Each of the following are true/false questions about mutations.

1. Mutations are always harmful
T/F  F
2. Mutations in DNA can be passed on to protein 
T/F  T
3. Mutations in a protein can be passed on to DNA

T/F  F
4. Mutations in DNA always affect the phenotype of an organism  T/F  F
5. In the Central Dogma, information is normally passed through the following molecules in which order?  d
a. Protein to DNA to RNA

b. Protein to RNA to DNA

c. DNA to protein to RNA

d. DNA to RNA to protein

e. RNA to DNA to protein

6. Translation begins at which of the following?  d
a. The first base

b. The first codon

c. The third codon

d. The first start codon

e. Each start codon 

The autosomal recessive disorder (-thalassemia can be caused by a mutation in the (-hemoglobin gene, and leads to decreased oxygen transport in red blood cells.  

7. For the (-hemoglobin protein to be produced the DNA must first be  b
a. Translated into RNA

b. Transcribed into RNA

c. Translated into protein

d. Transcribed into protein

e. Replicated in S phase

[image: image1.jpg]First

Third

Position Second _Position Position
T 3 A [
Phe S Ty Cys U
U Phe Sk Ty Cys c
Lew  Ser  Sop  Step A
Lew  Ser  Stop T G
L Pro His Arg T
L Pro His Arg c
c L Pro Gin Arg S
Lew P Gin e G
Te The  Am Ser T
Ie The  Am Ser c
A Ie T Lys Arg A
Met  Th  Lys e I
Val Al Awm Gy T
Val Al Asp aiy c
[ Val Al Gh aiy A
Val Al Gh o I





Normal (-hemoglobin
5’ CACCAUGGUGCACCUGACUCCUGAGGAG 3’
5’ CACCAUGGUGUACCUGACUCCUGAGGAG 3’
(-thalassemia mutation in beta hemoglobin
8. Based upon the normal RNA sequence and genetic code above, what will be the first amino acid in the (-hemoglobin protein?  d
a. His

b. Thr

c. Pro

d. Met

e. Val

9. Based upon the RNA sequences and genetic code above, what change is occurring in the (-thalassemia protein?  a
a. A His is replaced with a Tyr

b. A Tyr is replaced with a His

c. An Ala is replaced with a Val

d. A Val is replaced with an Ala

e. The start codon is lost

10. How could a change in an amino acid in (-hemoglobin cause (-thalassemia?  c
a. By causing (-hemoglobin protein to not be transcribed.

b. By causing (-hemoglobin protein to not be translated.

c. By altering the ability of (-hemoglobin to bind to oxygen.

d. By altering the ability of (-hemoglobin to consume oxygen.

e. By altering the ability of (-hemoglobin to produce oxygen.

11. Why would individuals who are carriers of the (-thalassemia mutation not have symptoms of the disease?  d
a. Because none of their (-hemoglobin genes have a mutation.

b. Because the normal (-hemoglobin allele fixes the mutated allele.

c. Because you need two good copies of the (-hemoglobin allele to carry enough oxygen in your red blood cells.

d. Because one copy of active (-hemoglobin is enough to carry oxygen.

e. Because the normal (-hemoglobin allele prevents the mutated allele from being transcribed and translated.

12. Which of the following questions can be answered using Bioinformatics?  e
a. what are the sequences of the normal and mutated (-hemoglobin gene?

b. where do the normal and mutated (-hemoglobin sequences differ?

c. how do the three dimensional structures of the normal and mutated (-hemoglobins differ?

d. do mice, chimpazees, cows and dogs have mutated (-hemoglobin genes that can cause (-thalassemia in other species?

e. all the above

SA questions

13. If an individual is a carrier for the autosomal recessive disease (-thalassemia, what is their genotype and phenotype?  Explain your reasoning.  They will have one copy of the normal (-hemoglobin gene and one copy with the mutation.  They will have a normal phenotype because the normal copy of the gene makes enough functional protein to deliver enough oxygen to tissues.  -  This question addresses genotype and phenotype
14. The DNA sequence for the beginning of the transcribed portion of the normal (-hemoglobin gene and the (-thalassemia mutation are shown below.  How could you identify which amino acid(s) were mutated in the (-hemoglobin protein?

Normal (-hemoglobin
5’ CACCATGGTGCACCTGACTCCTGAGGAG 3’
5’ CACCATGGTGTACCTGACTCCTGAGGAG 3’
(-thalassemia

You would need to translate the sequence into amino acids and then align the two sequences to see which amino acids had changed.  Translation would start at the start codon (ATG).  This question addresses bioinformatics and translation and the difficult concept of where translation starts. 
15. Individuals with the diseases (-thalassemia and sickle cell anemia both have mutations in the gene for (-hemoglobin.  How could mutations in the same gene cause two different disease phenotypes?  The different mutations in the DNA would cause different amino acids to be changed in the protein.  The different amino acid changes could have different effects on the activity of the (-hemoglobin, and thus produce different phenotypes.  This question addresses the link between DNA sequence (genotype) and protein activity (phenotype) 
16. Some individuals with (-thalassemia have mutations that block transcription or exon splicing of (-hemoglobin.  Why would these mutations lead to (-thalassemia?  These mutations would lead to either no mRNA or a truncated mRNA, which would lead either a lack of beta-hemoglobin, or a truncated beta-hemoglobin.  This addresses transcription.

































