FRACP 2002 Genetics

Question 1

Family with myoclonic (?myotonic) dystrophy, family tree shown, what pattern of inheritance best explains it:

(a) incomplete penetrance

(b) imprinting

(c) mitochondrial inheritance

(d) non paternity

(e) consanguinuity

MYOTONIC DYSTROPHY 

· most common form of muscular dystrophy among Caucasians
· prevalence approx 35 per 100,000 population
· incidence of 1 in 8,000
· multisystem disorder
· autosomal dominant inheritance with variable penetrance
Clinical aspects
Usually has onset in adolescence or adulthood; however, a neonatal form also occurs. The main clinical features of DM include the following:

· Myotonia (delayed muscle relaxation after contraction) 

· Weakness and wasting affecting facial muscles and distal limb muscles 

· Frontal balding (in males) 

· Cataracts 

· Cardiomyopathy with conduction defects 

· Multiple endocrinopathies 

· Low intelligence or dementia

· wasting of the masseter and temporal muscles (thin face)

· variable ptosis and facial diplegia

· sternocleidomastoid wasting (thin neck)

· +/-dysarthria, swallowing difficulties, and mild external ophthalmoplegia.

Myotonia can be an early symptom, demonstrated by percussion of muscles (usually of the thenar eminence) and by difficulty releasing the grasp. Later, progressive muscle weakness and wasting become the predominant features, thereby leading to severe distal weakness in the hands and feet.

Endocrinopathies include hyperinsulinism, rarely diabetes, infertility in women, testicular atrophy, and growth hormone secretion disturbances. Smooth and cardiac muscle involvement are usually expressed by disturbed gastrointestinal mobility and cardiac conduction defects, respectively.

The congenital form of the disease occurs in children born to mothers with myotonic dystrophy; some patients present with profound hypotonia at birth, occurring in association with facial diplegia, feeding, respiratory difficulties, and skeletal deformities (such as clubfeet). Neuroimaging frequently reveals ventriculomegaly. Later, during childhood, delayed developmental progression is noted.

Laboratory abnormalities — The EMG demonstrates myopathic potentials and myotonia. Muscle histology may reveal internal nuclei, type I fiber atrophy, and ring fibers.

Diagnosis
· Clinical features

· Family history

· EMG findings

· Muscle biopsy

· Identification of MD mutation – 100% accurate

Genetics

Two loci are associated with DM. Most cases are linked to DM(1), a smaller percentage to the DM(2) locus.

  DM(1) locus — The DM(1) locus was mapped by linkage analysis to chromosome 19q13.3. This genetic localization led to the identification of the genetic defect in DM, an amplified trinucleotide CTG repeat. This abnormality is located in the 3' untranslated region of a gene which putatively encodes a serine threonine protein kinase.

Although this CTG repeat is polymorphic, it is stable in normal individuals. By comparison, the repeat is unstable in DM chromosomes and can become extremely large. In normal individuals, the two alleles contain between 5 and 50 copies of the CTG repeat. Normal individuals with 38 to 49 copies of the repeat are classified in a borderline category, because of the small possibility of expansion of the CTG repeat in their offspring or family members.

Mildly affected individuals or asymptomatic permutation "carriers" have 50 to 99 CTG repeats, whereas severely affected subjects have between 100 to 2,000 or more copies (full mutation). To date, a large number of affected individuals have been assessed by both Southern blot and polymerase chain reaction (PCR); an increase in CTG copy number has been documented in over 99 percent of subjects.

Amplification of the CTG repeat has been proposed to be the molecular mechanism for genetic anticipation, the clinical phenotype of increasing disease severity with successive generations. Consistent with genetic anticipation, a positive correlation has been observed between an increased number of CTG repeats and earlier age of disease onset, as well as an increasing CTG copy number with successive generations. In addition, in a few families, a reduction in size of the trinucleotide repeat mutation has been observed during transmission, with a decrease in disease severity. It is not possible, however, to predict the age of onset of the disease in a particular patient on the basis of the CTG copy number.

For a given number of repeats (above 100), a wide range in disease severity may be observed. Nonetheless, infants with severe congenital DM, as well as their mothers, have (on average) a greater amplification of the CTG repeat. The greater the CTG repeat expansion in the mother, the higher the probability of a DM offspring being affected with the congenital form of the illness.

