Topic 3.1 - Chromosomes, Genes, Alleles and Mutations

3.1.1. State that eukaryote chromosomes are made up of DNA and protein. 

· Eukaryote chromosomes are made up of DNA and protein.

3.1.2. State that in karyotyping, chromosomes are arranged in pairs according to their structure. 

· In karyotyping, chromosomes are arranged in pairs according to their structure.

3.1.3. Describe one application of karyotyping. 

· Karyotypes can be used to screen for defective chromosomes in the fetus, so if a problem is found parents can deal with it early.

3.1.4. Define gene, allele, and genome. 

· A gene is a heritable factor that controls a specific characteristic. An allele is one specific form of a gene, differing from other alleles by one or a few bases only and occupying the same gene locus as other alleles of the gene. A genome is the whole of the genetic information of an organism.

3.1.5. Define gene mutation. 

· Gene mutation is a change in the base sequence of the DNA in genes that ultimately creates genetic diversity.

3.1.6. Explain the consequence of a base substitution mutation in relation to the process of transcription and translation, using the example of sickle cell anemia. 

· A base substitution is the replacement of one nucleotide and its partner from the complementary DNA strand with another pair of nucleotides. In sickle cell anemia, GAG mutates to GTG causing glutamic acid to be replaced by valine. This is caused by codons being substituted, which places a different amino acid on the polypeptide during translation. Therefore, the resulting protein is mutated and normal hemoglobin is replaced by sickle-cell hemoglobin.

Topic 3.2 - Meiosis

3.2.1. State that meiosis is a reduction division in terms of diploid and haploid numbers of chromosomes. 

· Meiosis is a reduction division in terms of diploid and haploid numbers of chromosomes.

3.2.2. Define homologous chromosomes. 

· Homologous chromosomes are two chromosomes that correspond in proportion, value, and structure meaning that they contain the corresponding genes for the same traits.

3.2.3. Outline the process of meiosis, including pairing of chromosomes followed by two divisions, which results in four haploid cells. 

· Meiosis can be divided into two segments, meiosis I and II. In meiosis I, the the chromosomes meet in homologous pairs. Each chromosome consists of 2 identical "sister" chromatids, therefore each homologous pair is a group of 4 chromatids, called a tetrad. The first division occurs by each of these chromosome pairs segregating, or seperating onto different sides of the cell. This produces two cells with the diploid number of chromosomes. Then, the second division occurs in both new cells when the sister chromatids are separated, pulling apart the chromosome. This produces four cells with the haploid number of chromosomes.

3.2.4. Explain how the movement of chromosomes during meiosis can give rise to genetic variety in the resulting haploid cells. 

· The arrangement of chromosomes at metaphase I of meiosis is a matter of chance. This arrangement determines which chromosomes will be packaged together in the haploid daughter cells. Also, crossing over of alleles between homologous chromosome pairs gives rise to new combinations of DNA. Thus, genetic variety results.

3.2.5. Explain that non-disjunction can lead to changes in chromosome number, illustrated by reference to Down's syndrome (trisomy 21). 

· Non-disjunction is when certain homologous chromosomes or sister chromatids fail to separate. This results in one gamete receiving two of the same type of chromosome and another gamete receiving no copy. An example is Down's syndrome which results from trisomy of chromosome 21. This means the individual with the syndrome has received three, rather than two, copies of chromosome 21.

3.2.6. State Mendel's law of segregation. 
· Two alleles for a character are packaged into separate gametes and then randomly re-form pairs during fusion of gametes at fertilization.

3.2.7. Explain the relationship between Mendel's law of segregation and meiosis. 

· In meiosis I, the chromosome pairs are separated. However, the two alleles for a character are still together and not separated. They are only separated in meiosis II when the sister chromatids separate and are packed into separate gametes.

Topic 3.3 - Theoretical Genetics

3.3.1. Define: genotype, phenotype, dominant allele, recessive allele, codominant alleles, locus, homozygous, heterozygous, carrier and test cross. 

· The genotype is the alleles possessed by an organism. The phenotype is the characteristics of an organism. A dominant allele is an allele that has the same effect on the phenotype whether it is present in the homozygous or heterozygous state. A recessive allele is an allele that only has an effect on the phenotype when present in the homozygous state. Codominant alleles are pairs of alleles that both affect the phenotype when present in the heterozygous state. A locus is the particular position on homologous chromosomes of a gene. Homozygous means having two identical alleles of a gene. Heterozygous is when you have two different alleles of a gene. A carrier is an individual that has a recessive allele of a gene that does not have an effect on their phenotype. A test cross is testing a suspected heterozygote by crossing it with a known homozygous recessive.

