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1 MeiosisMeiosis
Chapter 13Chapter 13

2 Meiosis and Sexual Life CyclesMeiosis and Sexual Life Cycles
Chapter 13Chapter 13

3 HeredityHeredity
 Hereditary is the continuity of biological traits from one generHereditary is the continuity of biological traits from one generation to the nextation to the next
 Results from transmission from parents to offspringResults from transmission from parents to offspring
 Genes are the unit of heredityGenes are the unit of heredity
 One gene ~ one polypeptideOne gene ~ one polypeptide
 Expression of proteins coded by genes produce an organism’s inheExpression of proteins coded by genes produce an organism’s inherited traitsrited traits

4 Comparison of Asexual & Sexual ReproductionComparison of Asexual & Sexual Reproduction
1  Single Single indivindiv is sole parentis sole parent

 All parent genes passed onAll parent genes passed on
 Offspring genetically identical to parentOffspring genetically identical to parent
 ClonesClones
 Differences due to mutationsDifferences due to mutations

2  2 parents for offspring2 parents for offspring
 Parent ½ genes passed onParent ½ genes passed on
 Offspring unique combinations genesOffspring unique combinations genes
 Combination of 2 parents’ genes major source of variationCombination of 2 parents’ genes major source of variation

5 TerminologyTerminology
 Somatic cell: body cells (soma=body)Somatic cell: body cells (soma=body)
 Germ cell: reproductive cell; formed in ovary or testes; egg or Germ cell: reproductive cell; formed in ovary or testes; egg or spermsperm
 KaryotypeKaryotype: photomicrograph of metaphase chromosomes arranged sequentially: photomicrograph of metaphase chromosomes arranged sequentially
 Homologues: pair of chromosomes; same size, same location of Homologues: pair of chromosomes; same size, same location of centromerecentromere, , 

same genessame genes
 AutosomeAutosome: chromosome that is not X or Y: chromosome that is not X or Y
 Diploid: 2 sets chromosomes; 2nDiploid: 2 sets chromosomes; 2n
 Haploid: 1 set chromosomes; nHaploid: 1 set chromosomes; n

6 MeiosisMeiosis
 Cell division resulting in formation of gametes Cell division resulting in formation of gametes –– REDUCTION divisionREDUCTION division
 Fertilization restores diploid conditionFertilization restores diploid condition
 In animals, gametes are only haploid cellsIn animals, gametes are only haploid cells
 Following replication of chromosomes, there are 2 divisions of tFollowing replication of chromosomes, there are 2 divisions of the nuclear he nuclear 

material resulting in 4 haploid cellsmaterial resulting in 4 haploid cells

7 Stages of MeiosisStages of Meiosis
 Meiosis I:  prophase I, metaphase I, anaphase I, Meiosis I:  prophase I, metaphase I, anaphase I, telophasetelophase I, followed by I, followed by 

cytokinesiscytokinesis
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 Meiosis II: prophase II (only if cell entered Meiosis II: prophase II (only if cell entered interkinesisinterkinesis); metaphase II, ); metaphase II, 
anaphase II, anaphase II, telophasetelophase II, followed by II, followed by cytokinesiscytokinesis

8 InterphaseInterphase II
 Precedes meiosisPrecedes meiosis
 Chromosomes replicateChromosomes replicate
 CentrioleCentriole pairs replicate into two pairspairs replicate into two pairs

9 Prophase IProphase I
 Chromosomes condenseChromosomes condense
 SYNAPSISSYNAPSIS occurs: homologous chromosomes come together as pairs forming occurs: homologous chromosomes come together as pairs forming 

tetrads of tetrads of chromatidschromatids
 NonsisterNonsister chromatidschromatids are attached by xare attached by x--shaped shaped chiasmatachiasmata (chi Greek letter is (chi Greek letter is 

“X”)“X”)
 CROSSING OVERCROSSING OVER occurs occurs 
 Nuclear envelope fragmentsNuclear envelope fragments
 CentrioleCentriole pairs migrate to poles as spindle formspairs migrate to poles as spindle forms
 90% of time in meiosis is spent in prophase I90% of time in meiosis is spent in prophase I

10 Metaphase IMetaphase I
 Tetrads line up on prime meridianTetrads line up on prime meridian
 Each homologue attached to Each homologue attached to kinetochorekinetochore microtubulesmicrotubules

