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IB 

Topic 3:  Genetics (15 hours)

4.1Chromosomes, genes, alleles and mutations   (2 hours)

4.1.1
State that eukaryote chromosomes are made of DNA and proteins.    1

(For SL the names of the proteins (histones) are not required, nor is the structural relationship between DNA and the proteins.)

4.1.2 
Define gene, allele and genome.
1

Gene: a heritable factor that controls a specific characteristic. 
(The differences between structural genes, regulator genes and genes coding for tRNA and rRNA are not expected at SL).

Allele: 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.

Genome: the whole of the genetic information of an organism.

4.1.3
Define gene mutation.

1

(The terms point mutation or frameshift mutation will not be used.)

4.1.4
Explain the consequence of a base substitution mutation in relation to the processes of transcription and translation, using the example of sickle-cell anemia.  3

GAG has mutated to GTG

causing glutamic acid to be replaced by valine, 

and sickle-cell anemia.

Aim8: There are ethical issues relating to screening of fetuses and abortion of those found to have a genetic disease.

TOK: Where a correlation is found, a causal link may or may not be present. 
The frequency of the sickle-cell allele is correlated with the prevalence of malaria in many parts of the world. In this case, there is a clear causal link. 

There has clearly been natural selection in favour of the sickle-cell allele in malarial areas, despite it causing severe anemia in the homozygous condition. Natural selection has led to particular frequencies of the sickle-cell and the normal hemoglobin alleles, to balance the twin risks of anemia and malaria.

4.2Meiosis
3 hours

4.2.1
State that meiosis is a reduction division of a diploid nucleus to form haploid nuclei.
1

4.2.2
Define homologous chromosomes.
1

4.2.3
Outline the process of meiosis, including pairing of homologous chromosomes and crossing over, followed by two divisions, which results in four haploid cells.
2

Limit crossing over to the exchange of genetic material between non-sister chromatids during prophase I. (Names of the stages are required.)

4.2.4
Explain that non-disjunction can lead to changes in chromosome number, illustrated by reference to Down syndrome (trisomy 21).
3

(The characteristics of Downs syndrome are not required.)

4.2.5
State that, in karyotyping, chromosomes are arranged in pairs according to their s_____ and st_________.
1

4.2.6
State that karyotyping is performed using cells collected by
 
chorionic v________ s__________ or am_____________, for pre-natal diagnosis of chromosome abnormalities.  1

Aim 8: There are ethical and social issues associated with karyotyping of unborn fetuses because this procedure allows parents to abort fetuses with a chromosome abnormality. There is also evidence that, in some parts of the world, abortion on the basis of gender is carried out.

TOK: Various questions relating to karyotyping could be raised, including balancing the risks of side-effects (for example, miscarriage) against the possibility of identifying and aborting a fetus with an abnormality. 

4.2.7
Analyse a human karyotype to determine gender and whether non-disjunction has occurred.
3

Karyotyping can be done by using enlarged photographs of chromosomes.

4.3Theoretical genetics
5 hours

4.3.1
Define genotype, phenotype, dominant allele, recessive allele, codominant alleles, locus, homozygous, heterozygous, carrier and test cross.
1

Re-arrange these definitions that have been JUMBLED UP
	Genotype
	 an allele that has the same effect on the phenotype whether it is present in the homozygous or heterozygous state.

	Phenotype
	 an allele that only has an effect on the phenotype when present in the homozygous state.

	Dominant allele
	 an individual that has one copy of a recessive allele that causes a genetic disease in individuals that are homozygous for this allele.

	Recessive allele
	 having two different alleles of a gene.

	Codominant alleles
	 having two identical alleles of a gene.

	Locus
	 pairs of alleles that both affect the phenotype when present in a heterozygote. (The terms incomplete and partial dominance are no longer used.)

	Homozygous
	 testing a suspected heterozygote by crossing it with a known homozygous recessive. (The term backcross is no longer used.)

	Heterozygous
	 the alleles of an organism.

