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1. Explain in detail the mechanism(s) of imprinting of the Igf2 and Igfr2 genes (10 pts)
The mechanism of imprinting of the Igf2 and Igfr2 genes is based on genome imprinting mechanism whereby the regulation of genes is dependent on the sex of the transmitting parent. This signifies that the majority of the individual’s exhibit one functioning and one silenced set of these genes depending on whether the gene is maternally or paternally imprinted .This kind of imprinting results in parent-specific expression. The human IGF2 gene is autosomal and maternally imprinted. Copies of the gene received from the mother are not expressed, but copies received from the father are expressed. The human Igfr2 gene is autosomal and paternally imprinted. Copies of the gene received from the father are not expressed, but copies received from the mother are expressed.
2. The human IGF2 gene is autosomal and maternally imprinted. Copies of the gene received from the mother are not expressed, but copies received from the father are expressed. You have found two alleles of this gene that encode two different forms of the IGF2 protein distinguishable by gel electrophoresis. One allele encodes a 60K (Kilodalton) blood protein; the other allele encodes a 50K blood protein. In an analysis of blood proteins from a couple named Bill and Joan, you find only the 60K protein in Joan’s blood and only the 50K protein in Bill’s blood. You then look at their children: Jill is producing only the 50K protein, while Bill Jr. is producing only the 60K protein. 

a. With these data alone, what can you say about the IGF2 genotype of Bill Sr. and Joan? (5 pts)
Since IGf-2R genes are maternally imprinted, both alleles from mother will either be imprinted or silenced.
The only allele that is expressed in children is the paternal inherited allele.
A 60K protein expression is seen Bill Jr. blood hence must be paternally inherited.
Mr Bill has 50K protein in his blood hence Mr Billl is heterogynous and has genotype IGF-2Ra/IGF-2Rb
The given information is therefore not enough to determine the genotype of Mrs. Joan

b. Bill Jr. and a woman named Sara have two children, Pat and Tim. Pat produces only the 60K protein and Tim produces only the 50K protein. With the accumulated data, what can you now say about the genotypes of Joan and Bill Sr.?  (5 pts)
Bill.Jr and Sara have children, one of them has 60K protein and the other has 50K protein in their blood
Both of these alleles are paternally inherited, Bill.Jr inherited IGF-2Rb from his father hence the allele IGF-2Ra must have been from his mother.
The allele inherited from his mother Joan will not imprint on her grandchildren and thus, the allele will be expressed.
This data therefore shows that Joan is either homozygous for IGF-2Ra or heterozygous for IGF-2Ra/ IGF-2Rb

3. Prader-Willi syndrome is caused by a mutation in an autosomal maternally imprinted gene. Label the following statements as true or false, assuming that the trait is 100% penetrant and provide EXPLANATIONS for your answers.  (12 pts)
Prader-Willi syndrome is a rare genetic disorder that results in chromosome 15 gene being unexpressed or deleted on the paternal chromosome. Meaning only one copy of the gene is expressed and the other is silenced due to imprinting. If imprinting is maternal, then the copies of the gene received from the mother are not expressed, but copies received from the father are expressed.
a. Sons of affected males have a 50% chance of showing the syndrome.
True.
Imprinting is on maternal copy, therefore, if the affected individual is male, it will pass on the mutated copy only in 50 percent of its gametes, and a non-functioning copy to the remaining 50 percent of the gametes 
c. Daughters of affected males have a 50% chance of showing the syndrome. 
True
Imprinting is on maternal copy, therefore, if the affected individual is male, it will pass on the mutated copy only in 50 percent of its gametes, and a non-functioning copy to the other remaining 50 percent of the gametes which in this case the female.



d. Sons of affected females have a 50% chance of showing the syndrome. 
False
Since imprinting is maternal, then the copies of the gene received from the mother are not expressed, but copies received from the father are expressed.