3.3.2. Construct a Punnett grid. 

· Drawing will be inserted at a later date.

3.3.3. Construct a pedigree chart. 

· Drawing will be inserted at a later date.

3.3.4. State that some genes have more than two alleles (multiple alleles). 

· Some genes have more than two alleles (multiple alleles).

3.3.5 Describe ABO blood groups as an example of codominance and multiple alleles. 

· The ABO blood groups are an example of multiple alleles of a single gene because this gene exists in three allelic forms: A, B, O. Type O will only be expressed in the homozygous form; when combined with A or B alleles it will not be expressed. The blood groups are also an example of codominance, or the expression of the phenotypic form of both alleles. For example, a person with both the A and B alleles, carries AB type blood. Both blood group A and B are fully expressed.

3.3.6 Outline how the sex chromosomes determine gender by referring to the inheritance of X and Y chromosomes in humans. 

· Gender in humans is determined by two chromosomes, called X and Y because this is the way they appear on karyotypes. The Y chromosome is very similar to the X chromosome in its composition of genes, the main difference being that the Y chromosome is lacking some of the genetic material present on the X. All males have one X chromosome and one Y chromosome. Females have two X chromosomes. In meiosis, therefore, females can only produce gametes with an X chromosome, while males can produce gametes with either an X or a Y chromosome. The male's gametes, then, are those that decide gender: the child can have XX (female) or XY (male) chromosomes depending on what it receives from its father.

3.3.7 Stat that some genes are present on the X chromosome and absent from the shorter Y chromosome in humans. 

· Some genes are present on the X chromosome and absent from the shorter Y chromosome in humans.
 3.3.8 Define sex linkage. 

· Sex linkage is the coupling of certain genes to one sex chromosome (either X or Y) but not the other.

3.3.9 State two examples of sex linkage. 

· Color-blindness and hemophilia are probably the most common examples of sex-linked traits in humans. Both are due to a recessive sex-linked allele on the X chromosome. For this reason, they are often more common in males than females.

3.3.10 State that a human female can be homozygous or heterozygous with respect to sex-linked genes. 

· Human females can be homozygous or heterozygous with respect to sex-linked genes.

3.3.11 Explain that female carriers are heterozygous for X-linked recessive alleles. 

· Obviously a recessive X-linked gene will only be expressed in the homozygous form, as this is part of the definition of recessive genes. Therefore, if an X-linked recessive alleles is present in a male, it will always be expressed, as this is the only X gene the male possesses. However, females have two X genes, only one of which is actually expressed. The other is bound up in an inactive structure known as a Barr body. Therefore if the X chromosome is the one bound in the Barr body, its recessive alleles are not expressed, and the female may be a carrier without displaying any effects. 

Topic 3.4 - Genetic Engineering and Other Aspects of Biotechnology

3.4.1 State that PCR (polymerase chain reaction) copies and amplifies minute quantities of nucleic acid. 

· PCR (polymerase chain reaction) copies and amplifies minute quantities of nucleic acid.

3.4.2 State that gel electrophoresis involves the separation of fragmented pieces of DNA according to their charge and size. 

· Gel electrophoresis involves the separation of fragmented pieces of DNA according to their charge and size.

3.4.3 State that gel electrophoresis of DNA is used in DNA profiling. 

· Gel electrophoresis of DNA is used in DNA profiling.

3.4.4 Describe two applications of DNA profiling. 

· DNA profiling can be used in criminal investigation, including murders and rape. It can also be used in paternity suits. DNA can be isolated from blood, semen or any other tissue available. DNA profiling is then carried out on these specimens and on the suspect. The results using this technique are reliable, however contamination of the samples with bacteria or other DNA sources can interfere with the results to a great extent. 

3.4.5 Define genetic screening 

· Genetic screening is the testing of an individual for the presence or absence of a gene.

3.4.6 Discuss three advantages and/or disadvantages of genetic screening. 

· Genetic screening offers the possibility of pre-natal diagnosis of genetic diseases, which many view as advantageous as it allows for immediate preparation for and treatment of babies that have these diseases upon their birth. The confirmation of animal pedigrees, or the developing of one from scratch, is aided greatly by genetic screening also. The disadvantages include numerous ethical issues, including confidentiality problems: if a person is found to be the carrier or sufferer of a genetic disease, who else can now access this information, and if this is a transmittable disease, what limitations would or should be placed on that person? One problem that has resulted from this is immigration disputes, as persons carrying harmful genetic diseases have been disallowed entry into the country and have since protested this denial. 

