8.1 The Cycle of Cell Growth and Division:
· Scientists have known since the early 19th century that all life on earth is composed of cells and their products 
· All cells are descended from previous cells in an unbroken chain of cell division 
· New progeny cells are needed in order to expand population size, multicellular tissue growth, asexual reproduction and replacement of cells lost to wear and tear 
· If cells divide too quickly, daughter cells may be too small or lack essential cytoplasm and genetic material which is why cell cycle regulation is important 

8.2 The Cell Cylce in Prokaryotic Organsims
· Newly formed prokaryotic cells such as E coli have to double in size, replicate its circular chromosome and move each of the 2 daughter chromosomes into its own progeny cells for cell division 
· The entire mechanism for prokaryotic cell division is binary fission in the bacterial cell cycle
· 1) B period: a bacterial cell has an origin of replication at the beginning of replication 
· 2) C period: replication begins at the origin of replication and proceeds in both directions. Replication takes place in the middle of the cell where DNA replication and enzymes are located
· 3)C period: the 2 replocated orgins migrate to the poles of the cell while replication continues 
· 4) D Period: replication is complete and cell division begins as the plasma membrane grows inward and a new cell wall is synthesized 
· 5) D Period: Binary fision produces 2 daughter cells  
· Once the chromosomes are replicated and seperated to opposite ends of the cell, the membrane pinches together between them and 2 daughter cells are formed 
· Some prokaryotes can skip the B period because they have enough nutrients to divide 

8.2 a Replication Occupies Most of the Cell Cycle in Rapidly Dividing Prokaryotic Cells
· All bacteria uses DNA as hereditary information and vast majority of species package it all in a single circular chromosome of double stranded DNA 
· The chromosome is packaged in the region of the cell called the nucleoid 
· If there are enough nutrients then there is no need for a B period of the cell cycle because they can grow quickly enoughto divide their cytoplasm as asoon as DNA replication is complete and chromosomes are seperated 

8.2 b Replicated Chromosomes Are Distributed Actively to the Halves of the Prokaryotic Cell
· A model was proposed for the segregation of bacterial chromosomes to the daughter cells in which the 2 chromomes attach to the plasma membrane near the middle of the cell and seperate as a new plasma membrane is added between the two sites during cell elongation
· The essence of this model is that chromosome separation is passive 
· Current research indicates that bacterial chromosomes rapidly seperate in an active way tht is linked to DNA replication events and is independent of cell elongation 
· Replication of bacterial chromosome commences at the origin of replication which is in the middle of the cell where enzymes for DNA replication are located 
· The two new origins go toward opposite poles of the cell as replication continues for the rest of the chromosome 
· Afterwards, cytoplasmic division is associated with an inward constriction of a cytokinetic ring of cytoskeletal proteins 
· New plasma membrane and cell wall material is assembled to divide the cell into 2 equal parts 

8.2c Mitosis has evolved from and Early Form of Binary Fission 
· Prokaryotic mehanism works effectively because most prokaryotic organisms have only a single chromosome 
· If a daughter cell receives at least one copy of the chromosome, its genetic information is complete 
· Eukaryotic DNA is divided into several chromosomes with each chromosome containing a greater length of DNA than a prokaryotic chromosome
· When eukaryotes divide, their nuclear membrane disintegrates and reforms again around daughter cells 
· Mitosis is useful because it allows for cells to hold more than one strand of dna at a time 
· Eukaryotic chromosomes are nuclear bound unlike bacteria and due to their chromosomal structures must go through mitosis intead of binary fission 
· If a daughter cell were to fail to recieve a copy of a chromosome then the effects would be lethal 
· During most of the cell cycle eukaryotic chromosomes are contained within the nulear membrane 
· Bacteria + archea have no internal nuclear membrane around their nucleoid 
· Central innovatin of the evoloution of mitosis is the ability to hold 2 newly created molecules molecules of double stranded DNA (called chromatids) together after DNA synthesis 
· This ensures that cells to keep trak of long replicated chromosomes snd to oreint them relative to the cytoskeleton at the proper time to ensure precise distribution to daughter cells 
· In most higher eukaryotes, the nuclear membrane disintegrates at the time when chromosomes are being distributed and reforms around them in daughter cells 
· Variations in the mitotic apparatus in modern day organisms show intermediates  in the evoloutionary pathway to mitosis from some ancestral type of binary fission 
· More advanced form of mitotic apparatus is seen in yeasts and diatoms. In these organsisms, there is a spindle of microtubules made of polymerized tubulin protein froms and chromosomes segregate to daughter nuclei without the disassembly and reassembly of the nuclear envelope 

