatric disturbance



Genetic HD-like disorders

• HDL1 Inherited prion disease (includes HDL1)

• HDL2 (triplet repeat expansion in junctophilin-3 gene)

• HDL3 (1 family; causative mutation not known)

• SCA17 aka HDL4 (triplet repeat expansion in TBP)
• SCA1-3 (triplet repeat expansions)

• Dentatorubro-pallidoluysian atrophy (DRPLA)

• Neuroacanthocytosis (choreo-acanthocytosis (chorein) and 
MacLeod’s Syndrome (XK gene – X chromosome)

• Neuroferritinopathy (ferritin light chain)

• NBIA/PKAN (PANK2 mutations)



Prion diseases

• HDL1

• Inherited prion diseases may present with chorea in 

addition to ataxia, parkinsonism, myoclonus

• HDL1 is caused by an octapeptide repeat insertion in 

PRNP (prion protein gene humans)
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• Sporadic CJD: late-onset

• PrP repeats tend to present younger

Wild-type human PrP contains one PQGGGGWGQ nonapeptide (encoded 

by R1) and four PHGGGWGQ octapeptides (encoded by R2-R4), such that 

the normal sequence is R1-R2-R2-R3-R4. The mutant allele has eight extra 

PHGGGWGQ repeats: R1-R2-R2-R3g-R2-R2-R2-R3g-R3g-R2-R2-R3-R4.



HUNTINGTON DISEASE
GENETICS

• Huntingtin gene (IT15/HD)
– Chromosome 4p16.3
– >99% of cases worldwide



Epidemiology of HDL2

• Most families of definite or probable 
African ancestry 

• HDL2 accounts for ~1% of all HD-negative 
cases tested in the USA

• “Frequency high in black South Africans 
and as common as HD”



ORIGIN OF HDL2
PREDISPOSING HAPLOTYPE

• HDL2 patients share extended haplotype 

– Strong evidence for founder effect

• Single origin of mutation

• Present in Africans & African-Americans

– Old sub-Saharan African mutation

»African slave trade to USA = 300 

years





• Predict time of diagnosis by age and CAG 
repeat length: 440 patients







• CAG repeats translate into a polyglutamine
(polyQ) stretch in the amino terminus of the 
huntingtin (htt) protein.

• Unusually long CAG stretches (>50)

– juvenile HD (JHD)

– more widespread pathology.



HD Genetics

• Spontaneous mutation rate?

• 10%

• HD range: > 36 repeats

• Parents and/or siblings of all confirmed 
new mutations had an allele size between 
27 and 35 CAG repeats.

• : “intermediate alleles”



LRRK2 (PARK8)

Why late onset?



• CNS has extra capacity before symptoms 
manifest

• Compensation: upregulation (certainly in 
PD)

• Use of symptoms to detect AAO is 
arbitrary



'one-hit' biochemical model

• Mutation imposes a mutant steady state 
on the neuron

• A single event randomly initiates cell 
death.



• HD mutation reduces the overall viability of 
cells, ↑ susceptible to apparently random 
stresses. 

• Cumulative cell loss over time eventually 
uses up the nervous system’s excess 
capacity/exceeds its mechanisms to cope 
with cell loss.

• Aging may further reduce the overall ability 
of cells to withstand random stresses



HD:  proteopathy

• Accumulation of mutant protein, HTT

• Toxic gain of function (vz synuclein)

– polyglutamines will begin to aggregate, 

initially by forming dimers, trimers, and 

oligomers, deposited in large inclusion bodies 

in the nucleus, cytoplasm, and processes of 

neurons.

– IBs contain chaperones, ubiquitin, 

proteasome subunits.



Pathogenesis:

• Functions of HTT not fully understood

• Cytoplasmic protein 

• HTT important in regulation of vesicle 
transport and recycling via interactions 
with HAP’s (Huntington-associated 
protein) and dynein.



HDL2



CLINICAL COMPARISON OF 
HD AND HDL2

• HDL2  two clinical  presentations:
– Probably reflect opposite ends of a spectrum

• Weight loss and poor coordination, with fairly rapid 
development of rigidity, bradykinesia and dystonia

– Similar to juvenile-onset Huntington
– Chorea may be mild

• Chorea with a somewhat less rapidly progressive course. 
– Corresponds to typical HD
– Onset is generally in the fifth decade and beyond 

http://www.ncbi.nlm.nih.gov/books/NBK1529/







Genetics of HDL2

– CAG/CTG repeat expansion in JPH3 

(junctophilin 3) (Holmes et al. 2001)

– Normal 8-28 repeats, disease 40-59 repeats

• Junctional complexes between the plasma 

membrane and endoplasmic/sarcoplasmic 

reticulum-mediate cross talk between cell surface 

and intracellular ion channels. 

