The Nature of the Gene and the Genome
Hereditary factors consist of DNA and are in chromosomes
Collective body of genetic information is the genome
Mendel's work is the foundation of genetics
· Experimented with crossbred plants to establish laws of inheritance
 
Genes as the Unit of Inheritance
· Characteristics of organisms are determined by genes
· Each trait is controlled by two forms of a gene called alleles
· Alleles can be identical or un-identical
· When alleles are un-identical, the dominant allele masks the recessive allele
· A reproductive cell, or gamete, contains one gene for each trait
· Somatic cells are the result of the union of male and female gametes
· Two alleles controlling each trait are inherited; one from each parent
· The pairs of genes are segregated during gamete formation
· Genes controlling different traits are independently assorted
 
Chromosomes
· Chromosomes were first observed in dividing cells, using the light microscope
· They were divided equally between daughter cells
· They were doubled prior to cell division
· Chromosomes are present as pairs of homologous chromosomes
· During meiosis, homologous chromosomes associate and form a bivalent and then separate into different cells
· Chromosomal behaviour correlates with Mendel laws of inheritance 
· Genes on the same chromosomes do not assort independently, and are part of the same linkage group
· The traits analyzed by Mendel occur on different chromosomes
· Drosophila melanogaster was used by Morgan in genetic research
· He observed mutation as a mechanism for variation in populations
· Studies with Drosophila confirmed that genes are on chromosomes
 
Crossing Over and Recombination
 
· Linkage between alleles on the same chromosome is incomplete
· Maternal and paternal chromosomes exchange pieces during genetic recombination
· Percentage of recombination between a pair of genes in constant
· Percentage of recombination between different genes can be different
· The positions of genes on the chromosome, or the loci, can be mapped
· Frequency of recombination indicates distance; increase in distance means increase in frequency
 
Polytene Chromosomes
· Exposure to sublethal doses of X-rays increases the rate of mutations
· Cells from salivary gland of Drosophila have giant polytene chromosomes
· Polytene chromosomes are useful to study specific bands correlated with individual genes
· Chromosome puffs are sites where DNA is very actively transcribed, which allow visualization of gene expression
 
DNA is the genetic material, made up of nucleotide building blocks
· Nucleotides consist of a phosphate, a sugar, and either a pyrimidine or purine nitrogenous base
· Pyrimidine - Thymine and Cytosine
· Purine - Adenine and Guanine
· Nucleotides have a polarized structure, with 5' and 3' ends
· They are linked into nucleic acid polymers
· Sugar and phosphate groups are linked by 3',5'-phosphodiester bonds 
· Nitrogenous bases project out
· Chargaff established rules after a base composition analysis
· A = T, C = G
· A + T /=/ C + G
 
Double Helix Structure
· Watson and Crick proposed that DNA is composed of two chains of nucleotides spiraling around one another, each chain runs antiparallel
· Sugar-phosphate backbone is located on the outside of the molecule, the bases are inside the helix
· The two chains are linked by hydrogen bonds between bases, pyrimidines paired with purines, A-T C-G
· A DNA molecule has a major groove and a minor groove
· The helix is 2 nm wide, and makes a turn every 10 residues
· The Watson and Crick proposal suggests three functions of genetic material
· Storage of genetic information
· Replication and inheritance
· Expression of the genetic message
 
DNA Supercoiling
· Compact DNA is supercoiled
· Under wound DNA is negatively supercoiled (plays a role in allowing chromosomes to fit in the nucleus), over wound DNA is positively supercoiled
· Enzymes called topoisomerases change the level of DNA supercoiling
· Type 1 - Change the supercoiled state by making a transient break in one strand
· Type 2 - Change the supercoiled state by making a transient break in both strands
 
