Topics 4 and 10 Genetics

4.1     Chromosomes, genes, alleles and mutations

4.1.1    What are eukaryotic chromosomes made of?

4.1.2    Define gene, allele and genome.

4.1.3    Define gene mutation.

4.1.4    Explain the consequences of a base substitution mutation in relation to the 

            processes of transcription and translation, using the example of sickle-cell 

            anemia.

· GAG has mutated to what?

· This mutation causes glutamic acid to be replaced by what other amino acid?

· Explain the social issues associated with sickle-cell anemia, including the suffering due to anemia, personal feelings if one has either inherited or passed on the sickle-cell allele, questions relating to the desirability of genetic screening for the sickle-cell allele before having children, and the genetic counseling of carriers of the allele

· Discuss the ethical issues relating to screening of fetuses, and abortion of those found to have a genetic disease.

· How is the frequency of the sickle-cell allele correlated with the prevalence of malaria in many parts of the world? Explain the natural selection of the sickle-cell allele in malarial areas, despite it causing severe anemia in the homozygous condition. 

4.2     Meiosis
4.2.1   State that meiosis is a reduction division of a diploid nucleus to form haploid nuclei. 
   4.2.2    Define homologous chromosomes.
   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.

· When does crossing over (an exchange of genetic material between two non-sister chromatids) take place? 

· Name and discuss the stages of meiosis.

   4.2.4   Explain how nondisjunction can lead to changes in chromosome number.
· Use the example of Down Syndrome (trisomy 21) in your explanation.

   4.2.5    How are chromosomes arranged in karyotyping?
   4.2.6    State that karyotyping is performed using cells collected by chorionic villus 

               sampling or amniocentesis, for pre-natal diagnosis of chromosome 

               abnormalities.
· Discuss the ethical issues associated with karyotyping unborn fetuses and possible abortion if abnormalities are found.
· There is also evidence that, in some parts of the world, abortion on the basis of gender is carried out.

   4.2.7    Analyse a human karyotype to determine gender and whether nondisjunction 

               has occurred.
4.3    Theoretical Genetics
  4.3.1    Define genotype, phenotype,dominant allele, recessive allele, codominant allele, 

              locus, homozygous, heterozygous, carrier and test cross.
  4.3.2    Determine the genotypes and phenotypes of the offspring of a monohybrid cross 

              using a punnett grid.
· The grid should be labeled to include parental genotypes, gametes, and  

      both offspring genotype and phenotype.

  4.3.3    Define multiple alleles.
  4.3.4    Describe ABO blood groups as an example of codominance and multiple alleles.
·     Phenotype                Genotype

                O                              ii

                A                         IAIA  or  IAi

                B                         IBIB  or  IBi

               AB                           IAIB
  4.3.5    Explain how sex chromosomes control gender.
  4.3.6    Explain why some genes are located on the X chromosome, but not on the Y.   

              Are the X and Y homologous?
  4.3.7    Define sex linkage.
  4.3.8    Describe the inheritance of colour blindness and hemophilia as examples of sex 

              linkage.
· Xb and Xh is the notation for the alleles concerned. The corresponding dominant alleles are XB and XH.
  4.3.9    Explain why a human female can be heterozygous or heterozygous with respect 

              to sex-linked traits, but a human male cannot.
  4.3.10   Explain why females can be carriers of sex-linked traits, and males cannot.

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

· Statisticians are convinced that Mendel’s results are too close to exact ratios to be genuine.  Is it right to discard results that do not fit a theory?  Louis Pasteur is known to have done this.  
· What are some reasons for Mendel’s theories not being accepted by the scientific community for a long time? What is a paradigm shift?

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

· For dominant and recessive alleles, upper-case and lower-case letters, respectively, should be used.
· 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 coulors should be represented as CR and CW, respectively. For sickle-cell anemia, HbA is normal and HbS is sickle-cell.

4.4     Genetic Engineering and Biotechnology
   4.4.1    Outline the use of polymerase chain reaction (PCR) to copy and amplify minute 
                quantities of DNA.
   4.4.2    State that, in gel electrophoresis, fragments of DNA move in an electric field 

                and are separated according to their size.
   4.4.3    State that gel electrophoresis of DNA is used in DNA profiling.

   4.4.4    Describe the application of DNA profiling to determine paternity and also in 

               forensic investigations.
   4.4.5    Analyse DNA profiles to draw conclusions about paternity or forensic investigations.
   4.4.6    Outline three outcomes of the sequencing of the complete human genome.

   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.

   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.

· 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 plasmid formed can be inserted into new host cells and cloned

   4.4.9    State two examples of the current uses of genetically modified crops and 

               animals.

·    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
· consider the economic benefits of genetic modification to biotechnical companies that perform it

· consider the possibility that harmful changes to local economies could result

· consider the danger that wealth could become more  concentrated in a smaller percentage of the population if expensive but profitable new techniques are introduced
· inequality in wealth may become greater

   4.4.10   Discuss the potential benefits and possible harmful effects of one example of 

                genetic modification.

· 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

   4.4.11   Define clone.

   4.4.12   Outline a technique for cloning using differentiated animal cells.

· 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.

· therapeutic cloning is the creation of an embryo to supply embryonic 

      stem cells for medical use.
10.1     Meiosis

   10.1.1   Describe the behaviour of the chromosomes in the phases of meiosis.

   10.1.2   Outline the formation of chiasmata in the process of crossing over.

   10.1.3   Explain how meiosis results in an effectively infinite variety in gametes 

                through crossing over in prophase I and random orientation in metaphase I.

   10.1.4   State Mendel’s law of independent assortment.

   10.1.5   Explain the relationship between Mendel’s law of independent assortment and 

                meiosis.
10.2     Dihybrid crosses and gene linkage

   10.2.1   Calculate and predict the genotypic and phenotypic ratio of offspring of 

                dihybrid crosses involving unlinked autosomal genes.
   10.2.2   Distinguish between autosomes and sex chromosomes.

   10.2.3   Explain how crossing over between non-sister chromatids of a homologous pair 

                in prophase I can result in an exchange of alleles.

   10.2.4   Define linkage group.

   10.2.5   Explain an example of a cross between two linked genes.

· alleles are usually shown side by side in dihybrid crosses, for example TtBb

· in representing crosses involving linkage, it is more common to show them a s vertical pairs, for example





___TB___
                                                _________

                                                       tb

· this format is used on IB tests

   10.2.6   Identify which of the offspring are recombinants in a dihybrid cross involving 

                linked genes.

· in a cross of   ___TB___     

                               ________   the recombinants will be  

                                      tb
                                                  ___Tb___


   ___tb___

                                                  ________               and            ________

                                                         tb


          tb

10.3     Polygenic inheritance

   10.3.1   Define polygenic inheritance.

   10.3.2   Explain that polygenic inheritance can contribute to continuous variation using 
                two examples, one of  which must be human skin colour.
· consider the selective advantage of dark skin to protect against ultraviolet light and light skin to allow vitamin D production

· the correlation between skin colour and intensity of sunlight is clear, though the selective advantages of particular skin colours can now be overcome by the use of sun-block creams and vitamin D supplements
