Chapter 15:  Chromosomal Basis of Inheritance

Thomas Hunt Morgan (Discovery of Sex-Linkage)

· The first to provide experimental evidence that Mendel’s inheretable factors are loicated on chromosomes

· Used Drosophila Melanogaster
· Genetic Symbols::

· If mutant is recessive, first letter is lower case ( w = white eye)

· If mutant is dominant, first letter is capital (Cy = curly wings)

· Wild- Type is designated by a superscript (Cy+ = straight, normal wings)

· Wild- Type = normal or most frequently observed phenotype

· Mutant phenotypes = alternatives to wild-type due to mutations in wild- type gene

· Discovery of Sex- linkage – Morgen discovered a white eyed male fly in his wild- type breeding population (red eyed). He mated this fly with a red eye female

P           w+w+                 X                       w


(red-eyed female)                      (white- eyed male)              

F1        w+w                     X                     w+

          (red-eyed female)                          (red-eyed male)          

F2        w+w+                                   w+w

         (Red- eyed female)       (Red- eyed female)

            w+                              w         

        (Red- eyed male)           (White-eyed male)

· Deduced that eye color is linked to sex and the gene is on the X chromosome. Discovery of sex- linked genes located on the sex chromosomes.

· Linked genes tend to be inherited together- genes that are located on the same chromosome, they do not sort independently because they are on the same chromosome.

· Morgan preformed a dihybrid testcross between flies with autosomal recessive mutant alleles for black bodies & vestigial wings and wild- type flies heterozygous for both traits.

            b =  black body                  vg = vestigial wings

            b+  = gray body                  vg + wild- type wings

     Cross:    b+bvg+vg        x         bbvgvg

                  (gray, normal)          (black, vestigial)

What ratio of offspring did Morgan expect to get from this cross if there were 2300 offspring?

	Genotype
	b+bvg+vg
	bbvgvg 
	b+bvgvg 
	bbvg+vg

	Phenotype
	Wild- type
	Black, vestigial
	Gray, vestigial
	Black, normal

	Expected
	575
	575
	575
	575

	Observed
	965
	944
	206
	185


Genetic recombination- the production of offspring with new combinations of traits different from those combinations found in the parents; results from the events of meiosis and random fertilization

· Parental types = progeny same as parents

· Recombinants= progeny different from parents

If receive 50% recombinants from a testcross of heterozytoes than the genes are on different chromosomes. 

Go back to Morgan’s Cross

	Phenotype
	Genotype
	Expected results if unlinked
	Expected results if totally linked
	Actual results
	Recombinantion frequenct:

  391recombinants

2300 offspring

Ans x 100 = 17%

	Black,

normal
	bbvg+vg
	575
	
	206
	

	Gray,

 normal
	b+bvg+vg
	575
	1150
	965
	

	Black, vestigial
	bbvgvg
	575
	1150
	944
	

	Gray vestigial
	b+bvgvg
	575
	
	185
	


Since 17% of the progeny were recombinants, the linkage must be incomplete. Today, we know that this results from crossing over in meiosis.

Can use this type of data to map a chromosome’s gene loci.

Ex.    Frequency between b and vg loci is 17%

         Recombination frequency is only 9% between b and cn (cn a thirs gene locus on the same chromosome for cinnabar eyes) and only 9.5 between cn and vg
A. H. Strutevant (one of Mendel;s students) defined that one pau unit as 1% recombination frequency (now sometimes called centimorgans)

Construct a map for these three gene loci.

             _____________________
1.        b         17 map units              vg                                   Overall Map:
             ____________                                ​​​​​​​​​​​​​___________________________

2.       cn          9             b                            b           9            cn        9.5           vg

            ______________                                                   17 map units                             

3.     cn           9.5            vg       

Cytological maps locate genes with respect to chromosomal features. Ultimately we would want to construct maps with DNA sequences.

B. Sex Chromosomes – X and Y

·   Sex- linked traits are usually x- linked, those traits on the Y chromosomes are male only traits

· Females can be carriers, while males are hemizygous

· Examples: colorblindness, Duchenne muscular dystrophy, hemophelia

How does an organism compensate for having 2 X genes? Inactivate and X

· Barr body- and inactivated X chromosome where the genes are usually not expressed
· Recently discovered that X chromosome is inactivated by methlation of the DNA, where a CH3 group is attached rto a cytosine
· XIST gene only active in a Barr body (X- inactive specific transcript)

C. Errors and Exceptions

1. Alter the chromosome number- usually results from nondisjunction- meiotic or mitotic error during which sister chromatids fail to separate

i. Aneuploidy- having abnormal number of a certain chromosome, trisomic (3 copies) or monosomic (1 copy)

ii. Polyploidy- more than 2 complete sets of chromosomes, triploidy (3N) and tetraploidy (4N), common in plants, but rare in animals.

        Human disorders due to altered chromosome number: 

A. autosomal- usually so disasterous to development that embryos are spontaneously aborted long before birth

a. down syndrom- trisomy 21

b. Patau syndrome- trisomy 13

c. Edwards syndrome- trisomy 18

B. Sex chromosome- aneuploids are less severe (because Y carries few genes and X  are inactivated by barr bodies)

a. Klkienfelter syndrome- XXY (can also be XXYY, XXXY, XXXXY)

b. Turner syndrome- XO, only known variable monosomy.

2. Alter the chromosome structure- during crossing over

i. Deletion-  removal of a chromosomal segment

ii. Duplication- repeats a segment

iii. Inversion- reverse a segment within a chromosome

iv. Translocation- moves a segment from one chromosome to another, nonhomologous one

    Human Disorders due to structural alterations

A. Cri du chat- deletion of chromosome 5

B. Chronic myelogenous leukemia (CML)- translocation of portion of chromosome 22 and 9

C. Prader-Willi syndrome and Angleman syndrome- result from same deletion on chromosome 15, but which syndrome is expresses depends on if the inherited chromosome was maternal or paternal. If deletion is on paternal chromosome, then Prader-Willi, if on maternal chromosome than Angleman. Results from Genomic Imprinting- produces intrinsic changes in chromosomes inherited from males and females.
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