Understandings:
Prokaryotes have one chromosome consisting of a circular DNA molecule
· Prokaryotes do not possess a nucleus – instead genetic material is found free in the cytoplasm (nucleoid)
· The genetic material of a prokaryote consists of a single chromosome consisting of a circular DNA molecule (genophore)
· The DNA of prokaryotic cells is naked – meaning it is not associated with proteins for additional packaging
· In addition to the genophore, prokaryotic cells may possess additional circular DNA molecules called plasmids
Some prokaryotes also have plasmids but eukaryotes do not
· Plasmids are small, circular DNA molecules that contain only a few genes and are capable of self-replication
· Plasmids are present in some prokaryotic cells, but are not naturally present in eukaryotic cells
· Bacterial cells may exchange plasmids (via their sex pili), in a process known as bacterial conjugation
· This exchange of genetic material allows bacteria to evolve new features within a generation (horizontal gene transfer)[image: ]
Eukaryote chromosomes are linear DNA molecules associated with histone proteins
· The packaging of DNA with histone proteins results in a greatly compacted structure, allowing for more efficient storage  
· DNA is complexed with eight histone proteins (an octamer) to form a nucleosome
· Nucleosomes are linked by an additional histone protein (H1 histone) to form a string of chromatosomes
· These then coil to form a solenoid structure which is condensed to form a 30 nm fibre
· These fibres then form loops, which are compressed and folded around a protein scaffold to form chromatin
· Chromatin will then supercoil during cell division to form chromosomes

In a eukaryote species there are different chromosomes that carry different genes
· Eukaryotic chromosomes are linear molecules of DNA that are compacted during cell division 
· Each chromosome has a constriction point called a centromere, which divides the chromosome into two sections
· The shorter section is designated the p arm and the longer section is designated the q arm
· P arm → centromere→ Q arm
· Eukaryotic species possess multiple chromosomes that may differ in both their size and the position of their centromere
· Each chromosome will carry specific genes and the position of a particular gene on a chromosome is called the locus
Homologous chromosomes carry the same sequence of genes but not necessarily the same alleles of those genes
· Sexually reproducing organisms inherit their genetic sequences from both parents 
· This means that these organisms will possess two copies of each chromosome 
· These maternal(mother) and paternal(father) chromosome pairs are called homologous chromosomes
· Homologous chromosomes are chromosomes that share:
· The same structural features (e.g. same size, same banding patterns, same centromere positions)
· The same genes at the same loci positions (while the genes are the same, alleles may be different)
· Homologous chromosomes must be separated in gametes (meiosis) prior to reproduction, in order to prevent chromosome numbers continually doubling with each generation
Diploid nuclei have pairs of homologous chromosomes
Haploid nuclei have one chromosome of each pair[image: homologous pair]
· As sexually reproducing organisms receive genetic material from both parents, they have two sets of chromosomes (diploid)
· To reproduce in turn, these organisms must create sex cells (gametes) with half the number of chromosomes (haploid)
· When two haploid gametes fuse, the resulting diploid cell (zygote) can grow and develop into a new organism
	Diploid
	Nuclei possessing pairs of homologous chromosomes(2n)
· These nuclei will possess two gene copies (alleles) for each trait
· All somatic (body) cells in the organism will be diploid, with new diploid cells created via mitosis

	Haploid
	Nuclei possessing only one set of chromosomes(n)
· These nuclei will possess a single gene copy (allele) for each trait
· All sex cells (gametes) in the organism will be haploid, and are derived from diploid cells via meiosis
· Haploid cells are also present in bacteria (asexual) and fungi (except when reproducing)



The number of chromosomes is a characteristic feature of members of a species
· Organisms with different diploid numbers are unlikely to be able to interbreed (cannot form homologous pairs in zygotes)
· In cases where different species do interbreed, offspring are usually infertile 
· For instance, a horse (diploid = 64) and a donkey (diploid = 62) may produce an infertile mule (non-diploid = 63)
A karyogram shows the chromosomes of an organism in homologous pairs of decreasing length
· Harvesting cells (usually from a foetus or white blood cells of adults)
· Chemically inducing cell division, then arresting mitosis while the chromosomes are condensed
· The stage during which mitosis is halted will determine whether chromosomes appear with sister chromatids or not
· The chromosomes are stained and photographed to generate a visual profile that is known as a karyogram
· The chromosomes of an organism are arranged into homologous pairs according to size (with sex chromosomes shown last)

Sex is determined by sex chromosomes and autosomes are chromosomes that do not determine sex
· In humans, sex is determined by a pair of chromosomes called the sex chromosomes (or heterosomes)
· Females possess two copies of a large X chromosome (XX)
· Males possess one copy of an X chromosome and one copy of a much shorter Y chromosome (XY)
· The Y chromosome contains the genes for developing male sex characteristics (specifically the SRY gene)
· In its absence of a Y chromosome, female sex organs will develop
· The sex chromosomes are homologous in females (XX) but are not homologous in males (XY)

Applications:
Cairns' technique for measuring the length of DNA molecules by autoradiography[image: autoradiography]
Comparison of genome size in T2 phage, Escherichia coli, Drosophila melanogaster, Homo sapiens and Paris japonica
· Genome size can vary greatly between organisms and is not a valid indicator of genetic complexity
· The largest known genome is possessed by the canopy plant Paris japonica – 150 billion base pairs
· The smallest known genome is possessed by the bacterium Carsonella ruddi – 160,000 base pairs
· Viruses and bacteria tend to have very small genomes
· Prokaryotes typically have smaller genomes than eukaryotes
· Sizes of plant genomes can vary dramatically due to the capacity for plant species to self-fertilise and become polyploid[image: genome size table]

Comparison of diploid chromosome numbers of Homo sapiens, Pan troglodytes, Canis familiaris, Oryza sativa and Parascaris equorum
· Chromosome number does not provide a valid indication of genetic complexity
[image: Diploid number]

Use of karyograms to deduce sex and diagnose Down syndrome in humans
· Karyotyping will typically occur prenatally and is used to:
· Determine the gender of the unborn child 
· Test for chromosomal abnormalities
· Down syndrome is a condition whereby the individual has three copies of chromosome 21 
· It is caused by a non-disjunction event in one of the parental gametes
· The extra genetic material causes mental and physical delays in the way the child develops


Skills:
Use of databases to identify the locus of a human gene and its polypeptide product
· The locus of a human gene and its polypeptide product can both be identified using a single online resource:
· GenBank – a genetic database that serves as an annotated collection of DNA sequences
· 
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