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Deciphering the genetic basis 
of dystroglycanopathies:  

the beginning of the story. 
 



Gregor Mendel 1865.  
 
Between 1856 and 1863 he tested some  
29,000 pea plants (i.e., Pisum sativum).  

Genetics. The mendelian inheritance 

The three laws Mendel deduced seem common-sense 
now, but were radically new in his day:  
 
1. Law of Paired Factors: Traits come in pairs 

(alleles), and each parent contributes just one of 
the alleles.   

2. Law of Dominance: In a pair of genes (genotype), 
one allele will dominate the other and control the 
outward appearance (phenotype).   

3. Law of Segregation: Traits are inherited 
independently.  

http://en.wikipedia.org/wiki/Mendelian_inheritance


Gregor Mendel 1865. He was cited only 3 times in 35 years!!! 
 
 
After Charles Darwin (On the Origin of Species, 1859). 
 
Blending inheritance generally accepted.  
 
Saltationism vs Gradulamism.  
 
By 1900, research aimed at finding a successful theory of discontinuous inheritance rather than blending 

inheritance led to independent duplication of his work by Hugo de Vries and Carl Correns, and the 

rediscovery of Mendel's writings and laws. 
 

Willian Bateson begins to report a series of breeding experiments,  
conducted by his pupil, Miss E.R. Saunders, using the alpine  
brassica Biscutella laevigata in the Cambridge botanic gardens.  
 
Bateson was the first to suggest the word "genetics"  
(from the Greek gennō, γεννώ; to give birth) to describe  
the study of inheritance and the science of variation in  
a personal letter to Alan Sedgwick, dated April 18, 1905. 

Genetics. Mendel re-discovered 

http://en.wikipedia.org/wiki/Mendelian_inheritance


“There are good reasons for thinking that alkaptonuria is not the manifestation of a 
disease but is rather of the nature of an alternative course of metabolism, harmless 
and usually congenital and lifelong.” 

Garrod. Human genetics. 

1898, a woman brought her newborn baby to his 
clinic. It seemed healthy, but she had noticed that its 
diapers turned an alarming black.  
 
Garrod identified the condition as alkaptonuria, an 
exceedingly rare and essentially harmless condition 
believed at the time to be caused by a microbe.  
 
Garrod collected all the cases he could, mapped out 
pedigrees, and published a short note on it, 
suggesting that the high frequency within the 
families of his study could hardly be due to chance. 
 
Bateson read his paper and collaborated with him. 
 
Alkaptonuria was the frst human condition 
defined as a mendelian trait. 



Garrod’s Tetrad: 
 
• Alkaptonuria 
• Cystinuria 
• Pentosuria 
• Albinism 

Garrod. Human genetics. 



Garrod. Human genetics. 



Human Molecular Genetics. 

Walker 1942 WWS 

Raitta et al 1978 MEB 

Chung and Morton 1959 LGMD 

Fukuyama 1960 FCMD 

Warburg 1978 WWS 
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Mutations identification. 



The haploid human genome is  
3.2 billion base pairs long and  
contains about 23,000 distinct  
protein-coding genes. 
 
Only 1.5% of human genome  
codes for proteins,   
the rest consists of: 
  
• non-coding RNA genes,  
• regulatory sequences,  
• introns,  
• and noncoding DNA (once known as "junk DNA"). 

The Human Genome. 



Causative Gene Identification. 
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Recombination and positional cloning. 



Recombination. 

Let’s play a game: 
 
• Consanguineous family 
• Recombination 
• Positional cloning 
• polymorphisms 



Positional cloning. 



Positional cloning. 

They are polymorphisms 



BBS11 pedigree and shared haplotype.  
Chiang A P et al. PNAS 2006;103:6287-6292 

Positional cloning. 



FCMD and Fukutin 

More than 500 genes 



FCMD and Fukutin 

1998. Nature, 394:388-392. 



Causative Gene Identification. 

