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Guided Lecture Notes

Chapter 9.  Gene mutations

After reading the whole chapter, answer the following questions into your lecture notebook.  Leave spaces for additional information that might come up during lecture.  This preview of the lecture and will allow you to minimize the time needed to enter lecture notes into your notebook during the lecture.  With your notes outlined ahead of time, you will be able to ask questions during lecture over information that you need help with. 

After answering all the questions, sign the question sheet and circle the questions that you want to have emphasized during lecture, either because you are unsure of your answer or because you need clarification.  Hand in this sheet with your circled questions at the beginning of class.  You will not turn in your lecture notebook;  you will be given a completion grade for your work.

TYPES OF GENE MUTATIONS

1.    Gene mutations can be classified according to the extent of change:  chromosomal aberrations, compared to point mutations.  What are some examples of each?

2.    Gene mutations in coding sequences can also be classified according to their effects on the proteins that they encode.  Describe the differences between the following types of mutations:  silent, conservative, nonconservative, nonsense, and frameshift.

a. What determines whether the mutation has an effect on phenotype?

b. Which have the most extensive effect on protein structure?

c. Can the phenotypic effect of a mutation be determined by sequence analysis alone?

DETECTION OF GENE MUTATIONS

3.    Why is it difficult to detect a cystic fibrosis gene?

4.    Why is it difficult to detect a somatic mutation?

6.    What are 3 broad classifications of molecular methods for detecting point mutations?

7.    What are 7 types of hybridization methods used to detect point mutations?

8.    What are 5 types of sequencing (polymerization)-based methods used to detect point mutations?

9.    What are 6 types of cleavage-based methods used to detect point mutations?

10.  What is the principle of SSCP?

a. How are conformers generated from PCR amplicons?

b. What precautions are taken to prevent heteroduplex formation?

c. What range of amplicon size works best with SSCP?

d. How are conformers separated and analyzed?

e. How effective is this method in detection of tumor cells?

f. Discuss the principle of laser capture micro-dissection.  How can this instrument improve SSCP detection of tumor mutations?

11.  What is the principle of DGGE?

a. What is “base stacking”, and how does this contribute to the ease of DNA denaturation?

b. What range of amplicon size works best with DGGE?

c. What are the denaturing chemicals used in DGGE?

d. What are some parameters that must be investigated in order to develop a DGGE analysis for any given mutation?

e. What are some advantages and drawbacks of DGGE, compared to SSCP?

12.  What is the principle of the ASO hybridization method of mutation detection?

a. Explain the pH change protocol used in blotting gDNA to a nitrocellulose membrane.

b. Why are TWO hybridization reactions made of each gDNA being assayed by the ASO hybridization method?

c. Why do some protocols for ASO hybridization recommend addition of unlabeled probe directed at the nontarget sequence, in addition to the labeled ASO directed at the target sequence?

d. Describe the principle of reverse dot blot ASO analysis.  Explain why this approach lends itself useful in screening newborns for common genetic disorders.

13.  What is the principle of MCA for mutation detection?

a. What is the major pitfall of this method?

b. Describe how HR-MCA avoids false positives in MCA.

c. What is the difference in HR-MCA fluors used in a 2-probe, compared to a 1-probe assays?

14.  What is the principle of the molecular inversion probe (MIP) system for SNP detection?

a. Draw a picture of a typical inversion probe, labeling the functional regions of the sequence and describing the purpose of each region.

b. What enzymes are involved in the inversion probe detection system, and what role do they play in detection of a SNP?

c. In the design of new molecular diagnostics, the recurring goal is the avoidance of the thermal cycler requirement for template formation, along with an efficient strategy to amplify signal.  Comment on the success of the  inversion probe assay in meeting these design goals.

d. Another design goal of more sophisticated molecular diagnostics is the possibility of doing multiple assays in one reaction mixture.  Comment on the success of the inversion probe assay in meeting this design goal.

e. Another design goal of more sophisticated molecular diagnostics is the possibility of doing high throughput assays through automation.  Comment on the success of the inversion probe assay in meeting this design goal.

