UNIT 2: Control, Genomes and Environment (F215)

MODULE 1 – CELLULAR CONTROL AND VARIATION
CELLULAR CONTROL
A) State that genes code for polypeptides, including enzymes
B) Explain the meaning of the term “genetic code”
-The genetic code is the sequence of nucleotide bases on a gene which provides a code, with instructions for the construction of a polypeptide or protein. It has a number of characteristics:
· It is a triplet code. 3 nucleotide bases code for an amino acid. 64 triplet sequences, only 20 amino acids.
· It is a degenerate code – all amino acids except methionine have more than one code.
· Some codons don’t correspond to an amino acid but indicate ‘stop’ which ends the polypeptide chain. (Stop/termination codon)
· It is widespread but not universal – Codons usually code for the same amino acid in every organism which is useful in genetic engineering, but this isn’t always the case.
C) Describe, with the aid of diagrams, the way in which a nucleotide sequence codes for the amino acid sequence of a polypeptide
· Free RNA nucleotides are activated; two extra phosphoryl groups are added to make ATP, CTP, GTP and UTP.
·  The gene to be transcribed unwinds and unzips. To do this the length of DNA that makes up the gene dips into the nucleolus and the hydrogen bonds between the nucleotide bases break. 
· Activated RNA nucleotides bind using hydrogen bonds, with their complementary exposed bases on the template strand. This is catalysed by the enzyme RNA polymerase. 
· The two extra phosphoryl groups (phosphates) are release, which releases energy for bonding adjacent nucleotides.
· The mRNA produced is complementary to the nucleotide base sequence on the template strand of the DNA and is therefore a copy of the base sequence on the coding strand on the length of DNA.
· The mRNA is released from the DNA and passes to a ribosome through a pore in the nuclear envelope.
D) Describe, with the aid of diagrams, how the sequence of nucleotides within a gene is used to construct a polypeptide, including the roles of messenger RNA, transfer RNA and ribosomes
· A molecule of mRNA binds to a ribosome. Two codons are attached to the small subunit of the ribosome and exposed to the large subunit. The first exposed mRNA codon is always AUG. Using ATP energy and an enzyme, a tRNA molecule with the amino acid methionine and the anticodon UAC forms hydrogen bonds with this codon. 
· A second tRNA, bearing a different amino acid, binds to the second exposed codon with its complementary anticodon.
· A peptide bond forms between the two adjacent amino acids, this reaction is catalysed by an enzyme present in the small ribosomal subunit. 
· The ribosome now moves along the mRNA, reading the next codon. A third tRNA brings another amino acid, and a peptide bond forms between it and the dipeptide. The first tRNA leaves and is able to collect and bring another of its amino acids.
· The polypeptide chain grows until a stop codon is reached. There are no corresponding tRNAs for these three codons, UAA, UAC or UGA, so the polypeptide chain is now complete. 
E) State that cyclic AMP activates proteins by altering their 3D structure
F) State that mutations cause changes to the sequence of nucleotides in DNA molecules
G) Explain how mutations can have beneficial, neutral or harmful effects on the way a protein functions
Beneficial – 
The mutation changes the sequence of amino acids and therefore the phenotype, but this gives the organism an advantageous characteristic 
e.g. paler skin in more temperate climates absorbs more vitamin D
Neutral – 
It is a mutation in a non-coding region of DNA 
It is a silent mutation – although the base triplet has changed, it still codes for the same amino acid and so the protein is unchanged
Harmful – The mutation changes the sequence of amino acids and therefore the phenotype, and the resulting characteristic is harmful 
E.g. paler skin a hotter climate burns more easily 
Sickle-cell anaemia and cystic fibrosis are caused by mutations
H) Explain genetic control of protein production in a protein using the lac operon 
E.coli grown in a culture medium with no lactose can be placed in a growth medium with lactose. At first they cannot metabolise the lactose because they only have tiny amounts of the enzyme needed to catalyse the reaction. A few minutes after the lactose is added, E.coli increases the rate of synthesis of these enzymes by about 1000 times, so lactose must trigger the production of them – it is the inducer. 
When lactose is absent
1. The regulator gene is expressed and the repressor protein in synthesised. It has two binding sites, one that binds to lactose and one that binds to the operator region.
2. In binding to the operator region it covers the part of the promoter region where RNA polymerase normally attaches
3. RNA polymerase cannot bind to the promoter region so the structural genes cannot be transcribed into mRNA
4. Without mRNA the genes cannot be translated and β-galactosidase and lactose permease cannot be synthesised.


