Chapter 19 – Eukaryotic Genomes: Organization, Regulation and Evolution
· Histones – proteins responsible for the first level of DNA packing in chromatin 

· Contain a lot of positively charged amino acids that binds to negatively charged DNA

· Transiently leave during DNA replication and usually stay attached to DNA during transcription 

· Heterochromatin: compact chromatin that is inaccessible to transcription enzymes and thus not transcribed 

· Present during interphase 

· Genes on heterochromatin are thus not expressed 

· Euchromatin: chromatin that is loosely packed, so that it can be transcribed

· Nucleosome: DNA wound around a protein core composed of two molecules, each of four types of histone 

· Basic unit of DNA packing 

Histone Modification

· Histone Acetylation  -- (-COCH3)

· Acetyl groups attach to positively charged amino acids (ie: lysine) in histone tails

· This neutralizes positive charge so they can no longer bind to nucleosomes – results in a looser structure so that proteins have easier access to genes to initiate transcription 

· Deacetylation reverses this process 

· Histone (DNA) Methylation (-CH3)

· Attachment of methyl groups leads to condensation of chromatin 

· Certain proteins that bind methylated DNA also recruit deacetylation – dual mechanism to turn off transcription 

· DNA methylation seems essential for the long term inactivation of certain genes that occurs during normal cell differentiation in the embryo

· Genomic Imprinting: methylation permanently regulates expression of either the maternal or paternal allele of certain genes at the start of development 

· Epigenetic Inheritance:  form of inheritance that deals with the turning on/off certain genes rather than the actual nucleotide sequence. 

Transcription Factors 

· Proximal Control Elements: located close to promoter

· Enhancers: control elements that are further away from promoter (may be thousands of nucleotides upstream or downstream of a gene)

· Activator: protein that binds to an enhancer and stimulates transcription 

· Contain DNA binding domain

· Contain activation domains that bind other regulatory proteins 

· Repressor: inhibit gene expression

· They can block the binding of activators

· Can bind to their own control elements on an enhancer to turn off transcription

· Silencing: recruit proteins that deacetylate histones 

Coordinately Controlled Genes

· Co-expressed genes can often be found scattered all over different chromosomes

· In order for the genes to be expressed at the same time, specific control elements are common in all the genes that need to be expressed

· Activators recognize all these control elements, bind and initiate simultaneous transcription 

· Signal molecules such as hormones and growth factors, serve as a stimulus to initiate the activator 

Post Transcriptional Regulation 

· Alternative RNA Splicing: different mRNA molecules are produced from the same primary transcript, depending on which RNA segments are treated as exons and which as introns 

· Regulatory proteins specific to a cell type control introns-exon choices by binding to regulatory sequences within the primary transcript 

· RNA Interference 

· miRNAs are small single-stranded RNA that can bind to complementary sequences in the mRNA molecules

· when they bind to mRNA they can either degrade it or stop transcription 

· miRNA are formed from larger RNA strands that fold back on themselves to form a hairpin structure. Protein (Dicer) then cuts the hairpin, forming an miRNA 

· Initiation of Translation can also be regulated 

· different proteins can bind to prevent the attachment of ribosomes 

· mRNA’s in an egg can lack poly-A tails, so at the appropriate time an enzyme will add adenosine residues so that translation can begin 

· Protein Processing and Degradation 

· Proteins that need to be degraded are marked with ubiquinone 
· Proteosomes (large protein complexes) recognize ubiquinone and then degrade the protein 

Cancer

· Tumor viruses transform cells into cancer cells through the integration of viral nucleic acid into host cell DNA

1. Epstein Barr Virus (form of herpes) ( Burkitt’s Lymphoma 

2. HPV ( cervical cancer

3. HTLV-1 ( adult leukemia 

· Oncogenes: cancer-causing genes

· Proto-oncogenes: code for proteins that stimulate normal cell growth and division 

· Ras Gene – synthesis of protein that stimulates cell cycle 

· Needs to be stimulated by appropriate growth factor, but certain mutations can lead to hyperactive production 

· Proto-oncogene ( Oncogene via 3 primary methods 

1. Movement of DNA within the genome

· Movement of transposable elements

· Place more active promoter near a proto-oncogene, increasing the rate of transcription 

2. Amplification

3. Mutation in the proto-oncogene itself or in a control element 

· Tumor Suppressor Genes: encode proteins that help prevent uncontrolled cell growth
· P53 Gene: activate p21 that halts cell cycle, turn on genes for DNA repair, and activates suicide genes

Transposable Elements 

· Transposons: move within genome via DNA intermediate. Move by “cut and paste” mechanism. 

