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Source: http://omim.org/statistics/entry

Human monogenic (Mendelian) disorders with 
a known molecular genetic cause: 
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 1990:         150 

 2024:  > 6´700
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Mendelian disorders: identification of  genes

Online Mendelian Inheritance in Man (OMIM®)
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Disease Mode of 
inheritance

Gene Location of 
repeat

Repeat 
sequence

Unaffected Intermediate or 
grey zone

Affected

Very large expansions outside coding sequences mutable normal 
reduced penetr.

Fragile X XL FMR1 5' UTR CGG 5-44 45-54

55-200 >200

Friedreich ataxia AR FXN intron 1 GAA 5-33 34-65 66 or more than 
1500

Myotonic dystrophy AD DMPK 3' UTR CTG 5-34 35-49 >49

Spinocerebellar ataxia 8 
(SCA8) AD ATXN8OS, 

ATXN8 3' UTR, CTG, CAG 15-50 50-70? >70

Moderate expansions within coding sequences

Huntington disease AD HTT exon 1 CAG <26 27-35

36-39

>39

Kennedy disease (SBMA) XR AR exon 1 CAG <35 36-37 >37

SCA1 AD ATXN1 exon 8 CAG 6-44 36-38

39-44

>39

SCA2 AD ATXN2 exon 1 CAG <32 >31

SCA6 AD CACNA1A exon 47 CAG <19 19 20-33

SCA7 AD ATXN7 exon 3 CAG <20 28-33

34-36

>36

(up to 460)

Machado-Joseph disease AD ATXN3 exon 10 CAG <44 45-51 52-86

DRPLA AD ATN1 exon 5 CAG 6-35 20-35 >47
W. Berger, March 2012 (source: Gene Reviews @ NCBI)

Repeat expansion diseases
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Frequency: 

1 : 4000 (males) – 1 : 6000 (females) 

Clinic: 

• developmental delays (learning difficulties up to severe 
intellectual disability) 

• seizures in about 25% of  affected patients 

• macroorchidism, characteristic / striking face 
appearance (large and prominent ears) -> craniofacial 
features 

• behavioral abnormalities (autistic behavior, ADHS: 
attention deficit/hyperactivity syndrome)

Fragile X Syndrome
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Genetics:  

• X-linked, FMR1 gene in Xq28 

• triplett expansion in first exon of  FMR1 

• point mutations are extremely rare

Fragile X Syndrome
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Fragile X Syndrome
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CGG expansion in FMR1

normal allele:   n = 5 - 44

premutation:   n = 55 - 200

full mutation:   n = >200 bis >1000

genetic testing: PCR, Southern-Blot

intermediate allele:  n = 45 - 54
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CGG expansion in FMR1

Fragile X Syndrome
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Southern Blot Analyse:
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inactive X chromos. 
(methylated)

active X chromos. 
(unmethylated)

repeat expansions 
(methylated)
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Source: Gene Clinics @ NCBI

Risk of expansion in maternal transmission
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Gene Clinics / Gene Reviews
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Fragile X-associated tremor/ataxia syndrome (FXTAS) 

• presence of a premutation in FMR1  

• white matter lesions on MRI in the middle cerebellar peduncles and/or brain stem 
(the major neuroradiologic sign) with either intention tremor or gait ataxia (the two 
major clinical signs)  

• other minor clinical criteria include parkinsonism, moderate to severe working 
memory deficits, or executive cognitive function deficits 

FMR1-related premature ovarian failure (POF / POI) 

• cessation of menses before age 40 years in a woman with an FMR1 premutation

Other FMR1-related diseases
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Source: Gene Reviews at NCBI

Other FMR1-related diseases
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Clinical testing for FMR1 expansion

Source: Gene Clinics @ NCBI

FXTAS POI / POF

FX Autism 
ID
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Frequency: 
1 in 10´000 

Clinical characteristics: 
• most frequent neuromuscular disease 
• first symptoms in adolescence or adulthood but also 

congenital forms 
• progressive disease course 
• accompanying symptoms: cataract, intellectual disability

Myotonic Dystrophy (Curschmann-Steinert)

BIO 388  |  April 29th 2024  |  Prof. Wolfgang Berger

Institute of  Medical Molecular Genetics

Genetics:  
• autosomal dominant inheritance 

• DMPK gene, chromosome 19q13.3 

• triplet expansion in 3´-UTR of DMPK

Myotonic Dystrophy (Curschmann-Steinert)
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Inheritance

Gene Location of 
repeat

Repeat sequence Unaffected Intermediate or 
grey zone

Affected

Very large expansions outside coding sequences mutable normal

reduced penetr.