Structure of the Genome
· DNA is able to separate into two strands, denaturation
· Renaturation (reanneling) is when single stranded DNA is capable of reassociating
· Reanneling has led to the development of nucleic acid hybridization in which complementary strands of nucleic acids from different sources can form hybrid molecules
· The rate of renaturation from bacteria and viruses depends on genome size
· Reanneling of eukaryotic genomes shows three classes of DNA
· Highly repeated
· Moderately repeated
· Non repeated
· Highly repeated DNA sequences represent 1-10% of the total DNA
· Satellite DNA are short sequences that evolve quickly
· Minisatellite DNA are unstable and are variable in the population (used in fingerprinting)
· DNA is digested with restriction endonucleases and fragments are size separated with gel electrophoresis
· Microsatellite DNA are the shortest sequences and are found in small clusters, implicated in genetic disorders
· Moderately repeated DNA sequences
· Repeated DNA sequences with coding functions - include genes that code for ribosomal RNA and histones
· Repeated DNA sequences without coding functions - do not include any type of gene product, can be grouped into two classes: SINES or LINES
· Non repeated DNA sequences
· Code for majority of proteins
 
Diseases from Expansion of Trinucleotide Repeats
· Mutations occur in genes containing a repeating unit of three nucleotides
· The mutant alleles are highly unstable and the number of repeating units increases through inheritance
· Type 1 disease are all neurodegenerative disorders
· Huntington's disease results from glutamine repeats in the huntingtin gene
· Huntington's molecular basis is not clear, but glutamine repeats are toxic to the brain cell
· Type 2 disease are present in the parts of gene that don't code for amino acids
 
Stability of the Genome
· Polyploidization is the duplication of the whole genome, which occurs when offspring receive more than two sets of chromosomes from their parents
· Could be the result of hybrids from closely related parents
· Could result from duplicate chromosomes which never separated in embryonic cells
· Gene duplication occurs within a single chromosome, and may occur by unequal crossing over between misaligned homologous chromosomes
· Duplication has a major role in multigene families
· Evolution of globin genes
· Includes hemoglobin, myoglobin, and plant leghemoglobin
· Earlier globin genes gave rise to recent forms through duplication, gene fusion, and divergence
· Pseudogenes are sequences that resemble globin genes, but are non-functional
· Transposition is the movement of genetic elements, or transposable elements, within a chromosome
· Only certain sequences can act as transposons
· Requires transposase enzyme to facilitate inserting of transposons into the target site
· Bacterial transposition occurs by replication of the element, followed by insertion
· Integration of the element creates small duplication in target DNA to serve as a marker to identify sites occupied by transposable elements
· Retrotransposons use RNA intermediates to produce complementary DNA via reverse transcriptase (used by HIV and other viruses to replicate their genome)
· Mobile genetic elements in evolution
· Some moderately repeated sequences in human DNA are transposable elements
· Possible evolutionary roles are the rearrangement of the genome, the regulation of gene expression, and the production of new genes
 
Sequencing Genomes
· 20, 000 genes were sequenced in the human genome in 2004
· Alternate splicing of mRNA account for multiple proteins from one gene
· Post-translational modifications account for different protein functions
· Comparative Genomics proposes that if a segment of DNA is conserved between species, it must be important
· By focusing on conserved sequences, similar traits between humans and other species can be identified
· The FOXP2 speech gene in humans is similar to that in chimps
· The HAR1 gene is similar between humans and chimps
· The AMY1 gene encodes amylase and its frequency is different between humans and chimps
· Genetic polymorphisms accounts for the variety in genomes among different individuals
· Single nucleotide polymorphisms (SNPs) are the sites of a single nucleotide difference between human genomes
· Structural variants are the changes in segments of a genome
· Application of genomic analysis to medicine
· Genome-wide association studies look for links between a disease and polymorphisms located in the genome
· SNPs play roles for disease susceptibility or act as genetic markers for susceptibility
· SNPs can be inherited in blocks called haplotypes
· Haplotype maps (HapMaps) are based on common haplotypes
· HapMaps may lead to identification of links between disease and haplotypes
 
· Chemical Nature of the Gene
. Miescher first identified nuclein in white blood cell extracts
. Levene proposed the tetranucleotide theory, indicating that DNA was a repetition of four nucleotides and could not be the genetic material
. Griffith carried out experiments with pneumococcus bacteria with different abilities to cause disease
3. Observed bacteria transformation to be caused by a transforming principle
3. Injecting safe and virulent (S and R) cells into a mouse
. Avery, Macleod, and McCarty's experiments concluded that DNA was the transforming principle 
. Hershey and Chase used a bacteriophage to confirm that DNA is the genetic material
5. Radioactively labeled DNA in bacteria cells produced labeled phage progeny
 
 