8.3 Mitosis and the Eukaryotic Cell Cycle 
· As long as eukaryotes require daughter cells to be genetic copies of the parental cell, mitosis does well to divide replicated DNA equally and precisely 
· 3 elegantly interrelated system 
· An elaborate master program of molecular checks and balances ensures an orderly and timely progession through the cell cycle
· Through regulation of cell cycle, a process of DNA synthesis replicates each DNA chromosomes into 2 copies 
· Structural and mechanical web of interwoven cables and motors of the cytoskeleton separate replicated DNA into precise daughter cells 
· @ a particular stage of cell cycle of sexually reproducing organisms, meiosis produces cells genetically different from parent cells 
· Meisois produces daughter nuclei different as daughter nuclei have ½ the # of chromosomes parental nucleus had 
· Mechanisms involved in producing daughter nuclei produce arrangements of genes on chromosomes different from parent cell 
· Cells that are products of meisosis can function as gametes in animals and as spores in plants and fungi

8.3a Chromosomes are the Genetic units divided by mitosis
· Heridatary info in eukaryotes is distributed among several linear double stranded DNA molecules 
· DNA molecules are combined with proteins which stabilize the DNA and assist in packaging DNA during cell division which influence the expression of individual genes 
· Each chromosome in a cell is composed of one of these DNA molecules along with its associated proteins 
· Eukaryotes have 2 copies of each type of chromosome in their nuclei and their chromosome in their nuclei and their chromosome complement is a diploid or 2n 
· Other eukaryotes have only one copy is said to be haploid 
· Before mitosis, duplication of each chromosome produces 2 identical copies of chromosome or sister chromatids  
· Duplication of each chromosome involves replicating DNA molecule it contains and doubling the proteins that are bound to the DNA to stabalize it 
· Newly formed sister chromatids are held tightly by sister chromatid cohesion which encircles the length of it 
· During mitosis the cohesins are removed and the sister chromatids are seperated, each going to one of the two daughter nuclei 
· After the division, each daughter nucleus recieves the same number and typs of chromosomes and contains same genetic info as parent cell that entered the division 
· Equal distribution of daughter chromsomes into each of the 2 daughter cells that result from cell division is called chromsome segregation 
· A pair of sister chromatids attached to each other is called a chromosome 
· Before replication one chromsome is composed of one DNA molecule, after replication one chromosome is composed of 2 DNA molecules 
· DNA replication increases the amount of DNA in nucleus but doesnt increase number of chromsosmes 
· All cells of a clone are gentically identical 

8.3b Interphase Extends from the End of One Mitosis to the Beginning of the Next Mitosis 
· 1st and longest stage is interphase of mitosis
· 3 steps to interphase:
· 1) G1 phase, cell carries out its function and sometimes grows
· Period of growth before DNA replicates. Cell makes various RNAs, 
· proteins and other types of cellular molecules but not DNA 
· G1 is typically the phase of the cell cycle that varies in length 
· Other phases are typically uniform in length within a species 
· Whether cells divide rapidly or slowly depends on the length of the G1 phase 
· Some cells stop dividing in G1 and those that are not destined to divide enter a shunt from G1 called the G0 phase 
· G0 may start dividing again by reentering G1 
· During interphase, chromosomes are organized but loosely packed in nucleus 
· There are internal regulatoy controls that trigger each phase of the cell cycle to ensure that each phase is completed successfully before the next one begins 
· 2) S phase, DNA replication and chromosome duplication occur. Synthesis continues for other cellular molecules 
· 3) G2 phase, brief gap in the cell cycle where cell growth continues and cell prepares for mitosis and cytokinesis. The end of G2 is the end of interphase 

