Unit 2

GENETICS AND ADAPTATION

Meiosis and the Dihybrid Cross

· Before mitosis or meiosis each chromosome must replicate to form two chromatids.

· Meiosis forms 4 haploid (n) gamete cells from each diploid mother cell (2n).

· Meiosis takes place in two cycles or divisions.

· Division 1; separates the homologous chromosomes. Homologous chromosomes pair up, chiasma form then homologous chromosomes separate. Haploid number formed.

· Division 2; chromatids are separated.
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· During meiosis there is independent assortment of chromosomes which results in new combinations of phenotypes.

· Homozygous; two alleles the same: Hetreozygous: two alleles different.

· Dominant phenotype can be homozygous dominant or heterozygous.

· Recessive phenotype must be homozygous recessive.

· Dihybrid Cross
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· Genes on the same chromosome are described as linked.
· Chiasmata during the first division of meiosis may result in genetic material being exchanged between adjacent chromatids (crossing over).

· Crossing over of alleles between adjacent chromatids produces new combination of alleles in the gametes (recombinant gametes).

· Crossing over will result in offspring being formed with new combinations of phenotypes (recombinants).

· The further apart the genes the greater the chance of crossing over and the higher the frequency of recombination, i.e.

1 % recombination = unit distance between genes

· In humans and drosophila males are XY and females are XX.

· The X chromosome is larger than the Y chromosome.

· The extra genes only found on the X chromosome are called sex linked.

· Examples include: colour blindness, haemophilia and white eye (in drosophila).

· Sex linked phemotypes are more common in males; they only require one sex linked allele, females require two, e.g. haemophilia (N - normal; n - haemophilia allele)

	Normal male:
	haemophilic male:
	normal female:
	carrier female:
	haemophilic female

	XNY
	XnY
	XNXN
	XNXn
	XnXn


· Only mothers can pass on sex linked alleles to their sons.

Mutations

· Mutant alleles occur randomly and infrequently.

· The rare of mutation can be increased by chemicals ( e.g. mustard gas) and radiation (e.g. DV, X-rays, gamma radiation, heat)

· A change in chromosome number may result from non-disjunction, i.e. non-separation of homologous chromosomes due to spindle failure.

· Down's syndrome: extra number 21 chromosome leads to mental retardation. Polyploidy: caused by complete non-disjunction, increase in the number of sets of chromosomes to 3n, 4n etc. This may increase the vigour, yield and disease resistance of crops.

· Polyploidy can be artificially induced using the chemical colchicines.

· The number or sequence of genes may be altered by: (DDTI)

duplication; part of the gene sequence being repeated

deletion; genes being removed

translocation; genes moving onto one chromosome from another

inversion; part of the gene sequence being reversed.

· Gene mutations involve changes in the base sequence of the gene. These will change the codons on the mRNA and so affect the amino acid sequence and therefore the nature of the protein formed. (SIDI)

substitution; one base replaced by another

insertion; extra base added (inserted)

deletion; a base removed (deleted)

inversion; the order of two or more bases reversed

· Insertions and deletions are often fatal because the protein formed is greatly altered.

Selection and speciation
· A species is a group of individuals which can interbreed to produce fertile offspring. Evolution takes place through natural selection:

more offspring produced than the environment can support;

variation exists within the species;

there is a struggle for survival;

the fittest survive longest and produce most offspring;

favourable genes are passed on to the offspring.

· Variations, essential for evolution, result from mutation and sexual reproduction. 
· Sexual reproduction creates variation through the independent assortment of chromosomes and crossing over during meiosis.
.

· Speciation (the formation of a new species) follows the sequence:



isolation ( mutation ( natural selection ( new species

· Isolating barriers prevent gene flow between populations:

Geographical; mountain ranges, seas, deserts

Ecological; different temperature zones

Reproductive; different courtship, flowering times

· Adaptive radiation is the development of new species from a common ancestor to exploit different available niches, e.g. diversity of marsupials in Australia, buttercups 
· Evidence of homologous structures, e.g. pentadactyle limb in mammals, supports the theory of adaptive radiation.

· The development of antibiotic resistant strains of bacteria supports the theory of evolution:

within the bacterial population there are variations;

some bacteria posses a gene which produces antibiotic resistance;

the presence of the antibiotic ensures that only those bacteria with the resistant gene survive;

these bacteria multiply producing a resistant bacteria.

