DNA Replication

- Important that every cell has identical copy of DNA

- High degree of accuracy due to semi-conservative replication

- Synthesis of new strands of DNA can only occur in the 5’ -> 3’ direction because new nucleotides can only be added to the 3’ OH end.  Due to the anti-parallel structure of DNA this means that one strand (called the leading strand) can be continuously synthesised while the other strand (the lagging strand) must be synthesised in pieces (called okazaaki fragments)
- The parental DNA is unwound by DNA helicase to expose the nucleotide bases

- Primase (a form of RNA polymerase) adds a short RNA primer to which DNA polymerase III can bind to and begin synthesis by matching DNA nucleotides to their complementary base pairs.   DNA polymerase I replaces the RNA primer with DNA nucleotides and then ligase forms phosphodiester bonds between DNA fragments
Protein Synthesis (Eukaryotes)
- occurs in 3 steps; transcription, translation and post translational modification.

- transcription:  transcription factors assemble at promoter region, RNA polymerase binds to the transcription factors creating an initiation complex.  Hair pin loop brings the enhancer to meet the initiation complex, and transcription is initiated.  The RNA polymerase transcribes the DNA sequence into an RNA template, at the end of a gene is a termination sequence – where the RNA polymerase dissociates from the DNA and releases the RNA template.
- in Eukaryotes there are exons and introns (exons are coding sections of DNA, introns are non-coding regions of DNA) – the introns are removed and exons spliced back together to make a continuous mRNA strand which is then exported to the cytoplasm via the nuclear pores.

- translation: in the cytoplasm a ribosome binds to the mRNA strand, each mRNA triplet (or codon) is ‘read’ by the ribosome, and matched (translated) to their anti-codons on tRNA which have the corresponding amino acid attached.  The ribosome creates a polypeptide chain (a protein) by forming peptide bonds between the amino acids.
- post-translational modification:  polypeptide chain undergoes modification specific to its role as a protein.  Carbohydrate chains can be added, the shape can be changed into a secondary, tertiary or quaternary structure – structure is important for proteins, especially enzymes which require their active sites to fit their specific substrates exactly.

Protein Synthesis (Prokaryotes)

Due to prokaryotes lacking nuclei protein synthesis is slightly different to eukaryotes.

- RNA polymerase binds to the promoter region and transcribes the gene into an RNA sequence.  Prokaryotic DNA doesn’t have introns, which means that no RNA processing is required before the RNA is ready to be translated.  This means that transcription and translation occur simultaneously, as soon as RNA polymerase has transcribed a small section of the gene, ribosomes attach and begin translating the nucleotide sequence into a polypeptide chain.
Gene Expression (Eukaryotes)

- How chromatin is arranged in the nucleus relates to the accessibility of genes necessary for transcription.

- Enhancer region(s) bind to the initiation complex which increases the affinity of RNA polymerase to promoter region.
- Repressor proteins can “silence” genes by preventing the formation of the initiation complex – hence no transcription.

- Control of activator proteins (part of enhancer’s initiation complex)

-Proximal control elements upstream of the promoter bind proteins which promote or inhibit transcription.

- Transcript must be processed – the way in which exons are spliced together can create different mRNA sequences and hence different proteins from one gene.
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Gene Expression (Prokaryotes)

-Regulator gene exists outside the operon producing allosteric repressors which bind to the operator – physically preventing the RNA polymerase from reaching the structural genes: preventing transcription.
- Promoter region: the region of DNA which the RNA polymerase recognises and binds to.
- Operator: located between the promoter and structural genes, regulates whether RNA polymerase can pass or not.
DNA Structure & Function
- Can replicate itself accurately; semi-conservative (parent strands form template for new strands = more precise transcription).

- Variation in nucleotide sequence leads to variation in proteins.

- Specific base pairing: use of parent strand as template increases accuracy.

- Large molecule: contains all instructions for complete organism.

- Stable molecule: doesn’t disintegrate in cell (histones and repair enzymes protect molecular structure).

- Nucleotides only held together by weak hydrogen bonds; allows helix to unzip so information can be easily accessed.

DNA vs. RNA:

- DNA has deoxyribose sugar opposed to ribose sugar in RNA – this is because DNA needs to be more stable to retain information whereas RNA needs to be readily broken down.

- Thymine replaces Uracil in DNA.  Uracil can base pair to almost any other nucleotide depending on its orientation, whereas thymine (methylated Uracil) only pairs with adenine.  This increases accuracy in transcription, replication and also the methylation protects the DNA from attack from foreign invaders.