e. Daughters of affected females have a 50% chance of showing the syndrome.
             False.
Since imprinting is maternal, then the copies of the gene received from the mother are not expressed, but copies received from the father are expressed.
4. Human papilloma virus (HPV) is present in greater than 90 percent of cervical cancers. HPV encodes two proteins, E6 and E7 that are potent contributors to its tumorigenicity. E7 is known to disable RB; E6 binds to p53 and targets it for degradation. Discuss how these activities might contribute to the development of the cancerous state in infected cells. (10 pts)
HPV encodes two proteins, E6 and E7 that are potent contributors to its tumorigenicity. E7 is known to disable RB; E6 binds to p53 and targets it for degradation which results in p53 losing its heterozygosity. If a cell were heterozygous for mutation that caused p53 to bind tightly to the DNA of the targeted genes, the growth and division of those cells might be retarded. Loss of function mutations in the DNA binding domain of p53 results in disabling of the protein that activates transcription of target genes which are involved regulating cell division or cell deaths. Without regulations of cell division or cell deaths, cells will start to accumulate damage to their DNA and in the long run become give rise to a somatic cell that is originally heterozygous becoming homozygous for the p53 mutation.
5. A female patient 19 years old, whose symptoms are anemia and internal bleeding due to a massive buildup of leukemic white blood cells, is diagnosed with chronic myelogenous leukemia (CML). Karyotype analysis shows that the leukemic cells of this patient are heterozygous for a reciprocal translocation involving chromosomes 9 and 22. However, none of the normal, nonleukemic cells of this patient contain the translocation. With each of the following statements indicate if it is true or false and WHY.  Assume that the normal (non-translocated) homologs of the chromosomes involved in the translocation do not have any mutations in any cancer-related genes near the translocation breakpoints.
a. The translocation results in the inactivation (loss of function) of a tumor-suppressor gene. (2 pts)
TRUE
Tumor suppressor gene regulates cell proliferation and DNA repairing protein that causes genome instability. When mutation occur such as recessive loss of function in tumor suppressor gene, tumor suppressor gene gets deactivated and results in excessive cell proliferation.
b. The translocation results in the inactivation (loss of function) of an oncogene. (2 pts)
False
Proto-oncogene promote cell proliferation therefore, a gain of function in Proto-oncogene transforms it into an oncogene that results in cancer.
c. There is a 50% chance that any child of this patient will have CML. (2 pts)
False
Leukemic cells of a patient suffering from chronic myelogenous leukemia (CML) are heterogeneous for reciprocal translocation that involves chromosomes 9 and 22.  The child of a patient who marries a man who does not have that condition will have about 25% of getting CML.
d. This patient is a somatic mosaic in terms of the karyotype. (2 pts)
True
A karyotype showing abnormality in some cells while other cells remain normal are said to be mosaic. 
e. DNA extracted from leukemic cells of this patient, if taken up by normal mouse tissue culture cells, could potentially transform the mouse cells into cells capable of causing tumors. (2 pts)
True
DNA extracted from leukemic cells are capable of infecting normal cells and transforming them into cancerous cells.
f. The normal function of the affected tumor-suppressor gene or proto-oncogene at the translocation breakpoint could potentially block the function of the cyclin proteins that drive the cell cycle forward. (2 pts)
True
Mutations in tumor-suppressor gene are proto-oncogenic at the translocation breakpoint hence blocking the activity of cyclin proteins which are normally involved in cell cycle regulations.
g. Two rare events must have occurred to disrupt both copies of the tumor-suppressor gene or proto-oncogene at the translocation breakpoint in the leukemic cells. (2 pts)
True
The reciprocal translocation involving chromosomes 9 and 22 is carried out by the two events which causes mutations in tumor-suppressor gene and proto-oncogene at the translocation breakpoint result in leukemic cells.