Longer repeat 

correlates with 

younger age of onset



SCA 17



Spinocerebellar ataxia 17(HDL4)

• SCA17 presents with a variable combination of:

–Ataxia (commonest typical presentation)

–Dementia,psychiatric features, chorea

–Dystonia

–Oculomotor abnormalities common (like HD)

–Epilepsy



Video 1 – HD-like SCA17 family 
(Schneider et al 2006)



T2-weighted axial brain MRI in SCA17

• Imaging useful as commonly shows cerebellar atrophy

• Putaminal signal change reported (Loy et al. 2005)



Genetics of SCA17

• Autosomal dominant

• CAA/CAG repeat expansion in the TBP (TATA binding 
protein) (Koide et al. 1999)

• Disease range is >43 CAG repeats

• Similar intergenerational instability to HD:
anticipation, especially with paternal transmission 
(Rasmussen et al. 2007, Gao et al. 2008)

• Reduced penetrance range reported: 44-48 repeats in 
asymptomatic mutation-transmitting parents
(Zulkhe et al. 2003, Oda et al. 2004)



Pure CAG  // or CAA interruptions

• Higher the number of repeats, the more unstable.

• Pure trinucleotide repeats are more prone to 

expand and/or contract than repeats interrupted 

by distinct trinucleotides.

• CAA interruptions might serve as a limiting 

element for further expansion of CAG repeats in 

SCA17 locus 

• Molecular basis for lack of anticipation in SCA17 

families with interrupted CAG expansion.



Pathology and pathogenesis of SCA17 

• TBP positive intranuclear

inclusions

H&E Ubiquitin

1C2 TBP

Putamen Putamen

Cortex Putamen



Heterogeneity of HD phenocopies
• 285 subjects who tested negative for HD

• Screened for 9 HD-like genetic disorders

• 5 cases of SCA17, 1 prion disease,1 HDL2 and 1 Friedreich’s ataxia

• Reviewed all published HD phenocopy series, and pooled the data 
which are schematically illustrated below:

(Wild et al. 2008)



Approach to genetic testing of the 
choreic patient

HD SCA17

Ataxia
SCA1-3

Friedreich’s

Myoclonus/

dementia

Prion

Mitochondrial

African

heritage HDL2

Seizures DRPLA

Blood film

abnormal

Neuro-

acanthocytosis

MRI

abnormal

Neuroferritinopathy

NBIA/PKAN

Negative Negative

(Wild and Tabrizi 2007)



DYSTONIA





Dominantly inherited, early-

onset dystonia
• Mutations in the 

– TOR1A11 (DYT1) or 

– THAP112 (DYT6) gene. 

– Penetrance of mutations in both these genes 

is markedly reduced, as low as 30%.



DYT11

• Myoclonus-Dystonia

• “Essential myoclonus & alcohol-sensitive 
myoclonic dystonia”

• Mutations in the epsilon- sarcoglycan
(SGCE) gene

• Childhood onset

• Responsive to alcohol

• Upper body: dystonia largely neck and writer’s 

cramp



• Neuropsychiatric disease

• Depression, anxiety, compulsive obses-
sive disorders, addictive behavior or, more 
rarely, psychosis





• Important because of DBS









• Family history (only in 50% in one series)

• Reduced penetrance on maternal 
transmission of the disease allele:  
maternal genomic imprinting of the SGCE 
gene.

• Majority of affected individuals inherit their 
disease gene from their fathers, whereas 
those inheriting the mutated allele from 
their mothers will likely remain unaffected 
throughout their lives





Testing

• Young age at onset of motor symptoms, 
especially in association with psychiatric 
disturbance, are strongly predictive for 
SGCE positivity



DYT5: Dopa-Responsive 

Dystonia



Dopa-responsive dystonia (DRD)

• Usually presents in early childhood as dystonia 

of the lower limbs 

• Dramatic and sustained response to low doses 

of levodopa therapy. 

• AD inheritance with reduced penetrance.



DRD

• C14q

• Mutations in GTP cyclohydrolase gene: 

– GCH1 is the rate limiting enzyme in the 

conversion of GTP to tetrahydrobiopterin

(BH4), a cofactor for tyrosine hydroxylase.

