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Chapter 10 & Lecture 6 – The Nature of the Gene and the Genome

· Genome: the collective body of genetic information that is present in a species.
· Contains all of the genes required to “build” a particular organism.

10.1 The concept of a gene as a Unit of Inheritance

· Gregor Mendel  began science of genetics in 1860s; mated pea plants
· 7 definable traits (ex. plant height and flower colour).
· Conclusions
· Genes: govern the characteristics of organisms by distinct factors/units of inheritance.
· Alleles: alternate forms of a gene.
· Each reproductive cell/gamete produced by a plant contained only 1 copy of a gene for each trait (either recessive or dominate trait but not both).
· Mendel’s law of segregation  separated at the formation of gametes.
· Mendel’s law of independent assortment  segregation of the pair of alleles for one trait had no effect on the segregation of alleles for another trait.

10.2 Chromosomes: the physical carriers of the genes

The discovery of chromosomes
· Walther Flemming  early 1880s saw that cytoplasmic contents were shuttled into one daughter cell or the other as a matter of chance depending where the furrow was formed.
· Chromosomes: material of nucleus organized into visible ‘threads’. 
· German biologist Theodore Boveri  study on sea urchin eggs that had be fertilized by two sperm instead of one.
· 1st evidence of a qualitative difference among chromosomes.
· German biologist August Weismann proposed that meiosis included a “reduction division” during which the chromosome number was reduced by half prior to formation of the gametes.
Chromosomes as the carriers of genetic information
· Spermatogonia = the cells that give rise to sperm.
· Walter Sutton  paper that pointed to chromosomes as the physical carriers of Medel’s genetic factors.
· Homologous chromosomes: paired chromosomes of diploid cells, each carrying one of the two copies of the genetic material carried by that chromosome.
The chromosome as a linkage group
· Linkage group: groups of genes that reside on the same chromosome causing non-independent segregation of traits controlled by these genes.
· Genes on the same chromosome should act as if they are linked to one another; part of the same linkage group.
Genetic analysis in Drosophila	 Thomas Hunt Morgan
· Fruit flies (FFs) have a generation time (egg  mature adult) of day days that can produce 1000 egs.
· Only wild types of fruit flies available at first.
· Found a mutant with white eyes.
· Mutation  spontaneous change
Crossing over and recombination
· Morgan coined term: crossing over (genetic recombination)  reshuffling of the genes on chromosomes (thereby disrupting linkage groups) that occurs during meiosis as a result of breakage and reunion of segments of homologous chromosomes.
· Loci = the position of genes along the chromosome.
· If the locus of each gene is fixed, then the freq of recombination btw two genes provides a measure of the distance that separates those two genes.
· Alfred Sturtevant  idea that using recombinant frequencies could map the relative positions of individual genes along a given chromosome.
Mutatagenesis and giant chromosomes
· Add radiation to increase mutation
· Polytene chromosomes: giant chromosomes of insects that contain perfectly aligned, duplicated DNA strands, with as many as 1024x the number of DNA strands of normal chromosomes.