When lactose is added
1. Lactose binds to the other site on the repressor protein, causing the molecule to change shape which prevents the other binding site from binding to the operator region. The repressor dissociates from the operator region. 
2. This leaves the promoter region unblocked. RNA polymerase can now bind to it and initiate the transcription of mRNA for genes Z and Y.
3. The operator-repressor-inducer system acts as a molecular switch. It allows transcription of the structural genes Z and Y. 
4. As a result, the bacteria can now use the lactose permease enzyme to take up lactose from the medium into their cells. They can then convert it into glucose and galactose using the β-galactosidase enzyme. These sugars can then be used for respiration.    
I) Explain that the genes that control development of body plans are similar in plants, animals and fungi, with reference to homeobox sequences
The genes that control the development of body plans (homeotic genes) are similar in plants, animals and fungi. They are expressed in specific patterns and at particular stages of development when activated by proteins. 
The homeobox is a sequence of DNA that codes for a region of 60 amino acids found in many, if not all, eukaryotes. This region is able to bind to DNA so that the proteins can regulate transcription. In animals, the homeobox is common in genes concerned with the control of developmental events such as segmentation the establishment of an anterior-posterior axis, and the activation of body parts such as limbs.  
J) Outline how apoptosis (programmed cell death) can act as a mechanism to change body plans
Apoptosis is an integral part of plant and animal tissue development. It is a series of biochemical events that leads to an ordinary and tidy cell death, in contrast to cell necrosis which leads to the release of harmful hydrolytic enzymes. Apoptosis ensures that the rate of cells produced by mitosis is equal to the rate of cells dying, so the number of cells remains constant. Not enough apoptosis leads to cancer, but too much leads to cell loss and degeneration. Apoptosis causes the digits to separate during development. 
1. Enzymes break down the cell cytoskeleton
2. The cell cytoplasm becomes dense, with organelles tightly packed
3. The cell surface membrane changed and small bits called blebs form
4. Chromatin condenses and the nuclear envelope breaks and DNA breaks into fragments
5. The cell breaks into vesicles that are taken up by phagocytosis. The cellular debris is disposed of and does not damage any other cells or tissues
6. The whole process occurs very quickly.
MEIOSIS AND VARIATION
A) Describe, with the aid of diagrams and photographs, the behaviour of chromosomes during meiosis, and the associated behaviour of the nuclear envelope, cell membrane and centrioles.
MEIOSIS 1
	Prophase 1
1. Chromatin condenses and supercoils (shorter and thicker) can be seen under microscope
2. Chromosomes come together in their homologous pairs to form bivalents. Each member of the pair has the same genes at the same loci. Each pair consists of a maternal and paternal chromosome.
3. The non sister chromatids wrap around each other and attach at points called chiasmata
4. They may swap sections of chromatids with one another in a process called crossing over
5. The nucleolus disappears and the nuclear envelope disintegrates
6. A spindle made of microtubules forms
Metaphase 1
1. Bivalents line up across the equator of the spindle, attached to spindle fibres at centromere
2. The bivalents are arranged randomly (random assortment) with each member of a homologous pair facing opposite poles  in order to allow independent segregation later on
  Anaphase 1
1. Homologous pairs in each bivalent are pulled apart by the spindle fibres to opposite poles
2. The centromeres don’t divide
3. Chiasmata separate and lengths of chromatid that have been crossed over remain with the chromatid to which they have become newly attached
Telophase 1
1. In most animal cells two new nuclear envelopes form – one around each set or chromosomes at each pole and the cell divides by citokinesis. There is a brief interphase and the chromosomes uncoil
2. In most plant cells the cell goes straight from anaphase 1 into meiosis 2.
  MEIOSIS 2 – occurs at right angles to meiosis 1
        Prophase 2
1. If a nuclear envelope has reformed, it breaks down again
2. The nucleolus disappears, chromosomes condense and spindles form
Metaphase 2
1. The chromosomes arrange themselves on the equator of the spindle. They are attached to the spindle fibres at the centromeres
2. The chromatids of each chromosome are randomly assorted
Anaphase 2
1. The centromeres divide and the chromatids are pulled to opposite poles by the spindle fibres. The chromatids randomly segregate.
Telophase 2
1. Nuclear envelopes reform around the haploid daughter nuclei
2. In animals, the two cells now divide to give four haploid cells
3. In plants, a tetrad of four haploid cells is formed
B) Know the names of the main stages (but not sub-stages) of meiosis
C) Explain how meiosis and fertilisation can lead to variation through the independent assortment of alleles
Meiosis: 
· Crossing over ‘shuffles’ alleles (prophase 1)
· Random distribution and subsequent segregation of maternal and paternal chromosomes in the homologous pairs leads to genetic reassortment (meiosis 1)
· Genetic reassortment due to random distribution and segregation of sister chromatids (meiosis 2)
· Random mutation
Fertilisation:
· Randomly combining two sets of chromosomes, one from each of two genetically unrelated individuals
D) Explain the terms allele, locus and crossing over
Allele: A version of a gene. A gene is a length of DNA that codes for one or more polypeptides
Locus: The specific position of a specific gene on a chromosome
Crossing over: Where lengths of DNA are exchanged between one non-sister chromatid and another in prophase 1
E) Explain the terms genotype, phenotype, dominant, recessive, codominant and linkage
Genotype: Alleles present within cells of an individual for a particular trait/characteristic
Phenotype: Observable characteristics of an individual
Dominant: Characteristic in which the allele responsible is expressed in the phenotype even in those with heterozygous genotypes
Recessive: Characteristic in which the allele responsible is only expressed in the phenotype if there is no dominant allele present
Codominant: A characteristic where both alleles contribute to the phenotype
Linkage: Genes for different characteristics that are present at different loci on the same chromosome are linked
F) Use genetic diagrams to solve problems involving sex linkage
E.g. Haemophilia 
	Parental phenotypes
	Carrier Mother
	Normal Father