However, these findings fail to explain the exclusive maternal inheritance in cases of congenital DM. Genomic imprinting or the presence of a maternal intrauterine factor have been proposed as two possible mechanisms in this setting.

In most cases, the amplification is detectable by Southern blotting using DNA extracted from peripheral blood leukocytes. However, this type of analysis may fail to detect expansions in which the CTG copy number is less than 100 to 150; in some of these patients (who are usually mildly affected), analysis by polymerase chain reaction (PCR) is important. Conversely, some very large expansions may fail to amplify by PCR. Both techniques therefore need to be employed in the molecular diagnosis of DM.

  DM(2) locus — There are patients with a similar clinical phenotype but a normal DM(1) locus. In a subset of such individuals, a second site found on chromosome 3q21, the DM(2) locus, is associated with the disease. The change at this location is an expansion of a CCGT repeat in an intron of the zinc finger protein 9 gene. The size of the repeats is extremely variable, ranging from 75 to over 10,000. Although the expanded introns are transcribed, the exact downstream effects responsible for the clinical phenotype are unknown.

Treatment — The treatment of myotonic dystrophy is currently symptomatic. As patients develop distal weakness, braces for foot drop are usually helpful.

The myotonia frequently responds to medications that stabilize membranes. Of the available agents, mexiletine is preferable to phenytoin, carbamazepine, quinine, and procainamide. Procainamide and quinine, for example, can prolong conduction intervals, which are already abnormally prolonged in many patients with DM. However, the safety of mexiletine in children has also not been documented. Acetazolamide may also be helpful. Nevertheless, as these patients are primarily troubled by the weakness and less by the myotonia, they may benefit more from mechanical devices like ankle supports than from membrane stabilizers.
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(a) Incomplete Penetrance
Penetrance is the probability of expressing the phenotype given a defined genotype; it can be complete or incomplete. For example, hypertrophic obstructive cardiomyopathy (HOCM) caused by mutations in the myosin heavy chain β gene is a dominant disorder with clinical features in only a subset of patients who carry the mutation. Patients who have the mutation but no evidence of the disease can still transmit the disorder to subsequent generations. In this situation, the disorder is said to be nonpenetrant or incompletely penetrant. This classification depends to some degree on the criteria and techniques used for diagnosis. For disorders such as Huntington disease or familial amyotrophic lateral sclerosis, which present late in life, the rate of penetrance is influenced by the age at which the clinical assessment is performed. Imprinting can also modify the penetrance of a disease.

Reduced penetrance — Although autosomal dominant disorders are vertically transmitted, a person who carries an abnormal gene may not always have signs of the disease due to reduced penetrance. The penetrance of a disease is defined as the proportion of persons carrying a mutated gene who have the disease. If not everyone who carries the abnormal gene has the disease, the penetrance is less than 100 percent. In any one person, penetrance is all or none: either the person has the disease or does not.

The penetrance of some diseases is age-related, complicating the determination of true penetrance. Multiple endocrine neoplasia 1 (MEN 1) is an example of a disease in which the penetrance is age-related. It is characterized by parathyroid hyperplasia and pancreatic islet-cell and pituitary adenomas. It is due to a mutation in the menin gene on chromosome 11q13 [16,17]. In one study the age-related penetrance of MEN1 was 7 percent by age 10 years and nearly 100 percent by age 60 years [17].