	Carrier
	 the characteristics of an organism.

	Test cross
	 the particular position on homologous chromosomes of a gene.


4.3.2
Determine the genotypes and phenotypes of the offspring of a monohybrid cross using a Punnett grid.
3

The grid should be labelled to include:

parental genotypes, 

gametes

Punnett Grid

offspring genotype 

offspring phenotype.

4.3.3  State that some genes have more than two alleles (multiple alleles).
1

4.3.4
Describe ABO blood groups as an example of codominance and multiple alleles.

2

4.3.5
Explain how the sex chromosomes control gender by referring to the inheritance of X and Y chromosomes in humans.
3

4.3.6
State that some genes are present on the X chromosome and absent from the shorter Y chromosome in humans. 
1

4.3.7
Define sex linkage.
1

4.3.8
Describe the inheritance of colour blindness and hemophilia as examples of sex linkage.
2

Both colour blindness and hemophilia are produced by a recessive sex-linked allele on the X chromosome. Xb and Xh is the notation for the alleles concerned. The corresponding dominant alleles are XB and XH.

4.3.9  State that a human female can be homozygous or heterozygous with respect to sex-linked genes.   1

4.3.10    Explain that female carriers are heterozygous for X-linked recessive alleles. 3

4.3.11   Predict the genotypic and phenotypic ratios of offspring of monohybrid crosses involving any of the above patterns of inheritance.   3

Give one example of a problem you have solved for each of the patterns

	Mono-hybrid cross
	Multiple Alleles
	Co-dominance
	Sex linkage
	Inheritance of Gender

	
	
	
	
	


Aim 8: Statisticians are convinced that Mendel’s results are too close to exact ratios to be genuine. We shall never know how this came about, but it offers an opportunity to discuss the need for scientists to be truthful about their results, whether it is right to discard results that do not fit a theory as Louis Pasteur is known to have done, and the danger of publishing results only when they show statistically significant differences.

TOK: Reasons for Mendel’s theories not being accepted by the scientific community for a long time could be considered. Other cases of paradigm shifts taking a long time to be accepted could be considered. Ways in which individual scientists are most likely to be able to convince the scientific community could be considered, and also the need always to consider the evidence rather than the views of individual scientists, however distinguished.

4.3.12  Deduce the genotypes and phenotypes of individuals in pedigree charts.  3

For dominant and recessive alleles, upper-case and lower-case letters, respectively, should be used. Letters representing alleles should be chosen with care to avoid confusion between upper and lower case.

For codominance, the main letter should relate to the gene and the suffix to the allele, both upper case. For example, red and white codominant flower colours should be represented as CR and Cw, respectively. For sickle-cell anemia, HbA is normal and HbS is sickle cell.

Give a couple of examples of problems you have solved:

Aim 8: There are many social issues in families in which there is a genetic disease, including decisions for carriers about whether to have children, personal feelings for those who have inherited or passed on alleles for the disease, and potential problems in finding partners, employment and health or life insurance. There are ethical questions about whether personal details about genes should be disclosed to insurance companies or employers. Decisions may have to be made about whether or not to have screening. These are particularly acute in the case of Huntington disease.

4.4Genetic engineering and biotechnology 
5 hours

4.4.1
Outline the use of polymerase chain reaction (PCR) to copy and amplify minute quantities of DNA.
2      (Details of methods are not required.)

4.4.2
State that, in gel electrophoresis, fragments of DNA move in an electric field and are separated according to their size.
1

4.4.3
State that gel electrophoresis of DNA is used in DNA profiling.
1

4.4.4
Describe the application of DNA profiling to determine paternity and also in forensic investigations.
2

Aim 8: There is a variety of social implications stemming from DNA profiling, such as identity issues for a child who learns unexpectedly who his or her biological father is, self-esteem problems for someone who learns he is not a father, problems in relationships where the male partner learns that he did not father a child, but also relief for crime victims when those responsible for the crime are identified and convicted, sometimes decades later.