	Parental genotypes
	XHXh
	XHY

	Gametes
	XH
	Xh
	XH
	Y



	
	Male Gametes

	Female Gametes
	XH
	Y

	XH
	XHXH
Normal female
	XHY
Normal Male

	Xh
	XHXh
Carrier Female
	XhY
Haemophiliac Male



The gene for haemophilia is carried on the X chromosome. Males on have one copy of this chromosome so if they have the allele for Haemophilia they will be affected.
G) Use genetic diagrams to solve problems involving codominance
E.g. Blood type
	Parental phenotypes
	A Mother
	B Father

	Parental genotypes
	BABO
	BBBO

	Gametes
	BA
	BO
	BB
	BO




	
	Male Gametes

	Female Gametes
	BB
	BO

	BA
	BABB
AB Blood
	BABO
A Blood

	BO
	BBBO
B Blood
	BOBO
O Blood



If both the A and B alleles are present in the genotype, the phenotype will be AB – they are codominant. The O allele is recessive, so it will not be expressed in the phenotype unless the alleles A or B are not present. 
H) Describe the interactions between loci (epistasis)
Epistasis is the interaction of different gene loci so that one gene locus masks or suppresses the expression of another gene locus
· Recessive epistasis
The homozygous presence of a recessive allele prevents the expression of another allele at a second locus
E.g. flower colour in Salvia 
The alleles for purple (B) and pink (b) can only be expressed in the presence of the allele A. When the genotype is aa—the flower is white.
· Dominant epistasis
A dominant allele at one gene locus masks the expression of alleles at the second gene locus
E.g. feather colour in poultry 
If the dominant allele A is present, the chickens will be white; even if the dominant allele of the second gene B/b is present. The genotype must be aaB- for any colour to be present. 
I) Predict phenotypic ratios in problems involving epistasis
Recessive epistasis in Salvia = 9:3:4
Dominant epistasis in Poultry = 13:3
J) Use predicted phenotypic ratios to solve problems involving epistasis
K) Use the Chi-squared test to test the significance of the difference between observed and expected results. (The formula for χ² will be provided)
[image: ]