· Changes in the peppered moth population are caused by natural selection:

two form of the moth exist -light/speckled and dark (melanin);

during the day they rest on the bark of trees;

before the industrial revolution trees were covered with lichens which provided camouflage for the light form providing protection against bird predators;

the dark form were easily spotted and eaten;

the light form was, therefore much more common;

pollution from the industrial revolution killed the lichens and turned the bark black;

natural selection resulted in an increase in the numbers of the dark form and a reduction in the numbers of the light form.

· Extinction of species may result from global climate changes, habitat destruction and over hunting.

· Species may be conserved by setting up wild life reserves, captive breeding programmes and cell banks.

· Maintaining genetic diversity is important to provide future food, fuel, medicines and raw materials and genes for improving domesticated varieties.

Artificial selection
· By selecting breeding stock man has been able to produce plants and animals with particular characteristics, e.g. dairy cattle with high milk yields. Different brassicas ​cabbage, cauliflower etc.

· Crossing different breeds (hybridising) will improve the vigour of the offspring. Genetic engineering changes the genetic composition of an organism by adding genes from another organism.

· Genes are removed from a donor cell and inserted into a plasmid of a bacterial cell; 
the required genes are located using gene probes or by examining the chromosomes banding patterns;

endonuclease enzymes cut out the required gene and cut open the plasmid; ligase enzymes' glue' the gene into the plasmid.

the plasmid is replaced in the bacterial cell and the cell is cultured.

· New species of plants can be produced by somatic fusion:

cell walls are removed from cells of different plants using cellulose enzymes to form protoplasts.

the protoplasts can now join to form a hybrid cell which is grown into a new plant.

· This overcomes the problems of sexual incompatibility.
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ADAPTION

Maintaining a Water Balance

1.
Animals

· Fresh water fish remove excess water by producing a large volume of very dilute urine. Their kidneys have many, large glomeruli allowing a high rate of blood filtration.

· Lost salts are replaced by the chloride secretory glands.

· Marine fish drink large volumes of water to replace the water lost. The kidneys have few, small glomeruli, a low rate of blood filtration and produces a small volume of urine.

· The chloride secrerory glands remove excess salt from the body.

· Migratory fish, e.g. salmon, eels, can reverse the action of their chloride secretory glands and adjust the rate of blood filtration in the kidneys

· Adaptations of desert rat to desert life:

	
	Adaptation
	Reason

	physiological
	mouth and nasal passage dry does not sweat
	reduce evaporation

	
	high level of ADH long kidney tubule

waste almost dry
	reduce water loss

	behavioural
	active at night lives in burrows during

day
	keep cool and reduce

water loss


2.
Plants

· Water enters root hair cells by osmosis.

· Movement of water through the plant:

Root hair ( cortex ( xylem ( leaf mesophyll ( atmosphere

· Water evaporating from the leaves draws water up through the plant.

· Cohesion and adhesion allow the water column to be pulled up though the stems without breaking. Cohesion attracts water molecules to each other, holding them together.

· Adhesion attracts the water to the walls of the xylem.

· During the day guard cells gain water, become more turgid and open the stoma

· At night the guard cells lose water, become less turgid and close the stoma.

· Transpiration helps to cool the leaves.

· Nutrient ions enter the roots by active transport and are carried around the plant in the transpiration stream.

· Xerophytic adaptations to dry environments:

	Adaptation
	Reason
	Effect

	thick cuticle
	waterproof
	less evaporation

	narrow leaves
	reduced surface area
	

	leaves reduced to spines
	
	

	reduced number of stomata
	
	

	spherical shape
	
	

	reversed stomatal rhythm
	stomata open when cool
	

	epidermal hairs
	traps moist air
	

	folded leaves
	
	

	sunken stomata
	
	

	succulent tissue
	stores water
	tolerate dry periods

	superficial roots
	absorbs water from light rain
	increased efficiency of water uptake

	deep tap roots
	reach deep water
	


· Hydrophyte adaptations to life in water:

	Adaptation
	Reason
	Effect

	long leaf stalks
	leaves reach surface
	gas exchange with air

	stomata on upper leaf surface
	stomata contact air
	

	no cuticle on submerged leaves
	no barrier to diffusion
	gases easily exchanged with water

	air spaces in stems
	provided buoyancy
	raises stems close to surface

	central xylem reduced
	stem flexible
	less damage done by current

	narrow submerged leaves
	less water resistance
	


Obtaining Food

1.
Animals

· Animals are mobile and will search for their food.

· Foraging behaviour is the search for food by animals.