Fragile X XL FMR1 5' UTR CGG 5-44 45-54

55-200 >200

Friedreich ataxia AR FXN intron 1 GAA 5-33 34-65 66 or more than 
1500

Myotonic 
dystrophy AD DMPK 3' UTR CTG 5-34 35-49 >49

Spinocerebellar 
ataxia 8 (SCA8) AD ATXN8OS, 

ATXN8 3' UTR, CTG, CAG 15-50 50-70? >70

Moderate expansions within coding sequences

Huntington 
disease AD HTT exon 1 CAG <26 27-35


36-39 >39

Kennedy disease 
(SBMA) XR AR exon 1 CAG <35 36-37 >37

SCA1 AD ATXN1 exon 8 CAG 6-44 36-38

39-44 >39

SCA2 AD ATXN2 exon 1 CAG <32 >31

SCA6 AD CACNA1A exon 47 CAG <19 19 20-33

SCA7 AD ATXN7 exon 3 CAG <20 28-33

34-36

>36

(up to 460)

Machado-Joseph 
disease AD ATXN3 exon 10 CAG <44 45-51 52-86

DRPLA AD ATN1 exon 5 CAG 6-35 20-35 >47

W. Berger, March 2012 (source: Gene Reviews @ NCBI)
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Southern-Blot, BglI

- 3.4 kbp (normal allele # 19)

- expanded alleles

kbp

3

4

5

6

7

60-70

350-600

150

800-1200

Myotonic Dystrophy (Curschmann-Steinert)
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Source: Gene Clinics @ NCBI

Correlation between repeat number and symptoms
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Frequency: 
1 : 8,000 (type 1 and 2) 

Symptoms: 
- myotonia (90% of affected individuals) and muscle 

dysfunction (weakness, pain, and stiffness) in >80% 
- less common: cardiac conduction defects 
- posterior subcapsular cataracts 
- insulin insensitive type 2 diabetes mellitus 
- testicular failure

Myotonic Dystrophy Type 2
Proximal Myotonic Myopathy (PROMM)
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Repeat expansion: 

- CNBP (zinc finger protein 9, ZNF9) is the only gene known to be associated 
with myotonic dystrophy type 2 

- CNBP intron 1 contains a complex repeat motif: (TG)n(TCTG)n(CCTG)n 

- expansion of the CCTG repeat causes DM2 

- the number of CCTG repeats in expanded alleles ranges from approximately 
75 to more than 11,000 with a mean of approximately 5000 repeats 

- the detection rate of a CNBP CCTG expansion is more than 99% with the 
combination of routine PCR and Southern blot analysis

Myotonic Dystrophy Type 2
Proximal Myotonic Myopathy (PROMM)
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Frequency: 

~ 1 : 30'000 

Clinic: 

‣ disease manifestation in the 35th - 45th year of  life  

‣ movement disorders 

‣ change in behaviour and personality (psychiatric 
abnormalities) 

‣ cognitive impairment 

‣ reduced life span  
(40% of  all choreatics die in the first 10 years of  illness, a further 30% after 
a maximum of  15 years of  illness) 

Chorea Huntington (Veitstanz)
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Genetics:  

‣  autosomal dominant mode of  inheritance 

‣  IT15 gene (huntingtin), chromosome 4p16.3 

‣  triplet expansion (CAG) in the translated region 

            -> polyglutamine disease 

Anticipation:  

Earlier age of  onset and increase in severity in 
subsequent generations 

Chorea Huntington (Veitstanz)
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Genetic testing:  

‣ always as integrated part of a genetic counselling session 

‣ issue of pre-symptomatic/prenatal molecular genetic testing 

‣ guidelines for carrying out molecular genetic diagnostics must 
be followed

Gene Clinics @ NCBI: 

normal:  up to 26 CAGs 
intermediate: 27-35 CAGs (risk for children) 
disease causing: 36 or more CAGs 

  36-39 CAGs:  reduced penetrance 
  40 or more CAGs:  full penetrance

Chorea Huntington (Veitstanz)
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Exons: 67; Transcript length: 13,475 bps; Translation length: 3,142 residues 
Genomic size: 170 kbp 

amino acid position 18

Chorea Huntington (Veitstanz)
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Source: Gene Reviews at NCBI

Chorea Huntington (Veitstanz)
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*1980 
(42 y)

*1987 
(35 y)

counselee

Chorea Huntington (Veitstanz)
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18, 31

18, 42

Number of CAGs 
(+/- 1 Triplett)

20, 41

PCR fragment analysis:

18, 49

100 150 200 250 bp

Size marker

Father, affected

Mother

Son, affected

Daughter?