10.3 The Chemical Nature of the Gene

The structure of DNA
· James Watson and Francis Crick.
Base composition
· Nucleotide = basic building block of DNA.
· Consists of 5C sugar deoxyribose to which 1 Phosphate is esterfied at the 5’ position of the sugar ring and one nitrogenous base at the 1’ site.
· 2
· 2 types of nitrogenous bases: 
· Pyrimidines: single ring
· Thymine (T) and cytosine (C)
· Purines: two rings
· Guanine (G) and adenine (A)
· Nucleotide has a polarized structure
· Phosphate end = 5’ end
· Other is 3’ end.
· 3.4 Angstroms/0.34nm is distance between the nucleotides in the stack.
· Base composition = the relative amounts of each base in various samples.
· A = T; G = C;
· The number of purines always equaled the number of pyrimidines in a given sample.
The Watson-Crick proposal
· Rosalind Franklin  x-ray diffraction data
1. the molecule is composed of 2 chains of nucleotides. 
2. The 2 chains spiral around each other to form a pair of right-handed helices; clockwise path.
3. Run in opposite/antiparallel directions.
4. Sugar-phospahte backbone is on the outside of the molec with the two sets of bases inside.
5. Hydrophobic interactions and van der Waals forces btw the stacked bases provide stability for the entire molecule.
6. The two strands are held together by hydrogen bonds btw each base of one strand and one on the other strand.
7. Width of double helix is 2nm.
8. A pyrimidines in one chain is always paired with a purine in another chain. Molec is 2 nm wide in entire length.
9. Major groove (wide) and minor grooves (narrow).
10. Double helix makes one complete turn every 10 residues (3.4nm)
11. Complementary sequences.

The importance of the Watson-Crick proposal
1. Storage of genetic information: for specific order of AAs in all proteins.
2. Replication and inheritance: 
3. Expression of the genetic message: 
DNA supercoiling
· Jerome Vinograd  DNA in very compact state. occupies smaller volume; moves more rapidly in response to centrifugal force or an electric field.
· Underwound DNA = has more than an average of 10 bps per turn of a helix.
· Has a greater number of base pairs per turn of the helix.
· DNA = negatively supercoiled when underwound and Positively supercoiled when overwound.
· Circular DNA is usually –vely supercoiled.
· Supercoiling is NOT restricted to small, circular DNA but also occurs in linear, euk DNA.
· -vely supercoiled DNA exerts a force that helps separate the two strands of the helix, which is required during both replication (DNA synthesis) and transcription (RNA synthesis).
· Topoisomerases: change the topology of the DNA; discovered by James Wang. TWO CLASSES
· Type I topoisomerases: make a transient break in one strand and allows the complementary strand to undergo a controlled rotation which relaxes the supercoiled molecue.
· Essential for DNA replication and transcription.
· Type II Topoisomerases: make a transient break in BOTH strands of the DNA. Another segment of the DNA molec (or a separate molec) is then transported through the break, and the severed strands are resealed.
· Can tie or untie DNA in knots.

10.4 The Structure of the Genome

The complexity of the genome
· Denaturation = the ability to separate into its two component strands.
DNA Denaturation
· DNA is dissolved in saline solution; solution is warmed for the strand separation to begin.
· Thermal denaturation/DNA MELTING
DNA Renaturation
· Julius Marmur and Paul Doty  found that if they slowly cooled a solution of bacterial DNA that had been thermally denatured, the DNA regained the properties of the double helix.
· Renaturation/reannealing (reassociating).
· Nucleic acid hybridization  complementary strands of nucleic acids from difference sources can be mixed to from double-stranded (hybrid) molecules.
· Key role in modern biotechnologies; ex. DNA sequencing, cloning and amplification.
the complexity of viral and bacterial genomes
· several factors that determine the rate of renaturation of a given preparation of DNA:
1. Ionic strength of the solution.
2. Incubation temp
3. Conc of DNA
4. Period of incubation
5. Size of the interacting moleculesd
· Different DNAs (ex. small virus vs. larger virus vs. bacterial cell) have different lengths; need at same length to compare;
· The SMALLER the genome, the FASTER the RENATURATION.
The complexity of euk genomes
· 3 classes of fragments:
· Highly Repeated DNA sequences
· 1-10% of the total DNA.
· Typically short (few hundred nucleotides)
· Different overlapping categories:
· Satellite DNAs: short sequences that form very large clusters.
· Minisatellite DNAs: range from 10-100 bps in length and in sizable clusters; tend to be unstable
· Microsatellite DNAs: the shortest sequences (1-9 basepairs); small clusters 10-40 bps in length; used to analyse the relationships btw different human populations.
· Fluorescence in situ hybridization (FISH): technique in which probe DNAs (or RNAs) are labelled with fluorescent dyes, hybridized to single-stranded DNA that remains within its chromosome, and localized with a fluorescence microscope.
· Moderately repeated sequences
· Vary from about 20-80+% of the total DNA.
· Includes: sequences that code for known gene products.
· Repeated DNA sequences with coding functions
· Code for ribosomal RNAs and for histones.
· Repeated DNAs that Lack coding functions
· SINES or LINES (long interspersed elements)
· Diseases that result from the expansion of trinucleotide repeates
· Huntingtons Disease
· Nonrepeated sequences
· Slow to find partners and become non-repeated/single-copy DNA sequences.
· Only 1.5% of the human genome encodes for AAs of our proteins.