8.3c After Interphase Mitosis proceeds in Five Stages 
· Prophase:
· Replicated chromosomes that were replicated during interphase condense into rod structures 
Why do cells divide:
· external/environmental cues to signal cell divisions
· Growth factors eg. hrmnes
· Death of nearby cells
· Communication from nearby cells
· Nutrients
· Cell size 
· Cues to stop cell division
· Lack of growth factors
· Crowding (contact inhibition)
· Shortened telomeres leading to DNA damage 
· Walk around the cell cycle 
· S phase is synthesis or replication 
· G2 phase is prepping or mitosis 
· M phase is mitosis 
· Mitosis:
· Nuclear division that produces daughter nuclei that are exact genetic copies of the parental nucleus 
· Mitosis is the process that divides replicated DNA into two equal parts
· 3rd hit on Google:
· Mitosis is a process where a single cell divides into two identical daughter cells (cell division)
· SimUtext:
· Mitosis is the sequence of events that splits eukaryotic cells into two genetically identical cells 

· Replicated chromosomes
· Sister chromatids are glued along their length by cohesin
· Loose DN gets wrapped around histones and gets even more packed and become a replicated chromosome 
· Mitotic spindle: structure 
· Mitotic spindle is composed of microtubules (cytoskeleton components rearranged )
· Moving chromosomes
· Motor proteins associated with kinetochores (has motor proteins)
· Chromosomes walk themselves to the poles 
· Microtubules slide past one another and push poles apart 
· Motor proteins associated with motor proteins 
· Cell Cycle Checkpoints
· Mechanisms that delay or halt progression through the cell cycle until the cell is prepared
· G1 phase and beginning of DNA synthesis: asks if cell can divide (are chromosomes correctly attached to mitotic spindle?
· During G2/S is it tim t divide? (‘rea’ external cell division signals)
· Is DNA OK to be replicated or is it damaged 
· Regulation of the cell cycle by cyclins and cyclin dependant kinases 
· There are some that direct the cl thG1 to S phase 
· WHat could happen if ce division is uncontrolled? 
· For example k
· Normal and cancer cells: 
· Normal
· Large cytoplasm
· Single nucleus
· Single nucleolus
· Fine chromatin 	
· Cancer
· What ensures sameness
· How and why do these things ensure smeness
· Complementary base pairing
· Dna polymerase activity
· Mismatch error correction
· Telomerase
· DNA replication before prophase
· Mitotic spindle
· Chromosome condensation during prophase
· Timing of cytokinesis
· checkpoints
Cytokenesis in plants vs animals:
· Animals: furrow is developed and cell grows inward
· Plants: vesicles form a large wall until they form a cell plate in which the cells become seperated 

Kinetichore spindles attach to kineticores to move them closer to the ends of the poles while non kineticore spindles overlap with each other and make the poles further away 

motor proteins at the spindle poles pull kinetochore microtubules poleward, disassembling those microtubules into tubulin subunits as that occurs


G1/S phase: mechanisims governing cell cycle determine if cell can divide. Cell is arrested if there is DNA damaged by radiation or if there are hormones missing from cell growth then the dna 

G2/M phase: passing through this commits a cell to mitosis. Cell is stopped if DNA did not replicate fully in S or if DNA is damaged by radiation. Identical daughter cells need replicated DNA 

Mitotic spindle checkpoint: Within the M phase before metaphase and asses wheteher chromsomes are attached with spindles and wheteher they will lign up at the metaphase plate 


Enzymes that regulate cell cycle:
· Cyclin-dependant kinases (enzyme) 
· Are only active when bound to a cyclin molecule 
· Phosphorolates specific proteins and regulates that protein 
· Cdk + cyclin combo ensures that no cell gets uneven number of chromosomes or gets damaged DNA 
· Cyclins (protein) 
· G1/S cyclin binds to Cdk2 @ end of G1 forming a complex required for the cell to pass through and commits it to DNA replication 
· S cyclin binds to cdk2 in S phase required for the initiation of DNA replication 
· M cyclin binds to cdk1 in G2 forming a complex required for the progession of the cell through mitosis 

Cdk1 also initiates and enzyme that degrades all the inhibitors of anaphase and allows for the mitotic spindle to form. Also degrades M cyclin which causes cdk1 to lose activity and allows seperated chromsomes to be extended again  

Peptide hormones and proteins help regulate the cell cycle. They end up binding to receptors at the cell surface and phosphate groups to cyclin-cdk complexes which help slow and speed up replication. 