TOK: A comparison could be made between blood groups and DNA profiles in their potential for determining paternity. The difficulty in assessing the chance of two individuals having the same profile could be discussed, and also the success of DNA profiling in securing convictions in some of the high-profile legal cases of recent years.
4.4.5
Analyse DNA profiles to draw conclusions about paternity or forensic investigations.

3

The outcomes of this analysis could include knowledge of the number of human genes, the location of specific genes, discovery of proteins and their functions, and evolutionary relationships.

Aim 8: We can either emphasize the large shared content of the human genome, which is common to all of us and should give us a sense of unity, or we can emphasize the small but significant allelic differences that create the biodiversity within our species, which should be treasured. 

TOK: The Human Genome Project was an international endeavour, with laboratories throughout the world collaborating. However, there were also efforts in some parts of the world to gain commercial benefits from the outcomes of the project.

The data from the Human Genome Project can be viewed in different ways: it could be seen as a complete account of what makes up a human, if one takes a reductionist view of life, or, alternatively, as merely the chemical instructions that have allowed a huge range of more significant human characteristics to develop. This could lead to a discussion about the essential nature of humanity.

4.4.6
Outline three outcomes of the sequencing of the complete human genome.
2

Outcome 1

Outcome 2

Outcome 3

4.4.7
State that, when genes are transferred between species, the amino acid sequence of polypeptides translated from them is unchanged because the genetic code is universal.
1

Aim 8: There is an ethical or moral question here: whether it is right to change the genetic integrity of a species by transferring genes to it from another species. The discussion could include the wider question of selective breeding of animals, and whether this is distinctively different and always acceptable. The possibility of animals suffering as a result of genetic modification could be considered.

4.4.8
Outline a basic technique used for gene transfer involving plasmids, a host cell (bacterium, yeast or other cell), restriction enzymes (endonucleases) and DNA ligase. 2

The use of E.coli in gene technology is well documented. Most of its DNA is in one circular chromosome, but it also has plasmids (smaller circles of DNA). These plasmids can be removed and cleaved by restriction enzymes at target sequences. DNA fragments from another organism can also be cleaved by the same restriction enzyme, and these pieces can be added to the open plasmid and spliced together by ligase. The recombinant plasmids formed can be inserted into new host cells and cloned.

4.4.9
State two examples of the current uses of genetically modified crops or animals.
1

Examples include salt tolerance in tomato plants, synthesis of beta-carotene (vitamin A precursor) in rice, herbicide resistance in crop plants and factor IX (human blood clotting) in sheep milk.

Aim 8: The economic benefits of genetic modification to biotechnology companies that perform it could be considered. Also mention the possibility that harmful changes to local economies could result, and the danger that wealth could become more concentrated in a smaller percentage of the population if expensive but profitable new techniques are introduced. In this respect, inequalities in wealth may become greater.

4.4.10

Discuss the potential benefits and possible harmful effects of one example of genetic modification.
3

Example: ___________

Potential benefits: 

Possible harmful effects: 

Aim 8: There are ethical questions here about how far it is acceptable for humans to change other species, as well as other ecosystems, in order to gain benefit for humans.

TOK: This is an opportunity to discuss how we can assess whether risks are great enough to justify banning techniques and how the scientific community can inform communities generally about potential risks. Informed decisions need to be made but irrational fears should not be propagated. Consideration could be given to the paradox that careful research is needed to assess the risks, but performing this research in itself could be risky. Do protesters who destroy trials of GM crops make the world safer?

4.4.11

Define clone.
1

Clone: a group of genetically identical organisms or a group of cells derived from a single parent cell.

4.4.12

Outline a technique for cloning using differentiated animal cells.
2

Aim 8: Ethical questions about cloning should be separated into questions about reproductive cloning and therapeutic cloning. Some groups are vehemently opposed to both types.

4.4.13

Discuss the ethical issues of therapeutic cloning in humans.

3

Therapeutic cloning is the creation of an embryo to supply embryonic stem cells for medical use.

