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	by the end of each lesson you should know (including meanings of key words)

	1

Structure and Replication of DNA
	
	The double helix Structure of DNA includes: nucleotides (deoxyribose sugar, phosphate and base), sugar–phosphate backbone, base pairing A-T and C-G using hydrogen bonds.  Double stranded antiparallel structure, with deoxyribose and phosphate at 3' and 5' ends of each strand.  The sequence of bases forms a genetic code.

	2
Organisation of DNA
	
	Organisation of DNA: Prokaryotes and mitochondria and chloroplasts of eukaryotes contain circular chromosomal DNA.   Prokaryotes contain a single circular chromosome and plasmids.  Eukaryotes also contain linear chromosomes composed of DNA coiled with protein. Yeast also contains plasmids.
Prokaryotes

Yeast

Eukaryotes

Single Circular Chromosome.
Linear DNA (in nucleus packaged with proteins.)
Linear DNA (in nucleus packaged with proteins.)
 Plasmids

Circular Plasmids
Circular chromosomal DNA in chloroplasts and mitochondria.


	3
Replication of DNA
	
	Replication of DNA: DNA is unwound and H bonds break to expose the bases which will act as a template. The use of primer and polymerase at 3’ end of DNA to simultaneously replicate both strands of DNA in one direction only. Primer is a short section of nucleotides which binds to the 3’ end of the template allowing polymerase to add nucleotides.   One strand is replicated continuously (Leading strand) and the second in fragments (lagging strand).  Use of ligase to link fragments of DNA.  

	4
PCR
	
	· PCR: polymerase chain reaction.  Used to amplify specific target sequences of DNA to increase the quantity (amplify) of this region for analysis e.g. where DNA sample is small (forensics/fossil record-mammoths/ paternity testing/genetic disorders/ phylogeny of taxonomic groups). 
·  Primers are very accurate short sections of nucleotides complimentary to the specific target sequences at the two ends of the region of DNA to be amplified.  
· Repeated cycles of DNA heating and cooling amplify the DNA.

· DNA strands are separated by heating of the DNA to break H bonds and separate the strands. (95 oC)
· Cooling allows primers to bind to target sequences. (55 oC)
· Polymerase enzyme is heat tolerant due to the high temperatures required to allow strands of DNA to be synthesized. (75 oC)

	Gene Expression
5
	
	· Gene expression is involves transcription and translation of DNA sequences.  Three types of RNA are involved: mRNA, tRNA and rRNA.  Only a fraction of genes in a cell are expressed.

	
	
	· Structure and function of RNA.

mRNA

tRNA

rRNA

Single strand

Single folded strand (complimentary bases pair)
Single strand

Uracil replaces thymine. (Complimentary to adenine)
Uracil replaces thymine
(Complimentary to adenine) 
Uracil replaces thymine (Complimentary to adenine) 
Ribose sugar

Ribose sugar

Ribose sugar

mRNA is transcribed from the DNA code in the nucleus and is carried to the ribosome.  Each triplet of bases is called a codon and codes for a specific amino acid.

Transcription
A specific amino acid attachment site is at one end.  tRNA (anticodon) complimentarily base pairs with codon of mRNA to produce a chain of amino acids dictated by the original DNA code. Translation
Forms part of the structure of the ribosome along with protein.



	
	
	· State that RNA polymerase is an enzyme which is responsible for transcription of the primary transcript. The enzyme unwinds the DNA and breaks apart the strands adding nucleotides to the 3’ end of the forming mRNA strand.

	
	
	· Distinguish between primary and mature transcripts of mRNA.  Primary to contain both introns (non-coding portions of the mRNA molecule) and exons (coding portions of mRNA.)  The removal of the introns and joining together of the exons is known as splicing. This forms the mature transcript. The order of exons remains unchanged.

	
	
	· tRNA is folded due to complimentary base pairing forming an attachment site for an amino acid and anticodon for attachment to mRNA.




	
	
	· Polypeptide formation requires start and stop codons to control translation. Anticodons of tRNA bind to codons of mRNA by complimentary base pairing.  This translates the genetic code into a sequence of amino acids.  tRNA leaves ribosome to be re-used when required for further protein synthesis.

	
	
	· Amino acids link together via peptide bonds to form a polypeptide chain, eventually leading to protein formation.  Polypeptides fold to produce a 3-dimensional shape held together with H bonds and other interactions between individual amino acids. The shape of the protein determines its function. The sequence of amino acids and the function of the protein are determined by the original sequence of DNA triplets.

	
	
	· Different proteins can be expressed from one gene due to alternative RNA splicing. Mature mRNA transcripts are produced from a single primary transcript depending on which exons are retained.

	
	
	· Phenotype is determined by proteins derived from gene expression and the environment.

	6

Stem Cells and Differentiation
	
	· Cell differentiation is the process of gene expression resulting in characteristic proteins being produced by the differentiated cell. This allows it to carry out its specialist function.

	
	
	· Meristems in plants contain unspecialised cells capable of repeated division or differentiating into new tissues.  

	
	
	· Stem cells can divide (self-renew) or differentiate.

	
	
	· Embryonic stem cells are pluripotent, that is, capable of forming any specialist tissue in the body.

· Adult or tissue stem cells can divide or become a limited number of specialist tissues. They are Multipotent.