3.4.7 State that the Human Genome Project is an international cooperative venture established to sequence the complete human genome. 
· The Human Genome Project is an international cooperative venture established to sequence the complete human genome.

3.4.8 Describe two possible advantageous outcomes of this project. 

· It should lead to an understanding of many genetic diseases, the development of genome libraries and the production of gene probes to detect sufferers and carriers of genetic diseases (eg Duchenne muscular dystrophy). It may also lead to production of pharmaceuticals based on DNA sequences.

3.4.9 State that genetic material can be transferred between species because the genetic code is universal. 

· The genetic material can be transferred between species because the genetic code is universal.

3.4.10 Outline a basic technique used for gene transfer involving plasmids, a host cell (bacterium, yeast or other cell), restriction enzymes (endonuclease) and DNA ligase. 
· The use of E. Coli in gene techonology is well documented. Most of its DNA is in one circular chromosome but it also has plasmids (smaller circles of DNA helix). These plasmids can be removed and cleaved by restriction enzymes at target sequences. Originally developed by bacteria for defense against viruses, restriction enzymes cut DNA only at specific sequences, allowing two different DNA strands to be cut with the same restriction enzyme and reattached. DNA fragments from another organism are then cleaved by the same restriction enzyme as described previously and these pieces can be added to the open plasmid and spliced together by DNA ligase. These new plasmids are called recombiant DNA, as they are a combination of genetic material from more than one species. The recombinant plasmids formed can be inserted into new host cells, typically a bacteria due to their rapid reproduction rate, and copied by the host. Host cells often also serve to test if the DNA recombination has been successfully conducted by adding onto the recombiant strand some gene sequence that will cause the host to display an easily observable characteristic. Such a sequence that is often used codes for phosphorescence, causing the host cell to glow if the transfer has been completed successfully. 

3.4.11 State two examples of the current uses of genetically modified crops or animals. 

· Salt tolerance in tomato plants, which allow them to grow in overly irrigated farmlands, delayed ripening in tomatoes, herbicide resistance in crop plant, factor IX (human blood clotting) in sheep milk.

3.4.12 Discuss the potential benefits and possible harmful effects of one example of genetic modification. 

· Some gene transfers are regarded as potentially harmful. A possible problem exists with the release of genetically engineered organisms in the environment. These can spread and compete with the naturally occurring varieties. Some of the engineered genes could also cross species barriers, and many genetically modified organisms display surprising and unforseen side effects due to their modification. An excellent example of this is a corn variety modified to be more resistant to several types of disease. While the plant did indeed become more resistant, in the process the modification had affected the chemical compostition of their pollen coat. The pollen was now toxic to the Monarch butterfly, and thousands of them died during their migration through the Midwest, where the corn was planted. The result of all this could be massive disruption of the ecosystem. Benefits include more specific (less random) breeding than with traditional methods.

3.4.13 Outline the process of gene therapy using a named example. 

· This involves replacement of defective genes. One method involves the removal of white blood cells or bone marrow cells and, by means of a vector such as a virus, bacteria, or inaminate source such as a "bullet", the introduction and insertion of the normal gene into the chromosome. The cells are replaced in the patient so that the normal gene can be expressed. Examples are the use in cystic fibrosis and SCID (a condition of immune deficiency, where the replaced gene allows for the production of the enzyme ADA - adenosine deaminase). A cure for talassemia is also possible.

3.4.14 Define clone. 

· Clone - a group of genetically identical organisms or a group of cells artificially derived from a single parent cell.

3.4.15 Outline a technique for cloning using differentiated cells. 


Following steps:

· The 8-cell stage embryo resulting from invitro fertilization is divided into separate cells. 

· Each cell is grown into an embryo again and then transferred to surrogate mothers such as cattle and sheep. 

· The process can be repeated many times to produce a line of offsprings that are all genetically identical, they are clones of the original embryo. 
For example, Dolly the sheep.

3.4.16 Discuss the ethical issues of cloning in humans. 

· Cloning happens naturally, for example monozygotic twins. Some may regard the invitro production of two embryos from one to be acceptable. Others would see this as leading to the selection of those "fit to be cloned" and visions of "eugenics and a super-race". Perhaps the most pressing question, however, is that of the status and rights of a theoretical human clone. What is being debated and discussed right now by lawmakers, ethicists and religious leaders is exactly this. Is a clone its own unique human being? Is cloning strictly for the purpose of stem cell production or organ harvesting legal or right? And what about reproductive cloning? These are only a very few of the issues that must be decided in the human cloning debate.