· Retrotransposon: moves via RNA intermediate. Move via “copy and paste”. 

· Multigene Family: collections of identical or very similar genes

· Different forms can be expressed at different times to adapt to changing environment

· Pseudogenes: nonfunctional nucleotide sequences quite similar to the functional genes

· Can possibly indicate that random mutations over evolutionary time has destroyed their function

Chapter 20—DNA Technology and Genomics
DNA Cloning 
· Restriction Enzymes: recognizes a specific short DNA sequence, and cuts both strands in a staggered way  -- results in double stranded restriction fragments with sticky ends

· Cloning Vector: bacterial plasmid  that can carry foreign DNA into a cell and replicate it 

1. Isolate bacterial plasmid and DNA from a gene of interest

· Bacterial plasmid treated with ampr so that it is resistant to penicillin and lacZ which is a copy of the restriction site

2. Plasmid and DNA digested with restriction enzyme to produce sticky ends

3. DNA fragments mixed with plasmid to allow base pairing of sticky ends. Base pairing is sealed with DNA ligase
· DNA fragments contain gene of interest as well as a ton of other DNA fragments that are later sorted out via nucleic acid probing

4. DNA plasmid is treated with bacteria that is not resistant to penicillin. 

5. Bacteria is then plated on a agar containing ampicillin. Bacteria that did not take up the plasmid die, while the ones that did survive and replicate. 

6. Identify bacterial clones that are carrying the gene of interest via nucleic acid probing
· Cell’s DNA is denatured, and then treated with an artificially synthesized nucleic acid probe that contains a complementary strand of DNA that will base-pair (hybridize) with the strand of interest

· Genomic Library: collection of many bacterial or phage clones, each containing copies of a particular DNA segment from a foreign genome

· cDNA Library: library subsisting  of genes that were transcribed into mRNA in the original cells. 

· Use DNA polymerase to synthesize complementary DNA strand to the mRNA

· Doesn’t include introns sequences, so only has coding gene sequences 
· Expression Vector: cloning vector that contains a highly active prokaryotic promoter just upstream of a restriction site where the eukaryotic gene can be inserted in the correct reading frame. 

· Bacterial host recognizes the promoter and proceeds to express the foreign gene, not linked to the promoter. 

· Yeast Artificial Chromosomes: foreign DNA is combined with [origin of replication, a centromere, and two telomeres]

· Chromosome like vectors behave normally in mitosis, cloning the foreign DNA

· Polymerase Chain Reaction (PCR): method of amplifying a DNA sequence to make billions of copies within a few hours
1. Reaction mixture containing segment of interest is heated so as to denature the DNA

2. The mixture is then cooled to allow annealing (h-bonding) of short, single stranded DNA primers, complementary to the segment of interest

3. Heat stable DNA polymerase extends the primer in the 5’( 3’ direction 

· The polymerase must be heat stable so that it wouldn’t be denatured after each subsequent cycle of denaturation

4. Cycle gets repeated. After each PCR cycle, the target DNA sequence is doubled so that at some point, the sequence molecules begin to outnumber all others. 

· Gel Electrophoresis: Technique that uses  a gel as a molecular sieve to separate nucleic acids or proteins based on charge, size and other physical properties 
· Nucleic acids carry a negative charge so they are propelled down the gel, towards the positive electrode

· As they move, larger molecules are not able to move as easily down the gel so they go a shorter distance (bigger segments at the top; smaller segments closer to the cathode)

· Southern Blotting:  combines gel electrophoresis and nucleic acid hybridization 

· Fragments are separated by gel electrophoresis, transferred to nitrocellulose paper (membrane); radioactive probe complementary to segment of interest is added to membrane and then you transfer to photographic film that when developed shows radiolabeled segments.

· Restriction Fragment Length Polymorphisms (RFLPs): differences in the restriction sites on homologous chromosomes that result in different restriction fragment patterns

· Linkage Map:  a genetic map based on recombination frequencies that portrays the order of genes along a chromosome (does not portray the precise location)
· The farther apart two genes are, the higher probability that crossing over will occur so, the higher the recombination frequency

· FISH (fluorescence in situ hybridization): fluorescently labeled probes hybridize to whole chromosomes and can provide starting point for mapping 

· Physical Map: after linkage map has been made that determines the order to genes on a chromosome, physical mapping determines the actual distance between the genes. 