>35 CAGs

Chorea Huntington (Veitstanz)
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20 / 41 18 / 31

18 / 42 18 / 49

counselee

Chorea Huntington (Veitstanz)
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counselee: 
28 years old, 
pregnant, 
wants PD but 
no pre-symptomatic 
diagnosis for herselft

embryo 
(12th week of gestation)

?

prenatal testing and the right not to know

Chorea Huntington (Veitstanz)
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?

prenatal testing

A1 / A1

A3 / A4 A1 / A2

A2 / A2

A1 / A3 A1 / A4

A2 / A3 A2 / A4

non-disclosure PD / PID

Chorea Huntington (Veitstanz)

counselee: 
28 years old, 
pregnant, 
wants PD but 
no pre-symptomatic 
diagnosis for herselft

embryo 
(12th week of gestation)
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Definition:  
Earlier age of onset of the disease, more 
severe symptoms and disease progression in 
successive generations.

Anticipation

CH/HD: Inverse correlation of  repeat length and age of  onset! 
 (The longer the expansion, the earlier the disease onset.)
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Frequency:  ~ 1 : 25´000 - 50´000 

Clinical manifestations and symptoms: 

‣ slowly progressive ataxia with onset usually before age 25 years (mean 
age at onset: 10-15 yrs) 

‣ typically associated with dysarthria, muscle weakness, spasticity 
(particularly in the lower limbs), scoliosis, bladder dysfunction, absent 
lower-limb reflexes, loss of  position and vibration sense 

‣ approximately two thirds of  individuals with FRDA have cardiomyopathy 

‣ up to 30% have diabetes mellitus 

‣ change in behaviour, dementia

Friedreich Ataxia (FRDA)
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Genetics:  

‣ autosomal recessive mode of  inheritance  

‣ FRDA gene (frataxin, FXN), chromosome 9q13 

‣ triplet expansion (GAA) in the first intron of  the FRDA 
gene 

❖ normal range: 5-33 GAAs 
❖ premutation: 34-65 
❖ pathological: from 66 to >1700 GAAs 

‣ expansion in both alleles in more than 95% of  patients,  
in 4% only in one allele, point mutations rare

Friedreich Ataxia (FRDA)



BIO 388  |  April 29th 2024  |  Prof. Wolfgang Berger

Institute of  Medical Molecular Genetics

Disease Mode of 
inheritance

Gene Location of 
repeat

Repeat 
sequence

Unaffected Intermediate or 
grey zone

Affected

Very large expansions outside coding sequences mutable normal 
reduced penetr.

Fragile X XL FMR1 5' UTR CGG 5-44 45-54

55-200 >200

Friedreich ataxia AR FXN intron 1 GAA 5-33 34-65 66 or more than 
1500

Myotonic dystrophy AD DMPK 3' UTR CTG 5-34 35-49 >49

Spinocerebellar ataxia 8 
(SCA8) AD ATXN8OS, 

ATXN8 3' UTR, CTG, CAG 15-50 50-70? >70

Moderate expansions within coding sequences

Huntington disease AD HTT exon 1 CAG <26 27-35

36-39

>39

Kennedy disease (SBMA) XR AR exon 1 CAG <35 36-37 >37

SCA1 AD ATXN1 exon 8 CAG 6-44 36-38

39-44

>39

SCA2 AD ATXN2 exon 1 CAG <32 >31

SCA6 AD CACNA1A exon 47 CAG <19 19 20-33

SCA7 AD ATXN7 exon 3 CAG <20 28-33

34-36

>36

(up to 460)

Machado-Joseph disease AD ATXN3 exon 10 CAG <44 45-51 52-86

DRPLA AD ATN1 exon 5 CAG 6-35 20-35 >47

W. Berger, March 2012 (source: Gene Reviews @ NCBI)

Repeat expansion diseases
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5.6 kbp