Identification of the  
Human Gene  

Mutated 

Map the region 
that contains it 

Candidate gene  
approach 

Fukutin 

clinical severity 

Fukutin 
Walker-Warburg 

WWS 
Muscle-Eye-Brain 

MEB 
Fukuyama CMD 

FCMD MDC1C/1D Limb-Girdle MD 
LGMD 



FKRP and CMD1D/LGMD 



Causative Gene Identification. 
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POMGnT1 and MEB 

Cormand B et al. Neurology 2001;56:1059-1069 



POMGnT1 and MEB 



Causative Gene Identification. 
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POMT1 and WWS 

10 consanguineous families tested 
More than one locus 
More than 2 loci 
Candidate gene approach 



Causative Gene Identification. 
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POMT2 and WWS 



Causative Gene Identification. 
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LARGE and MDC1D 



Causative Gene Identification. 
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The common link. Dystroglycan glycosylation. 



Nature Reviews Molecular Cell Biology 7, 762–773 ( 2006)  

Plasma membrane 
(Sarcolemma)  

myofibril 

Plasma membrane 
(Sarcolemma)  

Extracellular matrix 

Dystroglycan function 



Loss of α-Dystroglycan functional glycosylation results 
in congenital muscular dystrophy 

Normal Walker-Warburg syndrome (WWS) 
Muscle-eye-brain disease (MEB) 

Fukuyama congenital muscular dystrophy (FCMD) 
MDC1C/1D 

Limb girdle muscular dystrophy (LGMD)2I/2K/2M/2N 
 

Largemyd mouse Figure generated by Tobias Willer 



Dystroglycan and LGMD 



Causative Gene Identification. 
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Phenotype / Genotype spectrum in  
Dystroglycanopathy patients 
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Phenotype / Genotype spectrum in  
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6 known genes causing WWS: 

• POMT1 (9q34.1) 

• POMT2 (14q24.3) 

• POMGnT1 (1p34.1) 

• FKRP (19q13.32) 

• Fukutin (9q31) 

• LARGE1 (22q12.3) 

• dystroglycan (3p21.31) 

• ISPD (7p21.2)  

Walker-Warburg syndrome genes 

Until 2012 only 50% of dystroglycanopathy patients can be explained with known genes and can 
be provided with genetic diagnosis.  
Preliminary linkage data suggest ~ 5 additional candidate genes that still remain unidentified. 

Figure generated by Tobias Willer 
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Phenotype 

Findings 

Motor Function Eye 
Central Nervous System  Intellectual 

Disability / 
Epilepsy Cortex Cerebellum Brain Stem Hydro-cephalus 

Walker-
Warburg 
syndrome 
(WWS) 

Absent 
psychomotor 
acquisitions 

Severe 1 Cobblestone 
lissencephaly Very hypoplastic Severely 

hypoplastic Constant Severe 

Muscle-eye-
brain (MEB) 
disease 

Ambulation may 
be acquired Common 2 

Frontoparietal 
pachygyria; 
polymicrogyria 

Vermis 
hypoplasia, cyst, 
dysplastic 

Usually 
hypoplastic Common 

Severe 
intellectual 
disability; 
refractory 
epilepsy; 
behavioral 
problems 

Fukuyama CMD 
(FCMD) 

Ambulation may 
be acquired Variable / mild 

Variable (from 
normal or only 
simplification of 
gyri to severe) 

Hypoplasia, 
cysts, 
polymicrogyria 

Usually normal Rare Moderate 

Intermediate 
phenotypes 
(MDC1D, CRB-
CMD) 

Ambulation may 
be acquired Rare / mild Variable Variable Variable Variable Mild to moderate 

CMD with 
intellectual 
disability 

Ambulation may 
be acquired Rare / mild None None None None Mild to moderate 

CMD no 
intellectual 
disability 
(MDC1C) 

Ambulation may 
be acquired None / mild None None None None None 

Classification of Congenital Muscular 
Dystrophy with Glycosylation Defects 

From Sparks et al. Gene Reviews 2012  
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