10.5 The Stability of the Genome

Whole-Genome Duplication (Polyploidization)
· Polyploidization/whole-genome duplication = an event in which offspring are produced that have twice the number of chromosomes in each cell as their diploid parents (4 homologous chromosomes)
· Common in flowering plants.
· 2R Hypothesis: by Susumu Ohno
· Proposd that the evolution of vertebrates from a much simpler invertebrate ancestor was made possible by two separate rounds of whole-genome duplication during an early evolutionary period.
Duplication and modification of DNA sequences
· Gene duplication: the duplication of a small portion of a single chromosome; happens a lot.
· most of these are lost during evolution through deletion or rendered non-functional by unfavourable mutation. The extra copy can live on though.
Evolution of globin genes:
· psuedogenes: genes whose sequences are homologous to those of functional globin genes but have accumulated severe mutations that render them non-functional.
“Jumping genes” and the dynamic nature of the genome
· Barbara McClintock: first person to suggest that genetic elements were capable of moving around the genome.
· Transposition: the genetic rearrangement of genetic elements from one place in a chromosome to another place.
· Transposable elements: the mobile genetic elements; DNA segments that move from one place on a chromosome to a completely different site, often affecting gene expression.
· Transposons: DNA segments capable of moving from one place in the genome to another.
· Two major types of euk transposable elements
· DNA transposons
· Retrotransposons: transposable elements that require reverse transcriptase for their movements within the genome.
· Operate by copy and past.
Role of mobile genetic elements in genome evolution.

10.6 Sequencing Genomes: The Footprints of Biological Evolution

Comparative genomics: “If it’s conserved, it must be important
Facts
1. Majority of genome consists of DNA that resides btw the genes and represents intergenic DNA.
2. Each of the roughly 21000 or so protein-coding human genes have a lot of non-coding regions (introns).
The genetic basis of “being human”
· HAR = human accelerated region
Genetic variation within the human species population
· Genetic polymorphisms: sites in the genome that vary among different individuals.
· Discovery by Karl Landsteiner
DNA sequence variation
· Single nucleotide polymorphisms (SNPs): sites in the genome where single nucleotide differences are found among different members of the population. When present in at least 1% of the population are called SNPs.
Structural variation
· Copy number variation: ex. DNA fingerprinting.
Genome-wide association studies: look for associations btw a disease state and polymorphisms that may be located anywhere in the genome.
Haplotypes: certain blocks of DNA (about 20 kilobases long) tend to remain intact as they are transmitted from generation to generatin.


Frederick Griffith  Smooth and Rough colonies with heat-killed S bacteria and living R bacteria. (look in BIO 1140 notes)
· Mice inoculated with heatkilled S bacteria and a little of living R bacteria were killed; the R bacteria transformed by using the material of the S.
Colin MacLeod and Maclyn McCarty - used viruses/phages
Hershey and Chase
· Determined that the amount of radioactivity that entered cells versus that which remained behind in the empty coats.
· Cells infected with protein-labelled bacteriophages had the bulk of the radioactivity remain in the empty coats.
· However, when cells were infected with DNA-labelled bacteriophages, the bulk of the radioactivity passed inside the host cell.
Look over BIO 1140!!!