8.2 kbp (~ 800 – 900 GAAs)

6.8 kbp (~ 400 GAAs)

Detection of  repeat expansions upon Southern blot analysis

N P

Friedreich Ataxie (FRDA)
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‣ triplets: CGG, CTG, CAG, GAA


‣ in coding region of genes (Huntingtin) as well as in 5´ or 3´- 
untranslated regions (FMR1, DMPK) but also in introns (FXN)


‣ large expansions (> 200 – 1000 triplets)


‣ moderate expansions (< 100 triplets)


‣ testing approaches: Southern-blot and/or PCR


‣ reliable size estimationof large expansions requires Southern-
blot analysis

Triplet Expansions
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Definition:  parent-of-origin-specific gene expression 
  (either maternal or paternal gene  
  is expressed) 

first observation of imprinting effects in 1984 (Solter/Surani): 

  pronucleus transplantation experiments 
  in mouse 

  2 paternal genomes or 2 maternal genomes

Genomic Imprinting
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fertilized oocyte 2 paternal genomes 2 maternal genomes

normal embryonic 
development

no embryo 

normal development 
of extra-embryonic 

tissues

no extra-embryonic 
tissues 

beginning embryonic 
development

Pronucleus Injection Experiments
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biallelic gene expression 
(maternal and paternal allele)

maternal gene expression 
(paternal allele inactive / silenced)

paternal gene expression 
(maternal allele inactive / silenced)



BIO 388  |  April 29th 2024  |  Prof. Wolfgang Berger

Institute of  Medical Molecular Genetics

> 250 human genes are imprinted 

1991:  discovery of the first imprinted gene in mice 
 (IGF2R, insulin-like growth factor receptor) 

 maternally expressed, maternal deletion of  
 chromosome 13 is lethal 

imprinted regions in the human genome: 

 7q32 
 11p15.5 
 15q11-q13 

mechanisms: methylation, antisense RNA, ???

Genomic Imprinting
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IMPRINT is erased in the germ line and re-
established in a parent-of-origin-specific 
manner!

Genomic Imprinting
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Genomic Imprinting
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Reasons:

1. maternal or paternal deletions 

2. maternal or paternal uniparental disomies 

3. imprinting defects 

4. others (?)

Human Imprinting Diseases
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biallelic expression

maternal expression

paternal expression

* *

*

*
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maternal expression

gene product missing, because  
inactivity on the paternal allele

maternal deletion

*
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Uniparental Disomy (UPD)

Oocyte Sperm

paternal uniparental disomy (pUPD)

*

*
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A1 A2

A1

A2

Genotyping (allele discrimination of a DNA marker) 
Fragment analysis (capillary electrophoresis)
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A1 A2

A1 A2

A1 A2

A1 A2A1 A2

Segregation analysis of genetic markers (alleles)
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Segregation analysis of genetic markers
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Human Imprinting Diseases: 
Prader Willi Syndrome (PWS)

Prevalence:   1:10,000-22,000 

Symptoms:   muscle hypotonia, feeding difficulties 
   morbid obesisty 
   short stature 
   intellectual disability 
   genital hypoplasia (hypogonadism) 

   incomplete pubertal development 
         infertility (in most patients) 

    
Chromosome: 15q11.2-13.3

70% of individuals with PWS have a paternal deletion on chromosome 15 involving 
bands 15q11-q13 

> 99% of individuals with PWS have a diagnostic abnormality in the parent-specific 
methylation imprint
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Genetic testing in PWS

Source: Gene Reviews @ NCBI
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Source: Gene Reviews @ NCBI

Recurrence Risk in PWS (Counselling)
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Human Imprinting Diseases: 
Angelman Syndrome

Prevalence: 1:12,000-20,000, ´Happy Puppet Syndrome´ 

Symptoms:  atactic movements 
  severe speech impairment 

 severe developmental delay or   
 intellectual disability 
 frequent laughing, smiling, and excitability

Chromosome: 15q11-q13.3
parent-specific DNA methylation imprints in the 15q11.2-q13 chromosome region detects 
approximately 78% of individuals with AS (maternal deletions, paternal UPD, imprinting 
defect) 

UBE3A mutations in an additional approximately 11% of individuals, 1% have chromosome 
rearrangements, the remaining are unexplained
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Source: Gene Reviews @ NCBI

Recurrence Risk in AS (Counselling)
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Pedigree with Imprinting Defect