h. A possible treatment of the leukemia would involve a drug that would turn on the expression of the tumor-suppressor gene or oncogene at the translocation breakpoint in the leukemic cells (2 pts)
True
A possible treatment of the leukemia would involve a drug that would turn on the expression of the tumor-suppressor gene or oncogene at the translocation breakpoint by repairing DNA thus eliminating gene mutations.
6.  Autosomal dominant mutations in Rb may lead to cancer formation.  Describe how CRISPR might be used to “correct” this genetic defect in an individual who wishes to have children free of the mutation.  The individual is heterozygous for the trait (10 pts)
CRISPR is a technology used to edit and repair genes.  With CRISPR technology, DNA can be unzipped and damaged gene corrected or unwanted gene i.e. cancer causing genes can be eliminated. A new and healthy gene can also be inserted into the gene sequence of DNA. For the case of Autosomal dominant mutations, CRISPR will be used to disable the gene associated with Autosomal dominant mutations in Rb hence, that disabled gene cannot be passed to the next generation. Disabling of the gene associated with the disease means eliminating the proteins that causes the gene to multiply. CRISPR technology unzips DNA, then locates the infected gene through assistance from RNA, after locating the gene, it disables the proteins causing the gene to multiply. It can either disable the gene or eliminate it completely and then after that, it zips back the DNA to its normal sequence. The gene will therefore not be passed to the offspring and thus the children will be free of the mutation.
7. P53 is a tumor suppressor gene that is mutated in many cancers.  Explain the mechanisms that might give rise to a somatic cell that is originally heterozygous becoming homozygous for the p53 mutation (10 pts)
P53 loss of heterozygosity is associated with patients carrying p53 germ-line mutation. If a cell were heterozygous for mutation that caused p53 to bind tightly to the DNA of the targeted genes, the growth and division of those cells might be retarded. Loss of function mutations in the DNA binding domain of p53 results in disabling of the protein that activates transcription of target genes which are involved regulating cell division or cell deaths. Without regulations of cell division or cell deaths, cells will start to accumulate damage to their DNA and in the long run become give rise to a somatic cell that is originally heterozygous becoming homozygous for the p53 mutation.




8. Go to this website https://www.ebi.ac.uk/gwas/
  and type in a polygenic trait of your choice. If no GWAS have been performed, choose another trait
1. Provide a summary of your results. (5 pts)  Include in your answer:
The polygenic trait chosen is eye color.
· EFO identity: EFO-0003949
· Synonyms: Color eye, Colors Eye, Eye Colors, Iris color.
· Mapped terms: Color of the Iris
· Description: Color of the iris
· Allelic associations: Blue Vs. brown eyes, Blue Vs. green eyes, Iris color (L* coordinate), Iris color (a* coordinate), Iris color (b* coordinate),
2. Answer the following questions
· What is a GWAS (3 pts)
GWAS (Genome-Wide Association Study) is an approach used in genetic study to associate a specific genetic variation with a particular disease. It involves scanning and analyzing patterns of genomes from different people and predicting the possibilities of a particular disease.
· How is a GWAS performed (7 pts)

It involves scanning and analyzing patterns of genomes from different people and predicting the possibilities of a particular disease. While scanning the genomes from different individuals, genetic engineers look for genetic markers that can be used to predict presence of a particular disease and understand how these gene variations contribute to disease. After scanning, analysis are done and if certain gene variations are found to be more frequent in people with a particular disease as compared to people without that disease, then that gene variation is concluded to be associated with that disease. The associated gene variation serve as pin pointer to the region where disease causing problem is. The next step is to identify the exact genetic change involved in the disease and this is done through sequencing DNA base pairs of the pin pointed regions. And the final step is determining the treatment for that particular disease.

· What are microarrays and how are microarrays used to conduct a GWAS (10 pts)

Microarrays are used in detecting and determining expressions and variations of thousands of genes at the same time. Microarrays are used in GWAS to perform sequencing of DNA base pairs to determine gene variations from a particular individual. Microarrays look for duplicate, missing or mutated gene from a given individual which will tell whether that gene is associated with a particular disease or not.
DNA microarrays gives a platform for analyzing expressions patterns of genes in an entire genome hence thousands of genes can be analyzed simultaneously.