(b)  Imprinting

Differential expression of genes on maternal and paternal chromosomes

Occurs during gametogenesis and is reversible

Gene is modified and thus gene expression changes

X-Inactivation, Imprinting, and Uniparental Disomy

According to traditional Mendelian principles, the parental origin of a mutant gene is irrelevant for the expression of the phenotype. Nonetheless, there are important exceptions to this rule. X-inactivation prevents the expression of most genes on one of the two X-chromosomes in every cell of a female. Gene inactivation also occurs on selected chromosomal regions of autosomes. This phenomenon, referred to as genomic imprinting, leads to preferential expression of an allele depending on its parental origin. It is of pathophysiologic importance in disorders where the transmission of disease is dependent on the sex of the transmitting parent and, thus, plays an important role in the expression of certain genetic disorders. Two classic examples are the Prader-Willi syndrome and Angelman syndrome (Chap. 66). Prader-Willi syndrome is characterized by diminished fetal activity, obesity, hypotonia, mental retardation, short stature, and hypogonadotropic hypogonadism. Deletions in the Prader-Willi syndrome occur exclusively on the paternal chromosome 15. In contrast, patients with Angelman syndrome, characterized by mental retardation, seizures, ataxia, and hypotonia, have deletions at the same site of chromosome 15; however, they are located on the maternal chromosome 15. These two syndromes may also result from uniparental disomy. In this case, the syndromes are not caused by deletions on chromosome 15 but by the inheritance of either two paternal chromosomes (Angelman syndrome), or two maternal chromosomes (Prader-Willi syndrome).

(c)  Mitochondrial inheritance

Exclusively maternal inheritance

Heterogeneous clinical picture

Disorders usually affect organs with high energy requirements (heart, brain, muscle)

Rare disorders

Each mitochondrion contains several copies of a circular chromosome. Mitochondrial DNA predominantly encodes transfer RNAs and proteins that are components of the respiratory chain involved in oxidative phosphorylation and ATP generation. The mitochondrial genome is inherited through the maternal line because sperm does not contribute significant cytoplasmic components to the zygote. All children from an affected mother will inherit the disease, but it will not be transmitted from an affected father to his children. During cell replication, the proportion of wild-type and mutant mitochondria can drift; differences in the fraction of defective mitochondria are referred to as heteroplasmia and explain, in part, the phenotypic variability that is common in mitochondrial diseases. For detailed discussion of mitochondrial disorders, see Chap. 67.
(e)  Consanguinuity

Autosomal recessive disorders are more common when there is consanguinity. This is because the parents are likely to carry the same mutation. In these cases, the affected child is usually homozygous for the mutation, rather than being compound heterozygous.

Unlikely to be non paternity as is an autosomal dominant disorder with variable penetrance.  Grandfather is the brother of an affected individual, and grandson is affected.  Given myotonic dystrophy is a rare disorder, it would be exceedingly rare for a second member to be sproradically affected.

Not mitochondrial inheritance because a male is in the chain and a male cannot pass disease onto offspring.

Consanguinuity plays a role mainly in autosomal recessive disorders and will not affect likelihood of a dominant disorder.

Most likely answer is (a), incomplete penetrance.

Question 2

Family with haemochromatosis.  Pedigree shown.  Told that the gene frequency in the population is 10%.  What is the risk that the son (arrowed) will get the disease?

(a) less than 1%

(b) 5%

(c) 20%

(d) 10%

(e) 50%

Hemochromatosis
· excess accumulation of iron, can lead to iron overload

· can result in cirrhosis, diabetes, cardiomyopathy, and arthritis

Two mutations in the HFE gene, C282Y and H63D, promote excess accumulation of iron

1. C282Y is the more severe mutation, and the C282Y/C282Y genotype accounts for the majority of clinically penetrant cases. But current data suggest that clinical disease does not develop in a substantial proportion of people with this genotype.
2. HFE genotypes C282Y/H63D and H63D/H63D are also at increased risk for iron overload, yet overall, disease is likely to develop in fewer than 1 percent of people with these genotypes. Thus, DNA-based tests for hemochromatosis identify a genetic risk rather than the disease itself.
Environmental factors such as diet and exposure to alcohol or other hepatotoxins may modify the clinical outcome in patients with hemochromatosis, and variations in other genes affecting iron metabolism may also be a factor. As a result, the clinical condition of iron overload is most reliably diagnosed on the basis of biochemical evidence of excess body iron. Whether it is beneficial to screen asymptomatic people for a genetic risk of iron overload is a matter of debate.
HH genotype and clinical disease — There is controversy concerning the percent of patients homozygous for the C282Y mutation who have clinically apparent disease. In general, homozygotes appear to have a 75 to 99 percent likelihood of being free of the signs and symptoms of hereditary hemochromatosis at the time of diagnosis.

· In a population based study of 3011 white adults of northern European ancestry, homozygosity for C282Y was detected in 16 (0.5 percent). All 16 had elevated transferrin saturation and all who underwent liver biopsy had hepatic iron concentrations above the upper limit of normal; however, only eight had clinical features of HH, including four with hepatic fibrosis.