Extra cellular matrix help determine contact with other cells and contact contract internal pathways that end up being shunted in the G0 phase and are held until they are stabalized and end up growing tissue


Cancer cells are able to divide and have cellular attraction to one another but due to metastasis makes cells lose attraction for one another and the cells end up going to other areas and infecting those areas. Metastasis is promoted by failed contact inhibition and alter outer cell molecules. Cancer cells also have tehir own cdk-cylcin complexes that do poor job of regulating the cancer cell cycle and thus provides more cells at a greater rate of allowance 

8.h:
· Some cells are programmed to die for example programmed cell death is called appostosis 
· Capases are the main execuctioner for this 
· The cascade reaction of death occurs when gene is cued from a stimulant called egg laying defecient which is a protein that binds CED 9 protein and then releases a bound CED 4 protein
· CED 3 capase is then activated and cell death ensues 
· Death is occured from bad dna or disrupted mitochondria 

· Chapter 9: 
· Identify, predict, develop/analyze a model reflecting the stage of mitosis or meiosis based on ploidy and C value coefficients and vice versa
· Identify phases of meiosis by description, cartoon, and/or microscope image
· Predict the consequences of mutations to, losses/gains of, or drugs affecting, key enzymes and/or cell components on meiosis
· Describe the structure and function of cell structures and connect these structures to their role in meiosis
· Describe the phases of meiosis and their associated key events and consequences
· Alleles result from the a paternal and maternal chromosome recombination 
· Genetic recombination of the actual DNA sequence on chromosomes. Recombination involves breaking the covalently bonded DNA backbones, exchanging the ends with those of the other homologue and reforming the bonds. Therefore each chromosome passed on is composed of a mixture of both maternal and paternal DNA sequence 
· Different alleles of a given gene have similar but distinct DNA sequences and may end up encoding variations of the given RNA or protein gene product which could result in a different structure and/or different biochemistry 
· Offspring end up getting their own individual unique combination of inhereted traits including attributes such as size and colour
· Meiosis seperates the members of each homologous 
· Predict and/or identify the phase in meiosis in which an error occurred based on the resulting daughter cells
· Identify and distinguish between the purpose of mitosis and/or meiosis in the life cycles of plants, animals, and fungi
· Meiosis is in animal life cycles, zygotes divide by mitosis 
· Spores and zygotes divide by mitosis 
· Meiosis is in other fungi and algae 
· Animals:
· Animals follow the pattern in which the diploid phase dominates the life cycle. Haploid phase is reduced and meiosis is followed by gamete production. In male animals, each of the 4 nuclei produced by meiosis is enclosed in a seperate cell by cytoplasmic divisions and each of the four cells differentiates into a sperm cell 
· In female animal cells, only one of the four nuclei becomes functional as an egg cell nucleus 
· Fertilization restores the diploid stage of the life cycle, animals are haploids only as sperm or eggs (no haploid divisions occur during the haploid stage of the life cycle) 
· Most Plants and some Fungi:
· These organisms alternate between haploid and diploid generations (either generation can dominate the life cycle and mitotic divisions occur in both phases) 
· Considered as the “alternating generation life cycle” because the diploid and haploid stage can be multicellular 
· In these organisms fertilization produces the diploid generation, in which individuals are called sporophytes 
· After sporophytes go through maturity through mitotic division, some of their cells go through meiosis which produce haploid, genetically different reproductive cells called spores 
· Spores aren't gametes, they germinate and grow directly by mitotic divisions into a generation of haploid individuals called gametophytes 
· At maturity the nuclei of some cells in gametophytes develop into egg or sperm nuclei and are all genetically identical because they arise from mitosis
· Meiosis does not does not occur in gametophytes 
· Fusion of a haplid egg and sperm nucleus produces a diploid zygote nucleus that divides by mitosis to produce the diploid sporophyte generation again 
· Most fungi:
· The life cycle of fungi and algae follow the 3rd life cycle pattern
· In these organisms, the diploid phase is limited to a single cell, the zygote produced by fertilization 
· After fertilization, the diploid zygote undergoes meiosis to produce the haploid phase
· Mitotic divisions only occur in the haploid phase 
· During fertilization, 2 haploid gametes, one being (+), the other being (-) because they are similar in structure fuse to form a diploid nucleus 
· Nucleus enters meiosis and produces 4 haploid cells 
· These cells develop directly or after one or more mitotic divisions into haploid spores 
· eventually , both positive and negative gametes are formed in these individuals by mitotic divisions
· Since gametes are produced by mitosis, all gametes are genetically identical to each other 
· Compare and contrast the consequences of mutation as a source of variability versus meiosis/fertilization
· Predict the consequences of errors or novel scenarios involving genetic recombination, independent assortment, and/or chromatid separation
Diploid: 2 basic sets of chromosomes 
Somatic: body cells 
Haploid: one basic set of chromosomes 
Tisomy:
Gene:
Allele: homologous chromosomes carry the same genes arranged in the same order, different versions of these genes are called alleles. They also have similar but distinct DNA sequences
Homologous chromosomes: DNA that is very similar but not identical in the sequence of its bases 
Sister chromatids:
Nondisjunction 
Cross-over:
Chiasmata: 
Recombination: The process of cutting and pasting DNA backbones into new combinations 
Prophase I: 
Interkinesis: a brief interphase that separates the 2 meiotic divisions but no DNA replication occurs during interkinesis 
Microtubules: 
zygote: during fertilization, the nuclei of the egg and a sperm cell fuse to produce the cell known as  zygote 
Synapse: 