• TOHase: the rate-limiting step for 
dopamine synthesis







DRD: what is the spectrum?





• DYT1: Mutations in TorsinA have been shown to 

disturb the endoplasmic reticulum, the nuclear 

envelope, and/or cytoskeletal dynamics

• Link between dystonia and the cytoskeleton: 

mutations in the tubulin TUBB4 (DYT4)

• SGCE (DYT11): considered part of the 

dystrophin-glycoprotein complex that links the 

cytoskeleton to the extracellular matrix







Young Onset PD: 21-40

• Tends to be genetic

• Commonest: Parkin mutations 

– nearly 80% of patients with onset < 30 years.



alpha-Synuclein (PARK1, PARK4) 

Parkin (PARK2)

PINK1 (PARK6)

DJ-1 (PARK7)

LRRK2 (PARK8)



Mutations in parkin gene (>100)

12 EXONS

Point mutations

Whole exon

deletions &

insertions

Hedrich et al. Mov Disord 2004• Involved in protein degradation pathway

Parkin (PARK2)



Results

Homozygous whole exon deletions

Exon 4 deleted

AAO both 27 years

Prominent dystonia

Exons 3 & 4 deleted

Mixed ancestry 

AAO 27 years

Foot dystonia/ mild symptoms

Parkin (PARK2)





M432V

M432V



SCA

• Extrapyramidal features may occur as a 
prominent sign in SCA2, SCA3, SCA8,and 
SCA17 or as a mild, additional feature in 
SCA6.

• SCA2 mutations, a CAG/CAA repeat, may 
cause classical, L-dopa-responsive PD

• Asian origin: 10% of familial parkinsonism

• SCA3: typically have peripheral 
neuropathy & spasticity



SCA6



alpha-Synuclein (PARK1, PARK4) 

Parkin (PARK2)

PINK1 (PARK6)

DJ-1 (PARK7)

LRRK2 (PARK8)



• Synuclein: 

– gene dosage

– A53T mutation is associated with an 

approximately 10-year earlier age at onset 

than the other 3 known missense mutations

– No gene dosage: carriers of heterozygous vs

homozygous leucine-rich repeat kinase 2 

(LRRK2) mutations 6.

– No genotype-phenotype correlation emerged 

in a recent meta-analysis of>1000 Parkin 

mutation carriers.



Figure 1. Penetrance of the G2019S mutation from three separate studies.

Kachergus ; Healey  --- ;         Latourelle 

LRRK2 (PARK8)

Major risk factor= age



Rare and recessive

• ATP13A2 (PARK9)

• PLA2G6 (PARK14)

• FBXO7 (PARK15)

• Very early onset (<30 years) 

• Atypical clinical features (e.g., pyramidal, 
dystonic, ocular movement, and cognitive 
disturbances).



GBA mutations

• AR disorder, Gaucher disease (GD), is a 

lysosomal storage disorder caused by mutation of 

the gene encoding glucocerebrosidase (GBA). 

• Report indicated that GD patients may also 

infrequently display signs and symptoms of 

parkinsonism.

• Carriers of a single GBA mutation appeared to be 

at a much higher risk for PD.



GD

• Large meta-analysis of sequencing studies 
clearly showed that a single GBA mutation 
increases risk for PD by approximately 5-
fold.



Exome Sequencing

• Swiss kindred: AD late-onset PD

• Mutations in the gene for vacuolar protein 
sorting 35 (VPS35 c.1858G>A; Asp620Asn). 

• VPS35 is a central component of the tripartite 
retromer cargo-recognition complex, involved 
in recycling membrane proteins. 



Secretory pathway for proteins being targeted to 

different destinations



GWAS

• SNCA: risk variants 

• Nominal association between alleles of the 
REP1 polymorphism in the promoter 
region of SNCA, & risk for disease.

• (1.4 x risk)



GWAS

• LRRK2: risk variants 

• ? mutation (p.G2385R) in Taiwanese 
family.

• Relatively common in the general Asian 
population

• 2-fold increase in risk for PD.



GWAS

• Most recent analysis includes data on 
more than 12,000 cases// 20,000 controls

• Evidence for 16 independent risk loci

• Alleles at each of the loci represent small 
risk or protective factors, conferring 1.1- to 
1.4-fold increases in risk.

• (equally, protective alleles)
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• Even the sum of all genetic variability 
detected so far probably accounts for not 
more than 10% to 20% of attributable risk 
in most populations.




