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Molecular Genetic Diagnosis of Inherited Metabolic Diseases

Chang-Seok Ki, M.D., Ph.D., Su-Yon Lee, M.D., Ph.D., Jong-Won Kim, M.D., Ph.D.
Department of Laboratory Medicine, Samsung Medical Center,
Sungkyunkwan University School of Medicine

Inherited metabolic diseases (IMD) comprise a large class of genetic diseases involving disorders of
metabolism. The majorities are due to defects of single genes that code for enzymes that facilitate conversion
of various substances into others. Because of the multiplicity of conditions, many different diagnostic tests are
used for screening of IMD. Molecular genetic diagnosis is the detection of pathogenic mutations in DNA
and/or RNA samples and is becoming a much more common practice in medicine today. The purpose of
molecular genetic testing in IMD includes diagnostic testing, pre-symptomatic testing, carrier screening,
prenatal diagnosis, preimplantation testing, and population screening. However, because of the complexity,
difficulty in interpreting the result, and the ethical considerations, an understanding of technical, conceptual,

and practical aspects of molecular genetic diagnosis is mandatory.
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Table 1.Various methods for molecular genetic

analysis of mutatio

Catego Metho

Direct Entire coding region

sequencing Selected exons

Mutation  Single-strand conformation polymorphism
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Denaturing high-performance liquid
chromatography (DHPLC)
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analysis ~ Amplification refractory mutation system
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MS)
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Table 2. Uses of genetic testing: purpose and points to consid

Diagnostic testing

1) DNA testing may yield diagnostic information at a lower cost and with less risk than other
procedures

2) Diagnostic testing is appropriate in symptomatic individuals of any age

3) Confirming a diagnosis may alter medical management for the individual

4) Diagnostic testing of an individual may have reproductive or psychosocial implications for other
family members as well

5) Establishing a diagnosis may require more than one type of genetic test

DNA testing may not always be the best way to establish a clinical diagnos

Predictive testing

1) Predictive testing is medically indicated if early diagnosis allows interventions which reduce
morbidity or mortality

2) Even in the absence of medical indications, predictive testing can influence life planning decisions

3) Because predictive testing can have psychological ramifications, careful patient assessment,
counseling, and follow-up are important

4) Many laboratories will not proceed with predictive testing without proof of informed consent and
genetic counseling

5) Identification of the specific gene mutation in an affected relative or establishment of linkage
within the family should precede predictive testing

6) Predictive testing of asymptomatic children at risk for adult onset disorders is strongly discouraged

when no medical intervention is available

Canier testing

1) Identifying carriers allows reproductive choices

2) Genetic counseling and education should accompany carrier testing becauseof the potential for
personal and social concerns

3) Molecular genetic testing of an affected family member may be required to determine the
disease-causing mutation(s) present in the family

4) In some situations, DNA testing may not be the primary way of determining carrier status

5) Carrier testing can improve risk assessment for members of racial and ethnic groups more likely to

be carriers for certain genetic conditions
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Prenatal testing

1) A laboratory that performs the disease-specific test of interest must be identified before any prenatal
diagnostic test procedure is offered

2) All prenatal diagnostic test procedures have an associated risk to the fetus and the pregnancy;
therefore, informed consent is required, most often in conjunction with genetic counseling

3) Inmost cases, before prenatal diagnosis using molecular genetic testing can be offered, specific gene
mutation(s) must be identified in an affected relative or carrier parent(s) v

4) Prenatal testing for adult-onset conditions is controversial. Individuals seeking prenatal diagnosis
for these conditions should be referred to a professional trained in genetic counseling for a

complete discussion of the issues

Preimplantation testing

1) Preimplantation testing is only performed at a few centers and is only available for a limited number
of disorders

2) Preimplantation testing is not possible in some cases due to difficulty in obtaining eggs or early
embryos and problems with DNA analysis procedures

3) Due to possible errors in preimplantation diagnosis, traditional prenataldiagnostic methods are
recommended to monitor these pregnancies

4) The cost of preimplantation testing is very high and is usually not covered by insurance

Newbom screening

1) Newborn screening programs are usually legally mandated and vary from country to country

2) Newborn screening is performed routinely at birth, unless specifically refused by 'the parents in
writing

3) Screening tests are not designed to be diagnostic, but to identify individuals who may be candidates
for further diagnostic tests

4) Many parents do not realize that newborn screening has been done (or which tests were included),
even if they signed a consent form when their child was born.

5) Education is necessary with positive screening results in order to avoid misunderstandings, anxiety

and discrimination
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