Module 5                        Reproduction, Genetics and Taxonomic Diversity
	Content
	In
	Comments

	5.1
Meiosis
Chromosome number: haploidy and diploidy.

The process of meiosis (but excluding the names for the prophase stages) and its significance in producing haploid cells and genetic variation; independent assortment of chromosomes; recombination resulting from chiasma formation (crossing-over); the appearance and behaviour of chromosomes.
	4.12
	See also 19.6 for an account of the genetics of crossing over.

	Practical work to include the study of prepared slides/photographs of the process of meiosis.
	  
	Practical work is not covered.

	Links: 1.3, 1.4, 1.5
	  
	  

	5.2
Reproductive strategies
The contribution of asexual and sexual reproduction to the continuity of life.
	12.1
	  

	(a)
The principles of asexual reproduction and its adaptive value.
Plant tissue culture/micropropagation as an extremely cost-effective method of producing large numbers of genetically identical offspring (clones) from parent plants. An outline of the method involved: selection of the explant and its sterilisation; transfer to a nutrient medium, transfer to a multiplication medium, and finally transfer to a rooting (storage) medium. An appreciation of the problems associated with micropropagation.
	14.8
	Figure 3, spread 14.8 gives an outline of micropropagation.

	(b)
The principles of sexual reproduction and its adaptive value in generating variation; fertilisation as an essential feature.
The use of artificial insemination, and an outline of embryo manipulation/cloning and the use of embryo transplants in agriculture; the biological principles underlying in vitro fertilisation and the implantation of embryos as remedies for human infertility.

Links: 1.4, 1.5, 1.6
	18.10

12.6
	Figure 2, spread 18.10 shows how Dolly the sheep was cloned.

12.6 considers in vitro fertilisation in humans.

	5.3
Genes and patterns
Autosomes, sex chromosomes and sex determination in mammals. The inheritance of traits showing discontinuous variation. Mendel’s laws of inheritance: the law of segregation of factors; the law of independent assortment of factors. Alleles as alternative forms of the same gene; homozygotes and heterozygotes. Monohybrid and dihybrid inheritance. Genotype and phenotype; dominance and codominance; lethal allelic combinations. Multiple alleles. Sex linkage. Test crosses.
	19.1 to 19.8
	Sex determination is covered in 19.7; discontinuous variation in 19.1; Mendel’s law in 19.2; alleles, heterozygotes, and homozygotes in 19.3; monohybrid inheritance in 19.3; dihybrid inheritance in 19.5; genotype, phenotype and dominance in 19.3; codominance, lethal allelic combinations and multiple alleles in 19.4; sex linkage in 19.8, and test crosses in 19.3.

	Effects of the environment in contributing to the phenotype.
	19.1
	  

	Gene interaction including epistasis. The additive effects of genes (polygenes) in the inheritance of traits showing continuous variation.
	19.1 and 19.5
	Polygenic inheritance is covered in 19.1; epistasis in 19.5 (see Food for thought)

	Practical work should include one breeding experiment using Drosophila to demonstrate principles of inheritance and the analysis of experimental results for goodness of fit to expected ratios.
The study of a karyotype prepared from a print of human metaphase chromosomes.
	  
	Practical work is not covered.

	Links: 1.4
	  
	  

	5.4
Mechanism of change
Heterozygotes as important reservoirs of genetic variation. Mutation as a source of genetic variation. Gene mutation (limited to base deletions and substitutions) and chromosome mutation (aneuploidy and polyploidy); mutagenic agents. The significance of polyploidy in plant breeding.
	19.1, 19.9

20.9
	19.1 discusses variations and mutations.

19.9 describes Down’s syndrome, one form of aneuploidy (a condition resulting from not having the exact multiple of the haploid number of chromosomes); 

20.9 discusses polyploidy.

	The concept of the gene pool and population genetics: the application of the Hardy-Weinberg equation (p2 + 2pq + q2 = 1) to calculate allele and genotype frequencies in an outbreeding population. The Hardy-Weinberg principle and the influence of mutation, non-random fertilisation, migration and selection on allele and/or genotype frequencies.
	20.6
	  

	Selection (stabilising and directional) and its contribution to the maintenance of polymorphic populations and evolutionary change in populations.
	20.4

20.5
	20.4 discusses natural selection;

20.5 explains how it can lead to evolutionary change; and maintenance of polymorphic populations.

