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· generation of genetic variability by meiosis is a prime evolutionary advantage of sexual reproduction
· this variability increases the chance of 
· some offsprings  having combinations of alleles, which will be successful in surviving and reproducing in changing environments 
· scientist believe that meiosis exists to
· 1- create variability
· 2- generate repaired chromosomes to be passed on to the next generations 
· NO 2 humans,except twins,look alike or have identical biochemical and physiological characteristics 
· during meiosis and fertilization genetic variability arises from 4 sources
· 1- genetic recombination of homologous chromosomes 
· 2- the differing combination of maternal and paternal chromosomes separated to be poles during anaphase 1
· 3- the differing combination of recombinant chromatids segregated to the poles during anaphase 2
· 4-the particular sets of male and female gametes that unite in fertilization 
· the 4 sources work together to produce variability so that no 2 products of meiosis produced and no 2 zygotes produced will have the same genetic makeup.  

Genetic recombination 

· is the key genetic event in prophase 1
· 1- starts when homologous chromosomes pair	
· [as they pair they are held together by a protein  framework called the synaptonemal complex]
· 2-then regions of homologous chromatids H.C. exchange segment. [producing new combinations of alleles]
· 3- when the exchange is complete toward the end of prophase 1 the H.C disassembles and disappears. 
· following meiosis 1 and 2 to the end you will notice that each of the resulting 4 nuclei receive 1 of the 4 chromatids 
· 2 nuclei get unchanged parental chromatids 
· other 2 get chromatids with new combination of alleles  which are called recombinants
· physical effect of recombination can be seen later in prophase 1
· regions in which nonsister chromatids cross one another called crossover or chiasmata  
· because of the shape produced the recombination process is also called crossing-over
· illustration of recombination shown chromosome paired side by side with only the closest chromatids participation in recombination 
· but that is not the fact chromosomes actually are paired one on top of the other so that any 2 of the 4 chromatids can participate in a given recombination event 
· recombination takes place randomly [at any position in the chromosome arm].

Random Segregation 

· the origins of  maternal and paternal chromosomes is the 2 major source of genetic variability in meiosis
· During prometaphase 1, spindle microtubules make connection to kinetochores
· for each homologous pair
· 1- chromosome makes spindle connection leading to 1 pole 
· 2- chromosome connects to the opposite pole in a random choice
· summing up maternal chromosomes may connect to 1 pole & paternal chromosomes may connect to the opposite pole
· then random combination of maternal and paternal chromosomes will be segregated to given spindle pole 
· # of possible random combination depends on the # of chromosomes pairs in a species
· random partitioning of maternal and paternal chromosomes is responsible for the independent assortment of the alleles of 2 genes in Mendel’s experiment with garden peas.

Alternative Combinations  At Meiosis 2

· cells in metaphase 2 one could see that the chromosomes are still replicating and each chromosomes carries 1 recombinant chromatid and 1 nonrecombinant chromatid [resulting from a  recombination in prophase 1]
· therefore the chromosomes have aligned at metaphase 2 with both recombinant chromatids attached to the same spindle pole
· {attachments of spindle to kinetochores is random}
· it is likely that the chromosome have lined up with the smaller chromosome  sending its recombinant chromatids to the poles and the larger chromosome sending its recombinant chromatid to the opposite pole
· resulting daughter cells will be genetically different depending on how the chromosome align in metaphase 2.

Random Fertilization 

· the haploid products of meiosis are diverse
· random combination of the cells during fertilization is a matter of chance that amplifies variability of sexual reproduction
· variability introduced by recombination and shuffling at meiosis 2 make it impossible for humans and most sexually reproducing organisms to produce genetically identical gametes or offsprings
· exception identical twins or triplets
· they arise from mitotic division of a single fertilized egg into separate cells that give rise to genetically identical individuals 
· meiosis has 3 outcomes which are IMP to sexual reproduction
· 1- reduces the chromosomes to the haploid # so that they can be brought together with those of another individual without doubling the usual chromosome # during fertilization 
· 2- through genetic recombination and 3-random separation of maternal and paternal chromosomes meiosis produces genetic variability in gametes further variability is provided by the random combination of gametes in fertilization 

