Genetics Lecture 3
Mendelian Genetics
We’ll start with how “traits” are passed on – later we’ll examine how genes result in traits
a gene is a segment of DNA that can result in a “trait”

allele – a version of a gene


some genes have only two alleles, most have more


example: gene for eye color; alleles for blue, green, brown, etc.

We’ll use diploid organisms as our model


diploid orgs have how many different alleles for each gene? (mom & dad)


*heterozygous vs. homozygous


dominant & recessive alleles (A, a)

genotype & phenotype – examples 
You have more knowledge about genes than Mendel did when he began his experiments


he only knew that offspring often resembled parents – it was believed to be a blending

Gregor Mendel – Augustinian monk (1860s)


breeding experiments with peas – self-pollinating can make true breeders


removing anthers can control pollination


7 traits:  seed shape, seed color, flower color, pod shape, pod color, flower position, plant structure



all traits have two alternatives


seed shape R=round, r=wrinkled; seed color Y=yellow, y=green; flower color P=purple, p=white; 


pod shape I=inflated, i=constricted; pod color G=green, g=yellow; flower position A=axial, a=terminal; 


plant structure T=tall, t=dwarf

P, F1, F2, etc. generations


Mendel’s principle of segregation:  each gamete gets one of two possible alleles from each parent (50%)



*Meiosis review

*using Punnett squares – set up gametes on sides (segregation)


genotype frequencies


phenotype frequencies


only 6 possible crosses when two alleles:  AAxAA, AAxaa, AAxAa, AaxAa, Aaxaa, aaxaa
Mendel used true-breeders (homozygous after many generations of selfing) and test crosses


P:  RR x rr
F1:  Rr x Rr (self-fertilization)
F2? 1:2:1

So we know from these crosses that the alleles segregate in meiosis and combine randomly in fertilization


what happens to combinations of genes?

dihybrid crosses – two loci at one time

*Independent Assortment? – meiosis, crossing over

all gamete possibilities – four for each parent


practice! – P: AABB x aabb, F1: AaBb x AaBb, Aabb x aaBb

two hets = 9:3:3:1 phenotypic 

trihybrid and beyond


*squares too cumbersome, forked-line method (similar to dichotomous key)



rules of probability, multiplicative; fractions and percents

*What if you get a deviation from the expected?  linked genes don’t assort independently
How do we know if we have a deviation from the expected frequencies?
Comparing results to theoretical values – Chi-Square Analysis


observed values, expected values


2 = (O-E)2/E


df = # phenotypes – 1 


probability that variation from expected is due to sampling error ()


practice:  dihybrid cross with heterozygotes for seed color and shape




YyRr X YyRr

556 total, 9:3:3:1 – find expected




Phenotype

Observed

Expected




yellow, round

315


312.75




yellow, wrinkled
101


104.25




green, round

108


104.25




green, wrinkled
32


34.75

0.47, 3df, probability that the variation from expected is due only to chance is between 90 and 95%
usually needs to be at 5% or below to be considered significant


dihybrid cross with heterozygotes for flower color and pollen grain shape (long vs. round)




PpLl X PpLl

427 total, 9:3:3:1 – find expected




Phenotype

Observed

Expected




purple, long

296


240.19




purple, round   
19


80.06




white, long

27


80.06




white, round    
85


26.69

222.12, 3df, p<0.005
why? possibly gene linkage – more purple long and white round than expected


p and l alleles likely on same chromosome
Punnett squares can be used to predict results from matings of known genotypes, but we often want to determine genotypes from ancestry and phenotypes

pedigree analysis – works on same principles of segregation of alleles and random union of gametes

*Pedigrees are used to work backwards


cues that the trait is dominant:  appears in every generation






unaffected individuals do not have affected offspring





a heterozygote parent has ½ chance of having affected offspring






often disorder is more severe in homozygous


cues that the trait is recessive:  appears in alternate generations or skips generations




unaffected individuals can have affected offspring (but be careful of new mutations)




two carrier parents have ¼ chance of having affected offspring

However, these are only cues.  To identify a trait as certainly dominant or recessive, you must look at specific matings where offspring show different phenotypes than the parents.

























