Feedback on the FRCPath Part 1 examination 2009

Sixteen candidates sat the written examination on March 24th 2009. Congratulations to the 10 who passed; we hope the remaining 6 will be successful at their next attempt. The practical examination was held on September 29th 2009 and 11 of the 12 candidates passed. This feedback is designed to help the 2010 candidates with their preparation and to encourage others to sit the examination in future years. You are reminded that with the exception of the short notes questions, answers for the written paper should be in the form of an essay.
Paper 1
(1) What are genomic disorders? Describe the mechanism that generates them, any predisposing features and the copy number changes they give rise to. Illustrate your answer with the key points using THREE specific examples.

This question was common to the cytogenetics and molecular genetics papers. The clue was in the question; “copy number changes they give rise to”, but only 5 of the 10 candidates provided the correct definition (diseases caused by an alteration of the genome resulting in complete loss, gain or disruption of the structural integrity of a dosage sensitive gene[s]), description of the mechanisms (NAHR, NHEJ, FoSTeS), predisposing features (LCRs/segmental duplications) and gave sufficiently detailed examples (plenty to choose from, including CMT1A/HNPP, Pelizaeus-Merzbacher, Smith-Magenis, Williams, Potocki-Lupski, NF1, VCFS, 17q21.31 deletion syndrome).
(2) Describe the principles of next generation sequencing. Outline the possible applications of this technology and the current limitations for use in a clinical diagnostic laboratory.

This was a predictable, popular question that was generally answered well (highest mean score for paper 1). Candidates described the principles, methodologies and applications adequately but some answers failed to address the current limitations (cost of the instrument and consumables per run, instrument availability, optimal targeting/indexing strategies not defined, data analysis, data storage and lack of validation data in the clinical diagnostic setting).

(3) Write short notes on EACH of the following:

(a) Pathogenic effects of gene variants in 5’or 3’untranslated regions

(b) Dominant negative mutations

(c) Autozygosity mapping 

This question was answered well by most candidates. For (a), an increasing number of pathogenic mutations are reported in 5’ or 3’ untranslated regions and many different effects have been described that result in decreased mRNA levels. Dominant negative mutations (b) have featured in previous papers but some candidates failed to explain that these are heterozygous mutations that affect the protein expressed from the normal allele. In (c) candidates needed to explain that recessive disorders are common in consanguineous relationships due to inheritance of IBD (identical by descent) mutant alleles. Genome wide SNP genotyping identifies homozygous regions that may contain the mutated gene.
(4) Using the example of EITHER familial adenomatous polyposis OR chronic myeloid leukaemia, describe the genetic mechanisms underlying development of the disease and how molecular genetic testing can be used to assist with clinical management. 

This question was answered by most candidates with FAP the preferred option. Many of the FAP answers lacked sufficient detail regarding the disease mechanism and some CML answers failed to explain how treatment options are guided by BCR-ABL transcript levels.  

(5) Describe the FIVE different molecular classes of human CFTR gene mutations with reference to genotype-phenotype correlation. 

This straightforward question was mostly answered well, but some candidates were confused between mutation types (eg. missense, nonsense, frameshift) and molecular classes of CFTR gene mutations (eg. defective protein production, processing, channel regulation, channel conductance).

Paper 2
(1) Outline the factors that should be taken into account when deciding whether, and how, new diagnostic tests should be introduced into the laboratory repertoire. 
This question was common to the cytogenetics and molecular genetics papers. Answers were generally good and cited the need to consider the disease prevalence and severity, clinical utility and validity, predictive value of the test, availability of other tests, patterns of referrals and population factors. From the laboratory perspective, the test costs, staffing/training implications, sample numbers, urgency of reporting, the size/complexity of the gene, nature of mutations and availability of controls were important factors in addition to the sensitivity, specificity and robustness of the test. 
(2) Outline the current methods available to analyse free fetal DNA in the maternal circulation. What are the possible applications of these techniques in the diagnosis of genetic disease? 

Another predictable question that generated some very good answers. The possible applications included fetal sexing for X-linked disorders, detection of paternally inherited mutations for prenatal testing, Rhesus D testing and aneuploidy.

(3) Genetic testing for risk factors for common disorders is becoming widely available to the public. Discuss the scientific and ethical issues raised by this practice. 

Most candidates attempted this question but only four passed. The scientific issues sought were standards of testing, sample integrity, accreditation and regulation of private laboratories. Accurate knowledge of the clinical validity and utility of the test is required and should be made available to the public. 
(4) Describe examples of pharmacogenetic tests used to:

(a) reduce adverse drug reactions

(b) determine drug dosage

(c) identify patients likely to respond to specific pharmacological therapies

This was the least popular question and although pharmacogenetic tests are not part of every molecular genetics laboratory’s test repertoire, candidates are expected to be aware of such developments. The paradigm for (a) is the  HLA *B5701 allele associated with hypersensitivity to the HIV drug abacavir. For (b) examples include TPMT genotyping prior to administration of thiopurines,  irinotecan where the  UGT1A1*28 allele is associated with neutropenia, 5-Fluorouracil (1/1000 recessive for DPD enzyme), warfarin (CYP2C9) or tamoxifen (CYP2D6). There are numerous examples for (c): herceptin over-expressing breast cancers, imatinib (GIST), cetuximab (K-RAS mutations in colorectal cancer, gefitinib (EGFR) in non-small cell lug cancer. Last but definitely not least (!), patients with monogenic diabetes caused by HNF1A/4A or KATP channel mutations that predict response to sulphonylureas.

(5) Describe the use and limitations of bioinformatic tools for determining the pathogenicity of novel variants. 

The majority of candidates answered this question well and it achieved the highest mean score for paper 2. The most common examples provided were tools for the assessment of missense and splicing variants. Key limitations were the unknown predictive value of these tools.
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