Meiosis vs Mitosis: 
Meiosis: 
· Mixes genetic information into new combinations so that it is unlikely for the offspring to be genetically identical to parents or siblings 
DNA Replication begins with interphase:
Interphase: chromosomes arent visible yet, 
Prophase 1: replicated chromsomes, each consisiting of 2 sister chromatids begin to fold and condense into threadlike structures in the nucleus. They then come together and line up dife by dife in a process called pairing or synapsis. Once the homologous chromosomes are paired they are known as a tetrad (refering to that each homologous pair has 4 chromotdis) 
Prometaphase 1: nuclear envelope breaks, spindle eners former nuclear area. The 2 chromosomes of each pair attach to kinetochore microtubules that are anchored to opposite spindle pole. This is so that both sister chromatids of one homologue attach to microtubules leading to one spindle pole. 
Metaphase 1 & Anaphase 1: 
· Movements of the spindle microtubules have aligned the recombined tetrads on the equatorial plane- the metaphase plate. Then the 2 chromosomes of each homologous pair separate and move to opposite spindle poles during anaphase 1. The movement segregates each homologous pair and creates a haploid set of chromosomes to each pole on the spindle. However, all chromosomes at the poles are still double structures composed of 2 sister chromatids joined at their centromeres. 

Telophase1 & Interkinesis: 
· Telophase 1 is a brief transitionary stage where there isnt much change in the chromsomes 
· New nuclear envelopes form in some species but not in others 
· Telophase is followed by interkinesis when the single spindle of the 1st meiotic division dissassembles and the microtubules reassemble into two new spundles for the 2nd division 
· There is no DNA replication between the 1st and 2nd division 
Prophase 2, Prometaphase 2 and Metaphase 2: 
· Chromosomes condense 

Prophase 1: 
1) @ the beginning the chromosomes condense into threadlike structures. Each chromosome consists of 2 sister chromatids due to DNA replication during premeiotic interphase
2) Synapsis: Homologous chromosomes come together to pair 
3) Recombination: while paired, the chromatids of homologous chromsomes undergo recombination by exchanging segments
Prometaphase 1:
1) Nuclear envelope breaks down
2) Spindle moves into former nuclear area 
3) Kinetochore microtubules connect to chromosomes 
4) Kinetochore microtubules from one pole attach to both sister kinetochores of one duplicated chromsome
5) Kinetechore microtubules from other pole attach to both sister kinetochores of the other duplicated chromosome 
Metaphase 1: 
1) Movement of spindle microtubules align the tetrads in the equitorial plate between the two spindle poles 