15.  What is the principle of heteroduplex analysis for SNP detection?

a. Describe the conformation-sensitive gel electrophoresis conditions that are key to heteroduplex analysis.

b. Describe the advantage of denaturing high-performance liquid chromatography (DHPLC) analysis of heteroduplexes.

16.  Explain some advantages of performing ASO hybridization detection of SNPs on microarrays.

a. Why must the amplicons be first fragmented by a DNAse before binding to ASO probes on a microarray?

b. Explain the differences between standard and redundant tiling.  

c. Describe the principle behind the Luminex-based bead array method of SNP detection.  What advantages does this system have over microarray detection?

17.  Describe how a primer can be designed in order to detect a SNP by SSP-PCR.

a. How primer design allow a mutant and a normal sequence to be analyzed in a single SSP-PCR reaction?

b. Explain the principle behind multiplexed SSP-PCR (aka amplification refractory mutation system PCR or tetra primer PCR).

c. Describe the principle of the Illumina bead array for SSP-PCR and how this allows for high-throughput analysis.

18.  In what ways are the allelic discrimination probes similar to Taqman probes used in real time PCR, and in what ways are they different?

19.  What is the principle of ddF for mutation detection and what advantage does this method have over DNA sequencing reactions?

a. What is the principle of bi-directional dideoxy fingerprinting (bi-ddF) and what advantage does this have over ddF?

20.  What is the principle of fluorescent polarization-template-directed dye terminator incorporation (FP-TDI) for SNP detection? 

a. Why are only ddNTPs included in the reaction?

b. Why are unlabeled ddNTPs included in the reaction?

c. What is an advantage and a drawback in the use of a mass spectrometer instead of dye-labeled terminators in analysis of TDI reaction products?

21.  Describe the components of a reaction mix that detects nonsense or frameshift mutations that lead to truncated proteins.

a. How are truncated proteins detected?

22.  What are some major advantages to PCR-RFLP analysis, compared to Southern blot RFLP analysis of mutations?

a. Describe how PCR-RFLP can be multiplexed.

23.  What is the principle of BESS for detection of mutations involving a T base?

a. What  are the enzymes and dNTP that are unique to BESS analysis of PCR amplicons?

b. How can mutations involving a G base be detected by BESS?

24.  What is the principle of NIRCA for detection of mutations?

a. In what ways is NIRCA similar to heteroduplex analysis, and in what ways is it different?

b. What key enzymes are found in both types of assay and which are necessary only for NIRCA?

25.  What is the principle of the Invader method for detection of mutations?

a. What proprietary enzyme is key to the Invader technology and what is its substrate?

26.  What is the principle of CCM for detection of mutations?

a. In what ways is NIRCA similar to CCM analysis, and in what ways is it different?

b. What is a major drawback in CCM analysis?

c. What enzymes are commercially available to replace the toxic chemicals used in CCM?

27.  Which method of SNP detection is the most commonly used?

a. Which method of SNP detection has the highest accuracy?  The highest specificity?  The highest sensitivity?

b. Which method of SNP detection has advantages of high throughput?

c. Which method of SNP detection has advantages of being able to screen for a large number of gene mutations at once?

GENE MUTATION NOMENCLATURE

28.  Describe the uniform nomenclature for gene mutation annotation.

a. What determines the number assigned to a nucleotide?

b. How are the following point mutations symbolized?

	A substitution
	

	A deletion
	

	An insertion
	

	A duplication
	

	A deletion and an insertion
	

	An inversion
	

	Two mutations in the same allele
	

	Two mutations in two different alleles (heterozygote)
	

	A mutation in an intron sequence
	


29.  How is an altered amino acid sequence annotated?

a. What is the numbering system?

b. What are the symbols for amino acids?

c. What is the symbol for a stop codon?

d. How are the following amino acid changes symbolized?

	An amino acid substitution
	

	A nonsense mutation
	

	A deleted amino acid
	

	Amino acid insertions
	

	A frameshift mutation
	

	A stop codon in a frameshift 
	


30.  What symbols are used to indicate mutations in the following sources of sequences:  genomic DNA, cDNA, mitochondrial DNA,  RNA, or protein sequences?

31.  Where are the complete rules of mutation annotation available online?
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