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Chromosomes and Inheritance 

· Resistance remained about Mendel’s laws of segregation and independent assortment until evidence had mounted that they had a physical basis in the behavior of chromosomes 
· Mendel’s hereditary factors are the genes located on chromosomes
· Cytologists and geneticist began to see parallels between what the chromosomes were doing and what Mendel’s factors were doing
· Chromosomes are genes are both present in pairs in diploid cells
· Homologous chromosomes separate and alleles segregate during meiosis
· Fertilization restores the paired condition for both chromosomes and genes 
· Thomas Morgan 
· First to associate a specific gene with a specific chromosomes 
· Faced a problem: at that time they had to look for variant individuals among the flies he was breeding
· He discovered a single male fly with white eyes instead of the usual red
· The normal character phenotype is the wild type
· He crossed his white eyed male with a red eyed female, all the F1 offspring had red eyes, red appeared dominant to the white
· Crossed between f1 offspring produced 3:1 phenotypic ratio in the F2 offspring
· The white eyed trait appeared only in males
· Concluded that a flies eye color was linked to its sex 
· Linkage
· Linked genes tend to be inherited together because they are located on the same chromosome
· Each chromosome has hundreds or thousands of genes
· Genes located on the same chromosome, linked genes, tend to be inherited together because the chromosome is passed along as a unit
· Results of crosses with linked genes deviate from those expected according to independent assortment 
· Morgan observed linkage and its deviations when he followed the inheritance of characters for body color and wing size 
· The wild type body color is gray and mutant black
· According to independent assortment, this should produce 4 phenotypes in 1:1:1:1 ratio
· Surprisingly Morgan observed a large number of wild type and double mutant 
· The production of offspring with new combinations of traits inherited from two parents is genetic recombination
· Can result from independent assortment of genes located on non-homologous chromosomes or crossing over of homologous chromosomes
· In Mendel’s experiment, he produced some offspring that had a combination of traits that did not match either parent in the P generation
· If the p generation consists of yellow round parent, crossed with a green wrinkled seed parent, all f1 have yellow round seeds
· A 50% frequency of recombination is observed for any two genes located on different (non-homologous) chromosomes
· The physical basis of recombination between unlinked genes is the random orientation of homologous chromosomes at metaphase 1
· Linked genes however tend to move together through meiosis and fertilization. Under Mendelian we would not expect linked genes to recombine into assortments of alleles not found in the parents 

· The results of Morgan's test cross didn’t conform to either independent assortment or complete linkage
· Under independent assortment the test cross should produce a 1:1:1:1 phenotypic ratio
· If completely linked, we should expect to see a 1:1:0:0 ratio with only parental phenotypes among offspring
· Most offspring had parental phenotypes, suggesting linkage between the genes
· However 10% were recombinations suggesting incomplete linkage
· Geneticists can use recombination data to map a chromosomes genetic loci
· Crossing over of linked genes develop a method for constructing a chromosome map
· This map is an ordered list of the genetic loci along a particular chromosome 
· The frequency of recombination reflects the distances between the genes on a chromosome 
· The farther apart two genes are, the higher the probability that a crossover will occur between them and therefore a higher recombination frequency 
· Recombination frequencies from fruit fly crosses to map the relative position of genes along chromosomes, a linkage map 
· The three recombination frequencies in our mapping example are not quite additive
· This is because of multiple crossing over events
· Some genes on a chromosome are so far apart there has to be a cross over event
· [bookmark: _GoBack]The frequencies of recombination reaches is its maximum value of 50% and the genes act as if found on separate chromosomes and are inherited independently 
· Linkage group- a number of chromosomes that are linked together 
· A linkage map provides an imperfect picture of a chromosome
· Map units indicate relative distance and order, not precise locations of genes
· The frequency of crossing over is no actually uniform over the length of a chromosome
· Combined with other methods like chromosomal banding, geneticists can develop cytological maps
· These indicated the positions of genes with respect to chromosomal 
· The Chromosomal basis of sex varies with the organism 
· Although the anatomical and physiological differences between women and men are numerous, the chromosomal basis of sex is rather simple
· In human and other mammals, there are two varieties of sex chromosomes, x and y
· An individual who inherits two x chromosomes usual develops as a female
· An individual who inherits an x and a y usually develops as a male
· The XY system of mammals isn’t the only chromosomal mechanism of determining sex
· Other options include X-0 system, the ZW system and the haplo-diploid system 
· The XY chromosomes behave as if they are homologous chromosomes during meiosis 
· In reality they are only partially homologous and rarely undergo crossing over
· In both testes (XY) and ovaries (XX), the two sex chromosomes segregate during meiosis and each gamete receives one. 
· Each egg receives an X chromosome.
· Half the sperm receive an X chromosome and half receive a Y chromosome. 
· Because of this, each conception has about a fifty-fifty chance of producing a particular sex.
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