Anaphase 1: 
1) Spindle microtubules sperate the 2 chromosomes of each homologous pair and move them to opposite spindle poles 
2) Poles now contain haploid chromosomes 
3) Each chromosome at poles still has 2 sister chromatids 

Telophase 1: 
1) Little to no change except for limited condensation of chromosomes 
2) Spindle of 1st meiotic division disassembles, 2 new spindles form for 2nd division 

Prophase 2: 
1) Chromosomes condense and spindle forms 

Metaphase 2: 
1) Movements of spindle microtubules align chromosomes on metaphase plate

Anaphase 2: 
1) Spindle microtubules separate the 2 chromatids of each chromosome and deliver them to opposite ends of the pole  

Telophase 2: 
1) Chromosomes begin to condense 
2) Spindles disassemble 
3) New nuclear envelope forms 
9.3d
· Generations of genetic variability increase evolutionary advantage of sexual reproduction and successive generations will have greater success at surviving changing environments 
· Genetic variability comes from 4 sources: 
1) Genetic recombination of homologous chromosomes 
2) Differing combinations of maternal and paternal chromosomes separated
3) Differing combinations of recombinant chromatids segregated to the poles during anaphase 1
4) The particular 	female and male gametes that unite during fertilization 
Genetic Recombination: 
· Recombination occurs when homologous chromosomes pair 
· Homologous chromosomes have same genes in same order but are likely have different versions of those genes
· Therefore the underlying DNA sequence is similar enough to form the basis of meiotic pairing but different enough to generate novel combinations after recombination 
· Homologous pairs are held together by protein complex called synaptonemal complex 
· Regions of the chromatids exchange segments and produce new combinations of alleles 
· When the exchange is completely done toward the end of prophase 1, the synaptonemal complex disassembles and disappears 
· Physical effects of recombination can be seen later in prophase 1 due to increased condensation of of chromosomes and thickens them enough to make them visible under light microscope 
· Cross overs or chiasmata are called the regions of the non-sister chromatids cross over each other show that 2 of the 4 chromatids have exchanged segments 
· Chromosomes pair on top of the other 
· Recombination occurs randomly and occurs at almost any position along the chromosome 

Random Segregation: 
· Random segregation of maternal and paternal origin accounts for the 2nd major source of genetic variability in meisosis 












Chapter 12: DNA Replication 
DNA Replication → replication fork 

· For antiparallel structures, the phosphate group is always on top of the 5’ carbon 
· DNA polymerase reads a strand in the 3’ → 5’ direction but adds 5’ → 3’ 

[image: ]

Progeny cells refer to offspring and is a gene inherited after mating 

In all eukaryotes, hereditary info of the nucleus is transfered into several linar double stranded DNA molecules, they are also packaged with proteins which help with packaging during cell division and influence the expression of individual genes. Each chromosome contains one of these DNA molecules along with its associated proteins 

# of chromosomes is called a ploidy of a cell or species 

Before a cell divides in mitosis, duplication of each chromosome produces 2 identical copies of each chromosome called sister chromatids (duplication of a chromosome involves replicating DNA molecule, doubling the amount of proteins)

DNA purines are built from carbon and nitrogen
DNA pyrimidines are single carbon 

Sister chromatid cohesion hold sister chromatids together (proteins encircle the chromatids and their length). During mitosis, the cohesins are removed and sister chromatids are seperated with one of ach pair going to each of 2 daughter nuclei. Daughter nuclei get same # of chromosomes and same genetic info as parent cell. Equal distribution of daughter chromosomes into each of the 2 daughter cells from cll division is called chromosome segregation 



Chapter 13:
DNA and RNA both consist of nucleotides which contain a sugar, a base and a phosphate group

DNA is composed of a double strand forming a helix whereas RNA is only composed of one strand

sugar in DNA is deoxyribose whereas in RNA it is ribose

DNA and RNA have the bases adenine, guanine and cytosine. However DNA also contains thymine which is replaced by uracil in RNA.

first stage of transcription is the uncoiling of the DNA double helix. 

free RNA nucleotides start to form RNA strand using one of DNA strands template

done through complementary base pairing

 in the RNA chain, the base thymine is replaced by uracil

RNA polymerase is the enzyme involved in formation of the RNA strand and the uncoiling of the double helix

The RNA strand then elongates and then separates from the DNA template

 The DNA strands then reform a double helix. The strand of RNA formed is called messenger RNA.

