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Traditionally genetic disorders have been linked to the ‘one gene-one protein-one 

disease’ hypothesis. However recent advances in the field of molecular biology and 

biotechnology have afforded us the opportunity to greatly expand our knowledge of   

genetics, and we now know that the mechanisms of inherited disorders are often 

significantly more complex, and consequently, much more intriguing, than originally 

thought. 

 

Classical mendelian disorders with relatively simple genetic mechanisms do exist, but 

turn out to be far more rare than originally thought. All patients with sickle cell disease 

for example, carry the same A-to-T point mutation in the sixth codon of the beta globin 

gene. This results in a glutamate to valine substitution which changes the shape and the 

function of the globin molecule in a predictable way. Similarly, all patients with 

achondroplasia have a single base pair substitution at nucleotide #1138 of the FGFR3 

gene. On the other hand, another common inherited disorder, cystic fibrosis, is known to 

result from changes in a specific transmembrane receptor (CFTR), but over 1000 

different disease-causing mutations have been reported in this single gene. Since most 

commercial labs only test for between 23-100 different mutations, interpreting CFTR 

mutation testing is significantly complicated by the known risk of false negative results. 

 

Many examples of complex, or non-Mendelian, inheritance are now known to exist and 

include disorders of trinucleotide repeats, errors in imprinting, and gene dosage effects. 

In addition the ‘one gene-one protein-one disease hypothesis’ must be updated as 

multiple examples exist of one gene coding for multiple different proteins which can 

result in several varied disorders. We also now know that mutations in the same gene can 

result in more than one disorder, and, that a single clinical disorder can be caused by 

mutations in any one of several genes. 

 

The following clinical syndromes will be presented, with a discussion of what is currently 

known about the complex, or non-traditional, genetic mechanisms specific to each 

disorder. 

 

1. Fragile X syndrome is an X-linked semi-dominant disorder caused by expansions 

of the CGG trinucleotide repeat within the FMR-1 gene. Expansions of greater 

than 200 repeats are known to turn off FMR-1 expression and result in mental 

retardation. Smaller expansions (pre-mutations) are now known to cause a tremor-



ataxia syndrome in otherwise normal adult males, and premature ovarian failure 

in females. 

 

2. Spinal Muscular Atrophy (SMA) is an autosomal recessive disorder causing 

degeneration and loss of the lower motor neurons and is characterized by 

progressive muscle weakness. Type I which represents 70% of SMA presents 

within the first few months of life, and causes death by one to two years of age. 

Type II and Type III are progressively milder forms of the same disease with later 

onset and longer life spans. Originally, it was assumed that different genetic 

mutations would be responsible for the different sub-types of SMA. However it is 

now known that the same mutation (deletion of exons 7 and 8 in the SMN1 gene) 

causes all three types of SMA, and that the typical deletion test alone cannot 

predict prognosis for a family. Very recently it has been found that another gene, 

SMN2, plays the critical role in determining the severity of SMA. SMN2 lies in 

tandem to SMN1, and differs from it in only 5 nucleotides. However the SMN2 

protein lacks exon7, and is therefore much less stable than SMN1. Patients with 3 

or more copies of the SMN2 gene will make enough protein to mitigate the effects 

of the SMN1 mutations, and will escape the infantile lethal form of this disease. 

 

3. Errors in Imprinting: Beckwith Wiedemann syndrome and Silver Russell 

syndrome. Genomic imprinting appears to be a mammal-specific phenomenon 

whereby differential gene expression according to parent of origin has evolved as 

a means to regulate many complex pathways related to growth, metabolism, and 

neurologic development. Imprinting is accomplished by an epigenetic mechanism 

involving, for example, methylation of specific sequences, without changing the 

underlying genetic code. This process occurs with very specific timing in relation 

to development of an embryo and is reset in the sex-specific gametes of each 

individual. Epigenetic deregulation of the imprinting process is the cause of 

specific genetic syndromes, many of which show alterations in growth, 

metabolism, and neurologic development. In fact, it has been demonstrated that 

alterations of a single imprinting control region (IGF2/H19) can lead to opposite 

disorders of congenital growth (Beckwith-Wiedemann syndrome and Silver-

Russell syndrome). Recently, it has been suggested that the use of assisted 

reproductive techniques such as in vitro fertilization may heighten the 

susceptibility of embryos to epigenetic deregulation, leading to increased risk for 

certain imprinting disorders. 