	Geographic isolation leading to allopatric speciation; other secondary isolating mechanisms.

Links: 1.4, 2.3
	20.8
	  

	5.5
Taxonomy
The concept of the species based on breeding compatibility and the production of fertile offspring. A hierarchical classification based on presumed phylogeny: organisms are named in a binary fashion consisting of genus and species; genera are organised into a hierarchy of higher taxa (family, order, class in ascending order); classes are arranged into phyla; phyla are classified into kingdoms. The five kingdom system of classification.
	20.8

21.1
	20.8 discusses the species concept.

21.1 deals with hierarchical classification and the five kingdom system.

	5.6
Kingdom Prokaryotae
Structure of prokaryotic cells. Reproduction by division. Example: a rod-shaped bacterium.

Links: 1.3, 1.6
	21.2
	See also 17.2 and 17.3.

	5.7
Kingdom Protoctista
Eukaryotic, unicellular or showing limited differentiation; some are heterotrophs (eg Phylum Protozoa) while some are autotrophs (eg Phylum Chlorophyta).

Links: 1.3
	21.3 and 21.4
	21.3 gives a general account of protoctists; 

21.4 describes some aspects of the biology of Amoeba and Euglena.

	5.8
Kingdom Fungi
The fungi as lysotrophs (decomposers) consisting of hyphae with chitinous cell walls and feeding by extracellular digestion. Example: a mould.

Links: 1.2, 1.3
	21.5
	See also 17.5 for an account of moulds.

	5.9
Kingdom Plantae
The plants as autotrophs (producers) possessing chlorophyll in chloroplasts and a cellulose cell wall.
	21.5
	  

	The divisions listed below should be studied to illustrate their differing levels of organisation and progression of life cycles.
	  
	  

	Division Bryophyta
Multicellular plants showing distinct differentiation. Life cycle with an alternation of generations in which the haploid gametophyte is dominant. Example: a moss.

Form:
These are multicellular plants showing adaptations to terrestrial life (presence of rhizoids in the gametophyte, and cuticle and stomata in sporophyte capsules) and possessing leaf-like structures for photosynthesis. The rhizoids do not deeply penetrate the soils, and moss distribution is therefore, limited to areas with water and ions close to the surface of the soil. Support is by turgor within the cells. There is no vascular tissue to strengthen the structures.

Life cycle:
The leafy moss structure is the haploid gametophyte. The stalk and capsule represent the diploid sporophyte. The leafy haploid gametophyte bears eggs enclosed in an archegonium and sperm are produced in an antheridium. The sperm swim in a film of water to an archegonium to fertilise the egg. The fertilised egg develops into the sporophyte which stays attached to the gametophyte and which bears a capsule within which spores are formed by meiosis. Germination of the spores by mitosis produces new independent gametophytes which then produce gametes by mitosis
	21.6
	Figure 1, spread 21.6 shows alternation of generations.

Figure 2, spread 21.6 shows the form of a common moss and different stages in the life cycle.

	Division Tracheophyta
Multicellular plants which are well differentiated and possessing a vascular system. Life cycle with an alternation of generations in which the diploid sporophyte is dominant, and in which the gametophyte is represented by a prothallus (pteridophytes) or by the contents of developing spores (spermatophytes). Examples: a fern (pteridophytes) and an angiosperm (spermatophytes).
	21.6
	21.6 describes the general features of tracheophytes; figure 2, spread 21.6 shows the body form and life cycle of a fern (note that ferns are now placed in the phylum Filicinophyta; formerly, they were placed in Pteridophyta).

	Form:
These are multicellular plants showing differentiation into true roots, stem and leaves. They are well adapted to terrestrial life with a waterproof cuticle, fine control over stomata and efficient water and nutrient distribution systems. There are well developed systems for water and ion distribution (xylem) and for the distribution of organic nutrients (phloem). Support is by turgor within cells and by the woody xylem vessels and other strengthening elements of the vascular bundles.