 (3 bases) forms a codon

 codon codes for particular amino acid

 Amino acids in turn link to form proteins.

DNA and RNA regulate protein synthesis

genetic code is the codons within DNA and RNA, composed of triplets of bases eventually lead to protein synthesis.

translation is the process proteins are synthesized

uses ribosomes, messenger RNA which is composed of codons and transfer RNA which has a triplet of bases called the anticodon

 first stage of translation is the binding of messenger RNA to the small subunit of the ribosome.

transfer RNA’s have a specific amino acid attached to them which corresponds to their anticodons

 A transfer RNA molecule will bind to the ribosomeit’s anticodon must match the codon on the messenger RNA

Done through complementary base pairing
 These two form a hydrogen bond together. 

Another transfer RNA molecule then bonds

 Two transfer RNA molecules can bind at once

 Then the two amino acids on the two transfer RNA molecules form a peptide bond

The first transfer RNA then detaches from the ribosome and the second one takes it’s place

The ribosome moves along the messenger RNA to the next codon so that another transfer RNA can bind

a peptide bond is formed between the amino acids and this process continues

 This forms a polypeptide chain and is the basis of protein synthesis




Chapter 16

Genomics:
Genomics consist of 3 main areas of study 
1) Genome sequencing determination and annotation, meaning obtaining sequences of complete genomes and analyzing them to locate protein coding and non-coding RNA genes as well as other important sequences in the genome 
2) Determining the functions of genes, meaning using the genome sequence data to study the functions of genes and other parts of the genome. Studying includes developing an understanding of how their expression is regulated in respect to genes. Study of protein coding genes includes determining what proteins they encode and how they function in the metabolic process of an organism 
3) Studying how genomes evolved and comparing genome sequence data to develop an undrtanding of how genes (particularly protein-coding genes ) originated and genes and genomes changed over evoloutionary time. Studies of genome sequences for  number of organisms represent an area of genomics known as comparative genomics. 

16.2 Genome Sequence Determination and Annotation
· Analyzing sequences of bases in a genome and analyzing sequence data on a computer 
· Whole genome shotgun sequencing is a method where DNA is isolated and purified., afterwhich that DNA is broken int thosands to millions of random overlapping fragments
· Each fragment is amplified to produce many copies which can then determine the seuquence of the fragment. This is done by computer where the computer assembles overlapping sequences into continuous sequence of each chromosome 
· DNA sequencing methods have in common the following steps:
· 1) DNA purification
· 2) DNA fragmentation 
· 3) amplification of fragments
· 4) sequencing each fragment
· 5) assembly of fragmen sequences into genomic sequences 



· Understand the link between DNA structure, genotype and phenotype and use this knowledge to interpret novel situations/information
· Understand and apply the basic concepts associated with protein synthesis (relating to transcription/translation's process, codons, genetic code, link between genes and proteins, etc.)
· Understand the 'relationship' between genome size and complexity
· Identify what type of 'information' is coded in genomes (e.g. proteins, structural sequences, etc)
· Understand the proportion of human genome coding for protein, the relative distribution of various components of genome sequence ("junk" vs. essential DNA)
· Understand and describe the different types of genomic variation among humans


Dideoxyribonucleotides have a -H on the 3’ carbon of the deoxyribose instead of the -OH found in normal deoxyribonucleotides 

Topoisermerase relieves the twisting of the dna strand from helicase pulling on it

Requirement of rna primer to initiate DNA replication results in linear chromosomes of DNA getting shorter. When primer is removed from replication, a gap persists from (3’ → 5’) and gap will be left at the 5’ end. Everywhere else on chromosome, gaps are filled with DNA polymerase by elongating on 3’ end of neighbouring nucleotide.