O is observed
E is expected
The smaller the value of χ², the more certain we can be that the difference between observed and expected data is due to chance and therefore is not a significant difference
To calculate how significant the χ² value is, a χ² table is used. Using n-1 (where n is number of classes) degrees of freedom and a 5% critical value, we can see if the result is due to chance. 
If the value is smaller than the value on the table, the null hypothesis can be accepted – any difference is due to chance and therefore not significant. If the value is larger than the value on the table then the null hypothesis is rejected – any difference is significant and not due to chance. 
L) Describe the differences between continuous and discontinuous variation
Discontinuous variation – Describes qualitative differences between phenotypes – they fall into clearly distinguishable categories with no intermediates.
E.g. blood type is either A, B, AB or O.
Continuous variation – quantitative differences between phenotypes – there is a wide range of variation within the population with no distinct categories.
E.g. height
M) Explain the basis of continuous and discontinuous variation with reference to the number of genes that influence the variation
Discontinuous (qualitative) variation
· Different alleles at a single gene locus have large effects on the phenotype
· Different gene loci have quite different effects on the phenotype
· Examples include codominance, dominance and recessive patterns of inheritance
Continuous (quantitative) variation
· Traits exhibiting continuous variation are controlled by two or more genes
· Each gene provides an additive component to the phenotype
· Different alleles at each gene locus have a small effect on the phenotype
· A large number of different genes may have a combined effect on the phenotype. These are known as polygenes and the characteristic they control is known as polygenic.  
N) Explain that both genotype and environment contribute to phenotypic variation
While an organism may have the genetic potential to achieve a certain characteristic, the environment also has an influence. Environmental factors can include things such as water, light, minerals, nutrition and stimulating learning environments.
O) Explain why variation is essential in selection
It is essential so that when the environment changes there will be individuals that are better adapted, so they will survive and reproduce, passing on the advantageous alleles to their offspring, allowing the species to continue.
P) Use the Hardy-Weinberg principle to calculate allele frequencies in populations
P is the frequency of the dominant allele A
q is the frequency of the recessive allele a
Therefore,  p+q = 1 as everyone in the population has the alleles
q² is the frequency of the homozygous recessive genotype aa
p² is the frequency of the homozygous dominant genotype AA
2pq is the frequency of the heterozygous genotype Aa
Therefore 1= p²+2pq+q² as everyone in the population has one of the genotypes
The frequency of aa can be measured. Suppose that the incidence is 1%.
If q²= 0.01 then q = √0.01 = 0.1
p+0.1=1
So p= 0.9
So, p² = 0.92= 0.81
0.81+2pq+0.01 = 1
So 2pq = 1- (0.01 + 0.81)
=0.18
So, 18% of the population are heterozygous Aa
Q) Explain, with examples, how environmental factors can act as stabilising or evolutionary forces of natural selection
In unchanging conditions, stabilising selection maintains existing adaptations and so maintains existing allele frequencies
In changing conditions, directional selection alters allele frequencies
A mutation may be disadvantageous in existing conditions, and so is removed in stabilising selection, but if the conditions change, the mutation might be advantageous and selected for, meaning that selection becomes an evolutionary force.
R) Explain how genetic drift can cause large changes in small populations
Genetic drift is a change in allele frequency that occurs by chance because only some of the organisms in each generation reproduce. It is particularly noticeable when a small number of individuals are separated from the rest of the large population. They form a small sample of the original population and so are unlikely to be representative of the large population’s gene pool.
Genetic drift will alter the allele frequency further.
S) Explain the role of isolating mechanisms in the evolution of new species, with reference to ecological (geographic), seasonal (temporal) and reproductive mechanisms
If two sub-populations are separated from each other, they will evolve differently as they have different selection pressures, so different alleles will be eliminated or increased within each sub population. Eventually the sub populations will not be able to interbreed and so will be different species.
The sub populations may be split by various isolating mechanisms:
· Geographical barriers e.g. mountains or rivers
· Seasonal barriers e.g. climate change throughout the year
· Reproductive mechanisms e.g. genitals, breeding seasons or courtship rituals may be different
T) Explain the significance of various concepts of the species, with reference to the biological species concept and the phylogenetic (cladistic/evolutionary) species concept
The Biological species concept
A species is ‘a group of similar organisms that can interbreed and produce fertile offspring and is reproductively isolated from other such groups’
But:
-Not all organisms reproduce sexually
-Members of the same species can look very different to each other
-Males can look different to females
-Isolated populations may appear to be very different from each other
The Phylogenetic species concept
A species is ‘a group of organisms that have similar morphology, physiology, embryology and behaviour and occupy the same ecological niche’
U) Compare and contrast natural selection and artificial selection
Natural selection: Those organisms best adapted to their environment are more likely to survive to reproductive age and pass on the favourable characteristics to their offspring. Nature is doing the selecting.
Artificial selection: Humans select the organisms with useful characteristics and allow them to breed and prevent the others without them from breeding. Therefore, humans are having a significant effect upon the evolution of these populations or species.
V) Describe how artificial selection has been used to produce the modern dairy cow and to produce bread wheat, Triticum aestivum 
Dairy cow
· Each cow’s milk yield is measured and recorded
· The progeny of bulls is tested to find out which bulls have produced daughters with high milk yields
· Only a few good-quality bulls need to be kept are the semen from one bull can be used to artificially inseminate many cows
· Some elite cows are given hormones so they produce many eggs
· The eggs are fertilized in vitro and the embryos are implanted into surrogate mothers
· These embryos could also be clones and divided into many more identical embryos
Bread Wheat
Wheat can undergo polyploidy- the nuclei can contain more than one diploid set of chromosomes. Modern bread wheat is hexaploid, having 42 (6n) chromosomes in the nucleus of each cell, meaning that the cells are bigger.
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