Life cycle:
The plant is a diploid sporophyte. The gametophyte is very much reduced. The mature sporophyte develops sporangia which produce spores by meiosis. These spores produce a miniature gametophyte which produces gametes by mitosis. These fuse to form a diploid zygote. The zygote grows into a new sporophyte. In ferns the gametophyte is a prothallus which produces antheridia and archegonia. The sporophyte is dependent on the prothallus for a short time after fertilisation. In angiosperms (flowering plants) the male gametophyte is the germinating pollen grain which produces the male gamete nuclei by mitosis. The male gamete is delivered to the female gamete via a pollen tube. The female gametophyte is the embryo sac which produces the egg nucleus by mitosis. Both the male and female gametes are protected from desiccation.

Links: 1.3, 1.5, 2.2
	21.7

14.1 to 14.4
	21.7 deals with general features of angiosperms and other spermatophytes.

14.1 to 14.4 deal with flower structure (14.1), gamete formation (14.2), pollination (14.3) and fertilisation (14.4) in flowering plants (angiosperms).

	5.10
Kingdom Animalia
The animals as heterotrophs capable of locomotion.
	21.8
	Note that not all animals are capable of locomotion throughout their life cycles; hydroids (spread 21.9) and barnacles (see figure 3, spread 22.5) are sedentary.

	Phylum Cnidaria
Diploblastic animals showing little differentiation. Example: Hydra.

These are multicellular animals with two body layers (ectoderm and endoderm) separated by a non-cellular, jelly layer (mesogloea). All forms are radially symmetrical. The body is supported by the aqueous medium and there is also a hydrostatic skeleton formed by the fluid-filled enteron.

Feeding:
Prey is captured by the use of stinging cells (cnidocysts) and conveyed to the mouth by tentacles. There is a single opening to the sac-like gut. Initial digestion is by extracellular secretions but the final phases of digestion are intracellular (endocytosis).
	21.9
	See also figure 1, spread 12.1 which shows Hydra budding.

	Phylum Platyhelminthes
Triploblastic animals showing tissue differentiation but no body cavity. Example: a planarian.

There are three body layers (ectoderm, mesoderm, endoderm) but no body cavity (acoelomate). All forms are bilaterally symmetrical, possessing well differentiated organ systems (eg for digestion). There is no specialised skeletal system but the mesoderm (mesenchyme) helps to support the body.

Feeding:
Planarians are normally detritivores but there are a few active predators. There is a single opening to the gut (mouth). Nutrients are distributed by extensions of the gut throughout the body. There is an initial extracellular phase of digestion but it is completed intracellularly.
	21.10
	Note that this section of the specification only refers to free-living platyhelminths.

	Phylum Annelida
Triploblastic animals with a body cavity (coelomate) and well developed tissue differentiation. Example: an earthworm.

There are three body layers (ectoderm, mesoderm and endoderm) with the mesoderm containing a body cavity (coelom) within which lies the well differentiated digestive and other systems. The body is bilaterally symmetrical, metamerically segmented and typically long and thin. A hydrostatic skeleton is formed from the segmental body cavities.

Feeding:
Earthworms are detritivores. The gut has both a mouth and an anus and shows regional specialisation. Digestion is extracellular and nutrients are distributed by a well developed circulatory system.
	21.12
	Figure 1(b), spread 21.12 shows an earthworm;

figure 2, spread 21.12 shows the position of the coelom.

See also 11.1 for a description of the hydrostatic skeleton.

Feeding in earthworms is not described, but 21.12 includes a description of the circulatory system.

	Phylum Chordata
Triploblastic, coelomate animals with an internal skeleton. Example: a small mammal.

There are three body layers (ectoderm, mesoderm and endoderm) with the mesoderm containing a body cavity within which lies the well differentiated digestive, reproductive, circulatory and excretory systems. Chordates are bilaterally symmetrical, segmented and have a post-anal tail. There is a stiff dorsal rod (notochord) or spinal column and segmental muscle blocks. The skeleton consists of an internal jointed system of calcified bones.

Feeding:
Mammals may be active predators, omnivores or herbivores. The gut has both a mouth and an anus and well developed specialised regions. Digestion is extracellular.

Practical work to include the study of appropriate living and preserved specimens, prepared slides and photographs of the organisms in 5.7 to 5.10 wherever possible.

Links: 1.3, 2.1 (b)
	21.18
	See also 9.1 for definition of omnivore and herbivore.

9.2 describes the gut of a mammal; 9.3 to 9.5 discusses mammalian digestion; and spread 9.9 and 9.10 deal with mammalian predators (carnivores) and herbivores respectively.


 