Eukaryotes can afford to lose some DNA sequence because they have telomeres which are non coding regions that protect DNA and is a buffer to vital DNA once replication starts. Telomerase is an enzyme that adds DNA to the end of chromosomes (type of DNA polymerase). Telomerase and all other DNA Polymerases have to elongate on the 3’ end. Telomerase only lengthens the chromsome and does not prevent it from future shortening.

Cancer cells use telomerase so it doesnt shorten 

Mismatched pairs in DNA helix cause weird shape. Enzymes remove the mismatched pair and DNA polymerase resynthesizes the strand

Cellular sescense is the inability for a cell to be able to divide frequently which helps against cancer 





Chapter 17: History of Evolution

· The historical development of evolutionary thought
· Development of a theory to explain evolution,evidence, falsifiability
· Framework for understanding modern biology 
· Road map for this course 

· Evolution:
· The gradual change of populations or organisms over time, time measured in generations rather than years
· The process by which different kinds of living organisms are thought to have developed and diversified from earlier forms during the history
Nature has an order:
· Aristotle believed that nature could be put on a ladder and things on this ladder could neither go up or down, this way of thinking lasted 1000 years
Vitruvian Man 
· Leonardo da Vinci
· The human body was divinely created 
What would i think if i lived in 1490?
· The world was a few thousand year old
· Species were created separately 
· Organized into an unchanging hierarchy, ladder of life 
· Humans positioned just below the angels 

15th-18th centuries were the age of discovery

In the 18th century (1700’s):
· Perhaps
Carl Von Linne 
· Did not believe in evolution
· Believed that god created species
· His contribution was that he organized the organisms into defined categories
· Animals>mammal>primate>homo sapien
George-louis Leclerc
· Compared the structure of different organisms
· Questioned why organisms have vestigial structures (non functioning) 
Why do pigs have toes that do not touch the ground
· George looked at the sturtcure of the foot and linked it to previous ancestors of the pig

· These theories proved to not be true within a few thousand years as it isn't enough time for a species to evolve 
19th century progress in Geology
· George cuvier
· Father of paleontology 
· Fossils in different geological layers represent organisms that had lived at successive times in the past 
· Established that species can go extinct
· Developed catastrophism:
· Sudden events in the earth's crust wipe out many specis at once 
· Different species would be created anew - resulting in a different set of fossils 
· Charles Lyell:
· Developed uniformitarianism
· Geological processes in the past are the same that occur today (eg. volcanic eruptions, earthquakes, erosion)
· Geological processes are very slow
· Millins of years to mould earth's current landscape 
· Species do change over time
· Jean-Baptiste Lamarck
· Species change in response to their environment
· Changes are inherited,passed to the next generation
· Proposed 
· Evolution of the giraffe’s neck according to Lamarck
· Body parts grow or shrink depending on how much they are used 
· Inheritance of acquired characteristics (acquired over a lifetime)
· Theory of Natural selection
· Charles darwin:
· Mechanism for how evolution can occur
· Populations evolve, not individuals
· An explanation for the origin of biological diversity, new species 
· Darwin also thought about artificial selection: eg pigeon breeding 
· Charles Darwin went to galapagos islands and saw finches with different beak sizes and shapes and came to conclusion that they evolved and adapted to the conditions of each island 
· Evolution by natural selection
· Variation in traits among individuals of a population, many of which are heritable
· Many offspring are produced, more than are needed 
· Individuals whose traits allow them to better survive their environment 
· Depending on environmental conditions like food predation and climate diseases affects populations of pigeons
· What does the theory of natural selection tell us about the evolution of life?
· Populations can become more different over time resulting in new species
· All organisms descended from ancestors 
· All species that have ever lived are related 
· Species relationships can be represented by a branching tree
· Primate evolutionary tree 
· Over time more species are created 
· Show lineages that have gone extinct over time 
· The theory of natural selection explains how evolution can occur
· Based on information evidence of evolution from:
· Comparative morphology/anatomy
· Biogeography
· Fossils
· Geology
· Economics
· However darwin did not know how traits were inherited 
· Since then other mechanisms have been described 



image01.png




