Biology 1000
Chapter 10.1 &10.3 Readings and Notes

10.1 Mechanism of Genetic Recombination
· Genetic Combination: requires 2 DNA molecules differing from at least 2 places, mechanism binging the molecules close together and enzymes to cut, exchange, and past DNA back together
· Occurs between regions of DNA that are similar, not identical in sequence of bases  
· Called homologous and exist as short as few base pairs or long as entire chromosome
· Once DNA molecules line up and recombine, enzymes breaks a covalent bond in each of the 4 phosphate backbones, where the free ends of each backbone are then exchanged and reattached to opposed DNA molecule 
· Results in a mix of both DNA molecules

10.3 Genetic Recombination in Eukaryotes: Meiosis
· Sexual Reproduction: production of offspring form union of male/female gametes
· Meiosis: process of cell division combining DNA sequences, producing cells w/ half the chromosomes present in the somatic cells (body cells) 
· W/out halving number of chromosomes, fertilization would double # of chromosome after each generation 
· Fertilization: nuclei of egg and sperm cell fuse, producing zygote, where chromosomes are back to normal 

10.3a Meiosis Occurs in Different Places in Different Organismal Life Cycles
· In life cycle of plants and fungi, haploid products of meiosis are spores. Haploid spores divide by mitosis to form multicellular haploid gametophytes, whereas diploid zygote remains unicellular as well as both zygote and spores divide by mitosis. 

Animals
· In male mammals, each of 4 nuclei produced by meiosis is enclosed in separate cell by cytoplasmic division and each cell differentiates to functional sperm cell
· In female animals, ¼ nuclei becomes functional as an egg cell nucleus 
· No mitotic division occur during haploid phase of life cycle

Most Plants and Fungi 
· Alternates between haploid/diploid generations, depending on organism where either generation can dominate life cycle and mitotic divisions occur in both phases
· Fertilization produces diploid generation, called sporophytes
· After maturity, some cells undergo meiosis producing spores (haploids) 
· Germinate and grow by mitosis into haploid individuals called gametophytes
· After maturity, nuclei of some cells develop into egg or sperm nuclei, where all genes are identical b/c arised from mitosis
· Meiosis does not occur in gametophytes
· Fusion of egg/sperm nucleus produce diploid zygote nucleus that divides by mitosis, producing diploid sporophyte 

(Diploid) Sporophyte (most visible)  (haploid) spores (meiosis)  (haploid) Gametophytes (mitosis)  sporophyte (fusion) 

· Female gametophyte remains in flower and male gametophytes are released as pollen. 
· Contact causes pollen to release haploid nucleus fertilizing haploid egg
Some Fungi
· Diploid phase is limited to a single cell, the zygote produced by fertilization 
· Immediately after fertilization, zygote undergoes meiosis producing haploids.
· Haploids then undergo mitosis producing haploid spores eventually turning into gametophytes and eventually + and – gametes formed

10.3b Meiosis Changes Both Chromosome Number and DNA sequence 
· Meiosis produces halved chromosomes and recombined chromosomal DNA sequence as well as products do not contribute to the body of organisms
· One chromosome of each homologous pair, paternal chromosome is from the male parent and maternal chromosome is derived from female parent
· Both chromosomes carry same genes in same order but different versions called alleles are present
· Each chromosome passed on to offspring is composed of a mixture of both maternal and paternal DNA sequence (genetic recombination)

10.3c Meiosis Produces 4 Genetically Different Daughter Cells
· Meiocytes: cells undergoing meiosis
· Replicates DNA and makes more chromosomal proteins during S phase 
· Resulting G2 cells contain replicated chromosome (each w/ sister chromatids) 
· Meiosis I: synapsis occurs where chromosomes pair up with similar lengths gene for gene, recombination then occurs
· Chromosomes of each pair is separated to each daughter cell 
· Meiosis II: sister chromatids are separated with haploid number of chromosomes
· Interkinesis: brief interphase between meiosis I and II 
· No replication occurs 
Prophase I
· Replication of chromosome  synapsis (tetrads/4 chromatids)  genetic recombination  spindle forms in cytoplasm
Prometaphase I 
· Nuclear envelope breaks down  spindle enters nuclear area and attach to kinetochore of both sister kinetochores of 1 chromosome and another set attaches from opposite pole
Metaphase I
· Spindle align tetrads in equatorial plane
Anaphase I
· Spindles separate chromosomes of homologous pair to opposite poles
Telophase I
· Chromosomes somewhat decondense  spindle disassembles  new spindles form 

Prophase II
· Chromosomes condense and spindle forms
Prometaphase II
· Nuclear envelope breaks down  spindle enters nuclear area and attach to kinetochore of both sister kinetochores of 1 chromosome and another set attaches from opposite pole
Metaphase II
· Spindle microtubules align chromosomes on metaphase plate
Anaphase II
· Spindle microtubules separate chromatids of each chromosome to opposite poles
Telophase II
· Chromosomes decondense  spindles disassemble and new nuclear envelopes form
Nondisjunction
· Nondisjunction: When spindles attach to both chromosomes instead of one  zygote has 3 chromosomes (2 from one gamete and 1 from regular)
· Most zygotes do not live except for kids with down syndrome 

Sex Chromosome
· Xy – male and XX – female
· X chromosomes in females are homologous whereas the male X and Y chromosomes are homologous through a short region 
· Gametes formed in females receive either X pair and gamete formed in males receives either X or Y chromosomes

10.3d Several Mechanism Contribute Genetic Diversity 
· Genetic variability arises from 4 sources during meiosis and fertilization 
· 1. Genetic Recombination
· 2. Differing combination of maternal and paternal chromosomes segregated to poles during anaphase I 
· 3. Differing combination of recombinant chromatids segregated to poles during anaphase II 
· 3. Particular sets of male/female gametes united in fertilization 

Genetic Recombination 
· As chromosomes pair and exchange genes, they are held together by a protein framework call synaptonemal complex
· Protein disappears after exchange
· Crossover/chiasmata: regions in which non-sister chromatids cross one another

Random Segregation
· Number of possible combination depends on number of chromosomes pairs in species
· i.e. 39 chromosome pairs  = 239 different combination 

Alternative Combination at Meiosis II
· Chromosome alignment differs depending on chromatids position
· i.e. recombinant chromatids may be on same pole or opposite pole

Random Fertilization 
· Random combination of haploid cells is a matter of chance amplifying variability of sexual reproduction
· [bookmark: _GoBack](223)2 = 70 trillion possibilities 
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