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[image: ]Lecture 35: Dihybrid cross, sex linkage, Co-dominate traits, Human Genetics
Dihybrid Cross: How do two different traits (color and shape) segregate?
Unlinked: Genes exist on different chromosomes (left side of page)
Linked: Genes exist on the same chromosome (right side of page)

Outcome of the first cross (F1) is the same, regardless of the linkage.








What are the dominant alleles for each trait?

Color:

Shape:


Outcome of the F1 x F1 will differ for unlinked (left) and linked (right):
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Mendel observed:












Summary of Rules:
1. For one allelic pair, the alleles segregate equally into the gametes (50:50).
2. For unlinked genes, the segregation of one pair of alleles does not affect the other pair
3. Linked genes will segregate together.  Crossing over can introduce new combinations of phenotypes.
Sex Linked Traits:
· Alleles usually found on the X-chromosome only – why?
· Observe different outcome in reciprocal crosses of homozygous parents.
Reciprocal cross – do two crosses, reversing the phenotypes of males and females.
· For genes on autosomal chromosomes the result is the same for both crosses and there is no dependence of the phenotype on the sex of the offspring→

Consider the following cross between fruit flies with different eye color:
[image: Picture1]    [image: Picture1]
red eyes ♀  x  white eye  ♂

F1 all red
F2 ¾ red, ¼ white 
(However, all the white flies were male (♂) and the red flies were a mixture of male and female)

What is the dominant phenotype? Allele symbols?
Reciprocal cross:
white eyes ♀  x  red eye  ♂
	F1	all female flies are red, all male flies are white
F2 	50% red, 50% white
These data cannot be explained by the model we used for autosomal chromosomes. let’s assume that the gene is found on the X-chromosome and is not present on the Y chromosome.
First cross: The starting genotypes are:  XRXR (♀)   and   XrY (♂)
                              eggs: XR	sperm:  Xr   or  Y
F1:   female flies: XR Xr     male flies:  XR  Y	
F2:
XRXR 

[bookmark: _GoBack]XRY   

XrXR  
 
XrY  
Second cross: The starting genotypes are:  XrXr(♀) × XR Y(♂)
                              eggs: Xr	sperm:  XR   or  Y
F1:  female flies:  XRXr	 male flies:  XrY
F2: 
XRXr

XRY

XrXr

XrY
[image: ]Codominance - phenotype of both alleles is observed.
Blood Types: Red blood cells are glycosylated, both on the lipids and the proteins. The enzyme that attaches the terminal sugar comes in three different alleles
IA – sugar A is attached
IB-  sugar B is attached
i – no sugar is attached.
Individuals inherit one allele from their mother and one from their father. Both alleles are expressed.  Possible genotypes are shown on the right.

[image: http://o.quizlet.com/MgG67OMBmLQW3TJXUhWJTQ.png]Blood Transfusions:
· These carbohydrates are antigens and can be recognized by antibodies.
· You don’t make antibodies against your own blood group antigens.
· You have, almost from birth, pre-existing antibodies against the other blood types – these were made in response to common bacterial infections that produced antibodies that also recognize blood group antigens.  The bacteria have similar carbohydrates.
· Incompatible transfusions occur when incoming (transfused) red blood cells encounter antibodies to their glycoproteins in the recipient, causing clumping of the incoming cells which leads to blockage of the blood vessels.
· Acceptable blood donors must not have antigens on the surface of their red cells that would interact with the preexisting antibodies present in the serum of the recipient.
	Genotype
	Phenotype (Blood type)
	Ab present
	Possible Donors

	ii
	
	
	

	IAi  or IAIA
	
	
	

	IBi or IBIB
	
	
	

	IAIB 
	
	
	












[image: http://intranet.tdmu.edu.ua/data/kafedra/internal/micbio/classes_stud/en/med/lik/ptn/Microbiology,%20virology%20and%20immunology/2/08_Specific%20prophylaxis%20and%20treatment%20of%20infectious%20diseases.files/image037.jpg]Rh Factor – Another important blood group antigen. 
· Two alleles are Rh- and Rh+.
· An Rh- mother can produce anti-Rh antibodies, but does not normally make them because she is not exposed to the antigen until she carries an Rh+ child.
· 1st child is Rh+ - mother is exposed to Rh protein during delivery, makes antibodies. This child is not affected since they have been born before the mother could make antibodies.
· 2nd child is Rh+ - antibodies from mother cross placenta, destroy red blood cells of fetus, causing anemia.



Human Genetics:
· Cannot do well controlled crosses (Mendel had pea plants)
· Genotypes are generally unknown (Mendel had homozygous, pure breeding, lines).
· Small number of progeny → poor statistics (Mendel counted thousands of peas).
Goals:
1. Can we predict the pattern of inheritance?
2. Given a pattern of inheritance, can we deduce the most likely cause of the disease?
Pedigrees:
· Circles – female, ½ filled circle  – carrier female
· Squares – male, ½ filled square – carrier male
· Filled = presence of the disease.
· F1 – first filial generation
· F2 – second filial generation
Analyzing Pedigrees: Assume recessive allele is relatively rare, heterozygotes are more likely.
1. Autosomal Dominant - Males and females equally affected.
· Affected people will have at least one affected parent.
· No affected children are born to unaffected parents
· Mating of an affected individual with a normal person will usually produce 50% affected children.

[image: ]
[image: http://barnesjewishblog.org/wp-content/uploads/2012/03/screenhunter_02-mar-21-10-43.jpg?w=300]E.g. Marfan syndrome – error in a gene that codes for connective protein. One of many symptoms are long limbs.  Serious complications can arise from this disease. 
Autosomal Recessive - Males and females equally affected.
· Can have unaffected parents (skip a generation)
· [image: Normal hemoglobin in normal red blood cell and clumped hemoglobin in
    sickle-shaped red blood cell]Mating of affected individuals with a normal person will usually produce all normal offspring (rare allele)
· If both parents are affected, all of their children will be affected.
E.g. Sickle Cell Anemia.
· Mutation in hemoglobin, Glu6 (Hb) to Val6 (Hbs) causes hemoglobin to form polymers (clumped)  when deoxygenated. 
· Presence of one copy of normal gene greatly reduces polymer formation (therefore Hbs is recessive).
· [image: http://upload.wikimedia.org/wikipedia/commons/thumb/a/ac/Sickle_cell_01.jpg/230px-Sickle_cell_01.jpg][image: ]
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