The Genetic Code:

DNA nucleotide triplets code for mRNA codons which code for amino acids.  The sequence of triplets in the DNA directly related to the order of amino acids in the polypeptide chain.
-There is redundancy in the code: 64 triplets but only 20 amino acids but there is no ambiguity – a triplet will only code for one amino acid.  An amino acid therefore has more than one triplet which codes for it (except methionine and tryptophan).

Pleiotropy:

 When one gene has multiple effects – it is part of several metabolic pathways.
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A defective gene in a metabolic pathway causes
build ups of certain products and a lack of others.

Gene Interactions:

Epistasis – when one gene masks the expression of another gene.

Complimentary genes – both dominants required to produce final phenotype 9:7

Supplementary Genes (Recessive epistasis) – dominant allele is needed at one locus for the expression of allele at another locus 9:3:4

Dominant epistasis – recessive allele at one locus is necessary for another allele to be expressed at a different locus 12:3:1

Inhibitor Genes – dominant allele inhibits another allele’s expression 13:3

Collaboration – the independently segregating genes interact 9:3:3:1

Polygenes – more than one gene affects phenotype
Linkage: 
Linked genes – located on the same chromosome & tend to be inherited together

Sex linked genes – genes located on sex chromosomes

Excellence Concepts (not already discussed)

Exonic Mutations

-Deletion / insertion causes frame shift – highly altered protein / or no protein formed (stop codons)

- Substitution – only one triplet is affected (possibly still codes for same amino acid due to redundancy in the genetic code) which means only one amino acid changed which could make a stop codon, a substituted amino acid, or just the same amino acid.
Sources of mutation:

-Crossing over in meiosis - failure in normal crossing over can lose pieces of chromatid

-Radiation can cause breaks in DNA

^^ all depends on how vital the lost portion of DNA was as to how detrimental the effect of the mutation is.

Phenotype frequency skewed?

Alleles which are further apart have a higher chance of a “double crossover” – crossing over of recombinants back to original order.
Parental types are more common than recombinants when the genes are linked and close together (or very far away – double cross)

If there is a mutation in an intron, why would it affect expression?

-The intron could be part of the regulator/enhancer genes which enhance RNA polymerase’s affinity to the promoter region (therefore if that is mutated, a loss of function would cause RNA to be less likely to transcribe that specific gene, hence a decrease in expression).
-Change shape of promoter region so that it is less likely that enzymes will bind.
-Prevents production of repressor / transcription factors which inhibits the rate of transcription = decreased expression.

Why is sex chromosome aneuploidy more common than autosomal aneuploidy?

Autosomes are larger and carry more information than sex chromosomes.

-Extra X chromosomes are deactivated as barr bodies.

-Extra Y chromosomes have a less significant effect because they carry relatively few genes.
There are only 3 well known autosomal cases of aneuploidy (Downs, Edwards, Patau) compared to many sex chromosome aneuploidy cases (Klinefelter’s, Jacobs, turners, Metafemale).

If both parents have albinism (recessive), how can child be not-albino?
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Key Terms

Aneuploidy

irregular number of chromosomes

Polyploidy

more than twice the normal haploid number of chromosomes

Autopolyploidy 

polyploidy where multiple chromosome sets are from one species
Allopolyploidy

polyploidy where extra sets are from different species

Pleiotropy 
one gene controls many phenotypes – classic example of a pleiotropic disorder is PKU – phenylketonuria

Epistasis
one gene masks the expression of another

Proximal control elements
bind proteins which promote or inhibit transcription 
Examples of aneuploidy which are likely to be asked:

21


Down’s Syndrome
18


Edward Syndrome

13


Patau Syndrome

XYY / XYYY

Jacob’s Syndrome

XXX / XXXX

Metafemale

XXY


Klinefelter’s Syndrome

XO


Turner’s Syndrome

Cystic Fibrosis: recessive, malfunctioning CFTR gene doesn’t regulate transportation of cellular Cl-
Sickle Cell Anaemia: dominant, mutation causes blood cells to deform in low oxygen levels from biconcave disc shape to a sickle shape.   Blood cells build up in capillaries and organs, oxygen absorption is minimised because of the poor SA: volume ratio.

Huntington’s Disease: large number of CAG repeats in IT15 gene which would normally produce a protein which increases brain cell longevity.  The CAGs are converted to long strands of glutamines which are detrimental to the proteins function and are causes brain cell degeneracy.  