  

4. Progeria and the Laminopathies. Hutchingson-Gilford progeria syndrome is 

characterized by profound failure to thrive, typical facies, alopecia, and some 

features of accelerated aging including loss of subcutaneous fat, stiffness of joints, 

bony changes, and atherosclerosis. Mental and motor development are usually 

normal. Average life span is 13 years, and death is usually secondary to coronary 

artery or cerebrovascular disease. Patients with progeria have recently been 

shown to carry the same single nucleotide change in exon 11 of the LMNA gene. 

This G608G substitution does not change the amino acid structure of the protein, 

but does change the splice site within the exon. Interestingly, multiple distinctly 



different conditions are also now known to be caused by mutations in the same 

gene and include 

-autosomal dominant Emery-Dreifuss muscular dystrophy 

-autosomal recessive Emery-Dreifuss muscular dystrophy 

-autosomal dominant familial dilated cardiomyopathy and conduction 

system defects 

-autosomal dominant Dunnigan-type familial partial lipodystrophy 

-autosomal dominant limb-girdle muscular dystrophy 

-autosomal recessive Charcot Marie Tooth disease 2B1 

-autosomal recessive mandibuloacral dysplasia 

-Atypical Werner syndrome 

 

5. RAS pathway: Noonan syndrome, Costello syndrome, Cardio-facio-cutaneous 

syndrome, Neurofibromatosis type 1. The RAS-RAF-ERK-MAP kinase pathway 

is a well studied, highly conserved cascade important in growth factor and 

cytokine signaling. Output from this pathway will in part determine whether cells 

will proliferate, differentiate, or die. It has long been known that somatic 

mutations in the RAS pathway are seen in multiple malignancies such as 

adenocarcinomas of the pancreas, colon and lung, tumors of the thyroid and 

bladder, and in myeloid leukemia. More recently it was determined that germline 

mutations in this same pathway lead to abnormalities in embryonic development, 

resulting in a group of overlapping syndromes characterized by neuro-cardio-

facial-cutaneous findings. Interestingly, most, but not all, of these syndromes have 

tumor predisposition, likely as a result of the same abnormalities in growth 

signaling seen in cancer patients with the acquired RAS mutations. 

-Noonan syndrome is characterized by typical facial features, congenital 

heart defects, short stature, webbed neck and developmental delay of 

varying degrees. Patients are known to have mutations in a number of 

RAS pathway genes including PTPN11, KRAS, SOS1 and RAF1. 

-Costello syndrome is characterized by prenatal overgrowth, postnatal 

failure to thrive, typical facies, congenital heart disease including 

hypertrophic cardiomyopathy, short stature, mental retardation, deep 

palmar and plantar creases, nasal and peri-anal papillomata and an 

increased risk for tumors including rhabdomyosarcoma and bladder 

carcinoma. Costello syndrome is known to be caused by mutations in the 

HRAS gene.  

-Cardio-facial-cutaneous syndrome (CFC) is characterized by congenital 

heart disease, typical facies, and multiple skin anomalies including 

hyperkeratosis, ichthyosis, keratosis pilaris, and eczema. All patients have 

developmental delay. An increased risk for tumors has not been reported. 

CFC is known to be caused by mutations in BRAF, MAP2K1, MAP2K2 

and KRAS. 

-Neurofibromatosis, type 1 (NF-1)  is characterized by pigmentary 

anomalies and a variety of benign and malignant tumors. Patients are at 

risk for neurologic complications, short stature and macrocephaly. NF-1 is 



caused by mutations in the NF-1 gene and its protein product, 

neurofibromin, is a RAS GTPase-activating protein. 
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