· A larger screening study of over 41,000 adults attending a Kaiser Permanente health appraisal clinic in San Diego identified 152 individuals with the C282Y/C282Y genotype (0.4 percent). Only 1 of the 152 homozygotes fit criteria usually applied to the clinical diagnosis of HH, suggesting a penetrance of less than 1 percent.
Penetrance of 845G--> A (C282Y) HFE hereditary haemochromatosis mutation in the USA..   Beutler E. Felitti VJ. Koziol JA. Ho NJ. Gelbart T.

Lancet. 359(9302):211-8, 2002 Jan 19.

Abstract
BACKGROUND: There has been much interest in screening populations for disease-associated mutations. A favoured candidate has been the HFE gene, mutations of which are the most common cause of haemochromatosis in the European population. About five people in 1000 are homozygotes for the 845G-->A mutation, but little is known of how many have mutation-caused clinical manifestations. METHODS: We screened 41038 individuals attending a health appraisal clinic in the USA for the 845G--> A and 187C-->G HFE mutations, and analysed laboratory data and data on signs and symptoms of haemochromatosis as elicited by questionnaire. FINDINGS: The most common symptoms of haemochromatosis, including poor general health, diabetes, arthropathies, arrhythmias, impotence, and skin pigmentation were no more prevalent among the 152 identified homozygotes than among the controls. The age distribution of homozygotes and compound heterozygotes did not differ significantly from that of controls: there was no measurable loss of such individuals from the population during ageing. However, there was a significantly increased prevalence of a history of hepatitis or "liver trouble" among homozygotes and in the proportion of homozygotes with increased concentrations of serum aspartate aminotransferase and collagen IV; these changes were not related to iron burden or to age. Only one of the 152 homozygotes had signs and symptoms that would suggest a diagnosis of haemochromatosis. INTERPRETATION: The normal age distribution of people with the haemochromatosis genotype, and the lack of symptoms in patients of all ages, indicate that the penetrance of hereditary haemochromatosis is much lower than generally thought. The clinical penetrance of a disorder is an essential consideration in screening for genetic disease; disorders with low penetrance are more expensive candidates for screening than disorders with high penetrance. Our best estimate is that less than 1% of homozygotes develop frank clinical haemochromatosis.

Question 8

When performing southern blotting the following steps are taken.

1. separate DNA on gel

2. Transfer DNA from the gel to synthetic membrane

3. hybridise DNA to labelled probe

4. enzymatic digestion of DNA

In what order are these steps performed?

(a) 4, 3, 1, 2

(b) 4, 1, 2, 3

(c) 1, 2, 4, 3

(d) 3, 4, 1, 2

(e) 3, 1, 4, 2

Southern blotting – one of the standard techniques to determine the presence of a gene and its integrity. The method can be used to detect small mutations as well as large deletions, duplications and gene rearrangements.

1. genomic DNA is digested with one or more restriction endonucleases

2. gel electrophoresis

3. denatured with a strong alkali solution. By capillary action, the separated single-stranded DNA fragments are transferred and permanently bound to a membrane

4. This membrane is subsequently hybridized with a single-stranded radiolabeled probe, under conditions that facilitate double-strand formation between the probe and those fragments on the gel containing the complementary sequence.

5. Following hybridization, the membrane is washed to remove nonspecific background signal. When an autoradiographic film is exposed to the membrane and developed, the hybridized sequences become visible as bands. The location of each of these corresponds to the size of the fragment to which the probe is bound (show figure 4).
Advantages of this method are:

· can detect a wide range of mutations, including large structural rearrangements.

· can illustrate altered allelic methylation status (which affects sensitivity to restriction nucleotide digestion and transcription activity) in trinucleotide repeat expansions.

Disadvantages are:

· Unlike the PCR, large amounts (micrograms) of DNA are required to perform the analysis.

· The method is labor intensive and time consuming. Generally, results are only obtained after one week.

· Partial restriction endonuclease digestions can lead to ambiguous results.

· Use of radioactive materials is both expensive and hazardous. However, nonradioactive methods, such as chemiluminescence, can be used.
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Thus answer is (b)