· Search patterns are used by animals to increase their chances of finding food.

· These will vary depending on the species and the availability of food.

· To survive the energy used in foraging must be less than the energy obtained from the food.

· The efficiency of foraging is increased by a short search time, short pursuit, easy kill and large prey

Size.
· For optimal foraging these factors must be balanced to ensure the maximum net energy gain Interspecific competition occurs when members of different species compete for similar resources, e.g. food. Example; red and grey squirrel

.......

· Competition may result in one of the species being eliminated.

· Interspecific competition may be reduced by eating different food, feeding at different times, occupying different habitats etc.

· Intraspecific competition (between members of the same species) is more intense because they are

competing for exactly the same resources.

· Territorial behaviour, e.g. in robins, is a response to intraspecific competition.

· Territories are marked by displaying, singing, scent making etc.

· Territories must be large enough to bring up their offspring.

· Territories are defended intensely with the occupier usually winning the contest.

· Within a social groups there is a dominance hierarchy from the most dominant to the most subordinate.

· Social signals are used to indicate position within the social hierarchy. In wolves dominance is

indicated by raised ears, hackles and tail and bearing the teeth.

· Submission is shown by lowering ears, hackles and tail and teeth covered.

· Dominance hierarchy reduces aggression, reduces the energy wasted in competition; and ensures that the fittest and most dominant, obtain most food and most mates so pass on their genes to the next generation.

· Co-operative hunting involves the members of the group working together to catch "their prey, e.g. African wild dogs will take turns to run down their prey; wolves and lions will chase their prey into ambushes.

· Benefits of co-operative hunting include:

larger prey can be killed,

more food is provided than by foraging alone,











subordinate members receive a share of the food.

· Co-operative hunting and sharing will continue as long as the rewards are greater than I> that for foraging alone.

2.
Plants

· Unlike animals which are mobile heterotrophs (need a ready made source of food), green plants are sessile (must remain in one place) and autotrophic (make their own food). To survive, the plant must be able to obtain all that it requires from its immediate surroundings.

· Both inerspecific and intraspecific competition occurs between plants for resources,


e.g. light, water, minerals etc.

· For plants to survive their rate of photosynthesis (food/energy gained) must be equal to or greater than their rate of respiration (food/energy used).

· Compensation point is the point at which the rate of photosynthesis in a plant equals the rate of respiration. At this point:

food made = food used,

the mass does not change,

oxygen taken in = oxygen given out,

CO2 taken in = CO2 given out.

· Compensation period is the period of time it takes for a plant to reach its compensation point after

being in darkness.

· Shade plants can compete successfully on the forest floor where there is little light because:

they have a low compensation point,

they have a short compensation period.

· Sun plants require high levels of light and tend to live in open areas with no shade because:

they have a high compensation point,

they have a long compensation period.

· Grazing by herbivores affects the diversity of plant species:

heavy grazing reduces the number of species (diversity) because only certain species can tolerate this,

light grazing reduces diversity because the most efficient competitors will exclude the less efficient,

moderate grazing increases diversity because the most competitive species are kept in check allowing the less competitive species a chance to survive.

Coping with Danger

1.
Animals
· A voidance behaviour in animals is designed to reduce the risk of being eaten, e.g. snails retreat into their shells when they detect danger (vibrations).

· Habituation is when an animal stops responding to repeated harmless stimuli, e.g. the snail does not retreat into its shell after repeated tapping.

· Habituation is a short term modification of behaviour designed to reduce the energy wasted in unnecessary escape responses.

· Learning is a long term modification of behaviour designed to improve the survival chances of the animal, e.g. toads learn to avoid the striped markings of a wasp.

· Individual mechanisms of defence include:

	Type of Defence
	Example

	active
	rapid escape

	
	produce foul smell

	
	poisonous bite

	
	irritating bristles

	
	feigning death

	
	distracting displays

	passive
	protective coverings

	
	camouflage

	
	mimic markings


· Social defences increase the survival chances of all members of the group.

· Many pairs of eyes will detect predators more quickly.

· Predators may be confused when the group disperses.

· The group may be able to fight off predator.

2.
Plants
· Plants can defend themselves against herbivores using:

thorns, e.g. hawthorn;

spines, e.g. gorse;

stings, e.g. nettles.

· Many plants can tolerate grazing by having;

deep root systems from which can grow new leaves, e.g. dandelions; 
underground stems which can grow new shoots, e.g. couch grass;

meristems close to the ground from which can grow new leaves, e.g. grasses.
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