11 Anaphase IAnaphase I
 HOMOLOGUES migrate to each poleHOMOLOGUES migrate to each pole
 Sister Sister chromatidschromatids don’t separatedon’t separate

12 TelophaseTelophase I and I and CytokinesisCytokinesis
 Each pole has diploid set chromosomesEach pole has diploid set chromosomes
 Sister Sister chromatidschromatids are still attached at the are still attached at the centromerecentromere
 CytokinesisCytokinesis occurs simultaneously w occurs simultaneously w telophasetelophase I I 
 In some species, nuclear membranes and nucleoli reappear and celIn some species, nuclear membranes and nucleoli reappear and cel ls enter ls enter 

interkinesisinterkinesis
 In most species, daughter cells immediately enter meiosis IIIn most species, daughter cells immediately enter meiosis II
 NO DNA REPLICATION OCCURSNO DNA REPLICATION OCCURS

13 Prophase IIProphase II
 If cell entered If cell entered interkinesisinterkinesis, the nuclear envelope and nucleoli disperse, the nuclear envelope and nucleoli disperse
 Spindle apparatus formsSpindle apparatus forms

14 Metaphase IIMetaphase II
 Chromosomes align on metaphase plateChromosomes align on metaphase plate
 KinetochoresKinetochores of sister of sister chromatidschromatids point towards opposite polespoint towards opposite poles
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15 Anaphase IIAnaphase II
 CentromeresCentromeres of sister of sister chromatidschromatids separateseparate
 Each individual chromosome moves towards opposite poles of the cEach individual chromosome moves towards opposite poles of the cellell

16 TelophaseTelophase II and II and CytokinesisCytokinesis
 Nuclei form at opposite poles of the cellNuclei form at opposite poles of the cell
 CytokinesisCytokinesis occurs producing 4 haploid daughter cellsoccurs producing 4 haploid daughter cells

17 OogenesisOogenesis vsvs SpermatogenesisSpermatogenesis
 Spermatogenesis results in 4 viable haploid sperm cells as descrSpermatogenesis results in 4 viable haploid sperm cells as described in meiosisibed in meiosis
 OogenesisOogenesis results in 1 viable egg; there may be 1, 2 or 3 polar bodies foresults in 1 viable egg; there may be 1, 2 or 3 polar bodies formedrmed
 Polar bodies have no cytoplasm and are assimilated by the bodyPolar bodies have no cytoplasm and are assimilated by the body

18 Mitosis Mitosis vsvs Meiosis IMeiosis I
1  Prophase no Prophase no synapsissynapsis

 Metaphase chromosomes align on metaphase plateMetaphase chromosomes align on metaphase plate
 Anaphase Anaphase centromerescentromeres divide and sister divide and sister chromatidschromatids move to opposite polesmove to opposite poles

2  Prophase I Prophase I synapsissynapsis & crossing over& crossing over
 Metaphase I homologous pairs line up on metaphase plateMetaphase I homologous pairs line up on metaphase plate
 Anaphase I Anaphase I centromerescentromeres do not divide and sister do not divide and sister chromatidschromatids stay together; homologues stay together; homologues 

separate & pairs move to polesseparate & pairs move to poles

19 Sources of Genetic VariationSources of Genetic Variation
short listshort list
 Independent assortment: number of possibilities = 2Independent assortment: number of possibilities = 2nn where n is haploid #where n is haploid #
 For humans 2For humans 22323 ~ 8 million possibilities~ 8 million possibilities
 Crossing over during prophase I ~ 1Crossing over during prophase I ~ 1--3 per chromosome pair3 per chromosome pair
 Random fusion of gametes during fertilization 8E6 mom x 8E6 dad Random fusion of gametes during fertilization 8E6 mom x 8E6 dad = 64 trillion = 64 trillion 

possibilitiespossibilities

20 adaptationadaptation
 Variation is the key to evolutionary adaptation Variation is the key to evolutionary adaptation 
 Natural selection increases frequency of inheritable variations Natural selection increases frequency of inheritable variations that favor that favor 

reproductive success of some individualsreproductive success of some individuals
 Adaptation is accumulation of inheritable variations favored by Adaptation is accumulation of inheritable variations favored by environmentenvironment
 Genetic variation increases likelihood that some members of popuGenetic variation increases likelihood that some members of population will lation will 

survive environmental stressessurvive environmental stresses