· Deoxyribonucleotide Chain Termination Method
· Fragment of DNA to be sequenced is denatured and incubated with a primer (that base pairs with known 3’ end of template), DNA polymerase and four differently fluorescently tagged nucleotides (ddNTPs – each corresponding to different nucleotide [A,T,C,G])

· New strands start to be synthesized, but then ddNTP is added that terminates elongation (because lacks –OH group) and instead attaches fluorescent tag

· Different lengths of DNA segment are generated, each with a different ddNTP added. Depending on location of the tag, and which nucleotide it represents, the sequence can be determined 

· In Vitro Mutagenesis: specific mutations introduced into the sequence of a cloned gene, after which the mutated gene is returned to a cell. If the introduced mutations alter or destroy the function of the gene product, the phenotype of the mutant cell may help reveal the function of the missing normal protein. 
· DNA Microarray Assays: known (single stranded DNA) gene sequences are plated, and then cDNA is made that can hybridize with the sequences. Genes that are fully hybridized are expressed and fluoresce on plate. 

· Proteomics: study of all the proteins coded for by different gene sequences

· Single Nucleotide Polymorphism (SNPs): single base pair variations in the genome that contribute to our diversity (occur 1/1000 base pairs)

· Transgenic Animal: animal that has a gene introduced into its genome that is from another animal (could be even different species)

· Egg removed from female, fertilized in vitro, and injected with cloned DNA segment. Embryo is then surgically implanted into the mother
· Ti Plasmid: commonly used vector that introduces new genes into plant cells in order to endow them with desired trait (resistance to spoilage and disease, etc)

Chapter 21 – Genetic Basis of Development
· Cell differentiation: process by which cells become specialized in structure and function

· Morphogenesis: physical process that gives an organism its shape 

· Animal Development: variation of the blastula and gastrula stages that transform the early embryo into the characteristic form of the organism (limited to early development)

· Plant Development: morphogenesis and growth in overall size are not limited to embryonic and juvenile stages, but occur throughout life (indeterminate growth)

· Apical Meristems: perpetually embryonic regions in the tips of shoots and roots 

· Totipotent Cell: mature cells can dedifferentiate and give rise to all the specialized cell types of an organism 
· Indicates that genes of specialized cells are silenced rather than mutated, changed or degraded 

· Pluripotent Cell: able to give rise to multiple, but not all cell types (ex: stem cells in the marrow give rise to all kinds of blood cells, intestinal wall regenerates all the cell types involved in regeneration of intestinal epithelial)

· Reason Animal Cloning is rarely successful: genes of parent are silenced, methylated, acetylated, etc differently at different stages of their life depending on environmental and biological changes. Some of these silenced genes are necessary for embryological development so the embryo does not sufficiently develop. (It has been found that cloned animals show excessive amount of methylated DNA)

· Determination: refers to the events the lead to the observable differentiation of a cell 

· Signals from other cells lead to activation of transcription factors that differentiate the genes to follow their specific function

· Transcription factors bind to specific control elements in the enhancers of various target genes and stimulate their expression

· Cytoplasmic Determinants: maternal substances in the egg that influence the course of early development 

· The cytoplasm of an unfertilized egg contains RNA, proteins, organelles and other substances that are unevenly distributed in the egg

· After fertilization, early mitotic divisions distribute the zygote’s cytoplasm into separate cells – cells are exposed to different cytoplasmic determinants that help direct the course of cell differentiation

· Induction: signal molecules that cause changed in nearby target cells (ie: contact with cell-surface receptors of neighboring cells or binding of growth factors secreted by neighboring cells)

· Inducers produce their effects via signal transduction pathways similar to those operating in adult cells

· Effect depends on the concentration of inducer

· In developing embryo, sequential inductions drive the formation of organs 

· Maternal Effect Gene:  situation where phenotype of an organism is determined by the genotype of the mother (regardless of the mother’s phenotype). This occurs because the mother supplies a particular mRNA or protein to the oocyte, so the maternal genome determines whether the molecule is functional. 
· (In drosophila) , also called egg polarity genes, because determine the axis of the embryo 

· Segmentation Genes: genes of the embryo who products direct formation of segments after the major axis has been determined. Regulated by egg-polarity genes

· Homeotic Genes: once segmentation genes have been coded for, homeotic genes specify the types of appendages and other structures that each segment will form 

· Homeotic genes usually code for various transcription factors 

· Hox Gene: homeotic gene in animals that control development of body parts and axial orientation 

· Homeobox: sequence of amino acids that are coded for by homeotic genes. 

· The portion of a protein with a homeobox sequence is called a homeodomainI
· Organ Identity Gene: plant genes that are analogous to homeotic genes in animals

· Determine the type of structure that will grow from a meristem 

· Chimera: plant organisms with a mixture of genetically different cells (ex: plant chimera can have floral meristem in which the 3 different layers come from different parents)