	
	
	· Stem cells can be used as model cells in disease research or therapeutic (medical) use.  E.g. drug testing, skin grafts, corneal transplants, bone marrow transplants. 

	
	
	· The ethics of stem cell research should be considered since the source of stems cells is human embryos which are later destroyed.

	7

Genome and Mutations
	
	· Define genome as the inherited genetic information encoded in an organism’s DNA.  Genes code for proteins.  However, part of the genome contains DNA which does not code for proteins.  In fact, this non-coding part makes up much of the genome.

	
	
	· DNA contains some sequences used in growth, repair or cell renewal.  Some sequences regulate transcription.  Some may be transcribed to RNA, but not translated into proteins.  Non-translated forms of RNA include tRNA and rRNA. 

	
	
	· Mutations are changes in the genome which result in an altered protein being produced or not made at all.

	
	
	· Single gene mutations involve altered nucleotides to include: substitution/ insertion/ deletion. (SID) 

	
	
	· Substitution of nucleotides results in missense mutations (resulting in a changed amino acid which may have no impact or make the protein non-functional) or nonsense mutation where the change results in a stop codon. This may result in a shortened polypeptide chain. Splice site mutations can result in the retention of some introns or some exons not being included in the mature transcript.

	
	
	· Insertion or deletion of nucleotides results in frameshift mutations where all amino acids after the mutation site are altered.  This has a major effect on the proteins produced.

	
	
	· Chromosome mutations include translocation/ inversion/duplication/deletion (TIDD). Duplication is where a section of chromosome is added from its homologous partner. Deletion is where a section of chromosome is removed. Inversion is where a section of chromosome is reversed. Translocation is where a section of chromosome is added to another, not its homologous partner.

	
	
	· Mutations are the source of new variation in evolution.  Duplicated genes may allow beneficial mutations to occur while still allowing the original gene to be expressed.   

	8

Evolution
	
	Evolution is the result of changes in the genome of an organism over many generations.

Natural selection is more rapid in prokaryotes. Horizontal transmission of genes between individuals in the same generation.

	
	
	· Natural selection is the non-random increase in DNA sequences due to phenotypes which improve survival rates.  Conversely, deleterious DNA sequences decrease in frequency.  This is a non- random event since these phenotypes are selected against.

	
	
	· Horizontal transfer of genes is transfer within a generation.
· Natural selection is faster in prokaryotes since they can exchange genetic material horizontally as well as vertically. This can lead to faster evolutionary change.

· Vertical transmission of genes is from parent to offspring.  This can occur during sexual or asexual reproduction.


	
	
	· Stabilising selection: This selection pressure is against extremes in the population.  The average phenotype is selected for.  A normal distribution curve maintains its mean value; the frequency of the extremes is reduced over time. e.g. human birth weight.

· Low birth weight babies are susceptible to disease/ high birth weights can lead to delivery problems during labour. Extremes of birth weight are selected against. 
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	· Directional selection: There is a progressive drift in one direction for the specified trait. e.g. antler size in red deer stags. One extreme of the phenotypic range is selected for.
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	· Disruptive Selection: This occurs where 2 or more phenotypes are selected for, e. g. beak adaptations for feeding in Galapagos Finches.

Or if a habitat at high altitude becomes snow bound, white camouflaged individuals would be favoured, while individuals with dark pigment would be favoured in regions of the same habitat (lower altitude?) and dark substrate would be favoured.   Organisms of intermediate colouration would not be well camouflaged in either region and would be at a selective disadvantage.
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	· Speciation: Is the result of isolation, mutations and natural selection.  Isolation restricts gene flow between sub-populations.  Organisms may be defined as belonging to the same species if they interbreed to produce fertile offspring.

	
	
	· Allopatric speciation: This involves a single population being split into groups by geographical means.  The groups undergo separate mutations and selection pressures so that over time, when brought together, the groups can no longer interbreed.

	
	
	· Sympatric speciation: The groups live in the same environment, yet become separated due to ecological or behavioral isolation.  

	9

Genomic Sequencing and Phylogenetics
	
	· Genomic Sequencing: The sequence of nucleotide bases can be determined for genes or entire genomes.  Bioinformatics (a new science which is an amalgam of statistics, computer science and molecular biology) uses computer software to statistically analyse sequence data.  This is useful in the study of pest species, model research organisms and pathogens.

	
	
	· Phylogenetics is the study of relatedness.  Much of the genome is conserved across species.  Genomic sequencing can be used to determine the relationships between species and how recently species took separate evolutionary paths from a common ancestor.  DNA sequence divergence and molecular clocks can be used to estimate the timescale for the emergence of new species. They assume a constant mutation rate resulting in altered sequences over time.  Fossil evidence can support this.  The evolution of major events in evolutionary history is being mapped out in this way e.g. the origin in time of the last universal ancestor/ photosynthetic organisms/ multicellular organisms/ eukaryotes/ vertebrates/ land plants.
· Phylogenetics has mapped the evolution of the three major domains of bacteria, archaea and eukaryotes.

	10

Pharmacogenetics and Health
	
	· Pharmacogenetics: Sequencing an individual’s genome can indicate risk factors for developing certain diseases. This can lead to tailored medicines and doses most likely to be effective for an individual’s treatment. This is known as personalized medicine.  


