Genetics Lecture 4
Extensions of Mendelian Genetics
Most traits aren’t so simple – Many genes don’t have simple dominant-recessive relationships

Incomplete Dominance (or Partial)

quantity matters – heterozygotes have a phenotype intermediate to the homozygotes


similar to doses, one allele codes for one type, one for another, amount of each matters


common in flower colors – one red + one white = pink, chickens, black, white, gray-blue

not designated by capital and lowercase letters, but by superscripts R1R2
Codominance


expression of two different phenotypes – not blending, but two distinct expressions

human blood groups


three alleles at the ABO locus



*2 code for an enzyme that adds a sixth sugar to the glycolipid on blood cell surfaces




but, the enzymes they code for are different  IA, IB


1 doesn’t code for any enzyme and leaves the glycolipid with only 5 sugars i

homozygotes have either 5 sugars, or one of the two sixth sugars


what about heterozygotes?  If either A or B pairs with O, which result? – O is recessive


but what about A & B?  both enzymes produced, both sugars present
Multiple Alleles


blood groups start to introduce us to the idea that we don’t often have just two alleles


eye color in Drosophila, >100 alleles resulting in different pigment levels



leaky recessives



*dominance series – coat color in rabbits




C=brown-gray dominant over all other alleles




cch=gray, dominant over other three




ch=white, dominant over last




c=albino, no pigments produced



as seen with blood type, interactions between can be different

Polygenic traits 

sometimes traits are the result of two or more loci working together

*chicken combs – R & P genes, each has two alleles R,r & P,p


4 phenotypes, dominant at both genes = walnut comb, recessive at both = single




dominant at R, recessive at P = rose; d at P, r at R = pea



Can each of these phenotypes be true breeders?



If you cross a true breeding walnut with a true breeding single, what is the offspring?




What about the F2 generation? 9:3:3:1, just like a dihybrid cross – can’t be a single gene




only one trait though!


*(web with rabbit color combos)
Epistasis – Gene x Gene interactions


different from the polygenic example just used because:



one gene interferes with the action of another


no new phenotypes produced – still just have two or three phenotypes for one trait

how?  many enzymes involved in most biochemical pathways

*back to blood groups – Bombay effect 

*Complementary Gene Action (called Duplicate Recessive Epistasis in book)


two loci, both have to be functional to produce a pigment



being homozygous at either locus means no pigment – AaBb x AaBb – what ratio? 9:7




*cause:  biochemical pathway that produces trait (often pigment) involves two enzymes, 





each coded for by a different gene


*Duplicate Gene Action (called Duplicate Dominant Epistatis in book)


two loci that, either needs to be functional



as long as there is one dominant allele out of the four, trait expressed:  15:1



*spring wheat vs. winter wheat (1) (does it need to freeze before germination?)



genes: VRN1 & VRN2 (vernalization)


*Suppression (called Recessive Epistasis in book)


activity at one locus determines if another locus is expressed



*albinism – aa at this locus prevents any pigment formation regardless of alleles for melanin 




production



dominant – eye color
Pleiotropy


purple pigments in peas – flower color & seed coat spotting


PKU – can’t break down phenylalanine, mental retardation, light hair, exzema, odor


*Sickle Cell Anemia

Penetrance & Expressivity


genotypes that aren’t expressed as phenotypes are non-penetrant



% penetrance, % of individuals with the genotype that show the phenotype



ex: Bombay effect . . . people with A or B genes don’t show trait


expressivity – degree of expression, variable expressivity, how severe or strong the trait is

traits can be both partially penetrant and variably expressive


could be epistasis – genetic background (Bombay effect)

often due to environmental interactions


*temperature: ch in rabbits, colder areas gene is expressed and fur is black



polydactyly – both penetrance & expressivity


nutrition: height in humans



cancer – development of can be affected by diet, exercise, exposure to chemicals, etc.

Epistasis, Penetrance, variable Expressivity, Pleiotropy – all make it difficult to follow inheritance of genes from only studying phenotypes


DNA markers are not subject to these effects and better than pedigrees for many traits
Lethal Alleles


mutant allele that eliminates a function necessary for survival


usually recessive, can’t eliminate from population, heterozygotes



obvious in crosses when one class dies, instead of 1:2:1, 1:2 only




ex:  two color types in a lizard:  yellow & green




when yellow and green individuals are crossed, you get ½ yellow, ½ green





(what’s expected with heterozygote x homozygous recessive)




when two greens are crossed, you get all greens (suggests green is recessive)




when two yellows crossed, you always get 2 yellow and 1 green


occasional dominant lethal, only sticks around if late acting



Huntington disease – abnormal proteins made that clump together
























