
Chapter 21: Genes Within Populations 

I. Most Organisms Have Different Genetic Compositions


A. Evolution Is Dependent on 

 in Environment




1. 



evolution of new species from old species








a. Changes occurring over long periods of time




2. 



Evolutionary changes within species





a. 



 for certain characteristics





b. Characteristics favor increased 




3. Adaptation is the result of n




4. Evolution is a progressive series of adaptive changes brought about by natural 



        selection, which when accumulated, result in the creation of

B. Lamarck – Inheritance of Acquired traits -  individuals passed on to offspring body and 

        Behavior changes acquired during their lives

II. Gene Frequencies In Nature


A. 




 Is the Raw Material for Selection



1. Over 30 blood group genes and ABO system





a. 1/3 have several alternate allelic forms





b. 45 genes encode other proteins in blood and plasma




2. Measure protein migration via electrophoresis





a. 5% of enzyme loci in humans are heterozygous




3. Enzyme polymorphism





a. Locus with more variation than can be explained by 





b. Modern study based on techniques like electrophoresis





c. Insect and plantspolymorphic at over 

 of loci





d. heterozygosity – 15% in drosophila, 5-8% on vertebrates, 8% in outcrossing

                          plants






1) high rate of variability






2) raw material of evolution
III. Population Genetics


A. Study of the Properties of Genes Within Populations




1. Explains behavior of alleles in populations




2. Evolution results from changes in 


B. The Hardy-Weinberg Principle




1. Genetic variation in populations puzzled Darwin and contemporaries




2. Selection should always favor an 


C. Basis of Hardy-Weinberg equilibrium




1. Characteristics





a.





b.





c.





d





e.




2.


 of population in equilibrium



3. Mathematical basis: binomial expansion of algebraic equation





a. Frequency = specific case/total number of individuals





b. (p + q)2 = p2 + 2pq + q2





c. Frequency of A allele = p





d. Frequency of a allele = q





e. p + q = 1



4. Example: coat color in cats





a. Initial counts: black (BB or Bb) = 64; white (bb) = 16





b. Frequency of bb: q2 =  





c. Frequency of b: q = 





d. Since 1 = p + q ; frequency of B: p = 





e. Frequency of Bb: 2pq = 2 x





f. Frequency of BB: p2 = 





g. Genetic reassortment during 


 fig 20.1





h. Random mating, alleles B and b randomly mixed





i. Individual chance to get B allele =





j. Individual chance to get b allele = 





k. Chance for BB: 





l. Chance for bb:





m. Chance for Bb: 




5. Example: cystic fibrosis in North Americans of Caucasian descent





a. Frequency of allele: 22 per 1000 = 0.022 = q





b. Proportion affected: 0.00048 = 1 per 2000





c. Dominant allele frequency: p = 1 - 0.022 = 0.978





d. Calculate carriers: 2pq = 0.043 = 43 per 1000



D. Why Do Allele Frequencies Change?




1. Hardy-Weinberg Predicts Consistency





a. Large, randomly mating population





b. Used as baseline to measure changes





c. 


: likelihood of individual being heterozygous at locus





d. Factors that affect equilibrium






1.






2. 






3.






4. 






5.



E. Five agents of Evolutionary Change




1. Mutation





a. Change from one 





b. Alters proportion of alleles in 





c. Generally low rate with slow accumulation of mutations




2. Gene flow





a. 



: movement of genes between populations






1. Via migration






2. Via hybridization between adjacent population








b. Subtle movements of drifting immature stages or gametes of plants or 

                          marine animals






1. seed or pollen




3. Genetic Drift-





a. Appears to be random, drifting event





b. Small, isolated populations become 





c. May be major factor in 





d. Founder principle-



e. In the Source population it may be a rare allele, but it may be significant in 


   the new population



f. Important factor in 






 




1. Bottle neck effect





a. Populations greatly reduced in 





b. Surviving individuals represent a random genetic sample of the






1) loss of genetic variability




2. Example: current cheetah population


    4. Nonrandom Mating



a. 


: mating with relatives



b. Increases proportion of 



c. Promotes occurrence of 



d. Increases likelihood of 



     



e. Rare in US, more common in Japan




1. 


: mating with nonrelatives




2. Plants breed with individuals other than self




3. Have higher proportion of 



      


   5. Selection



a. conditions necessary for natural selection to occur




1. variation among individuals in a population




2. individual variation results in differences in the number of offspring

                                     that survive to the next generation




3. variation must be inherited



b. natural selection is a process, evolution is the outcome


c. selection to avoid predators



1. genetic changes that decrease the probability of capture





a. common sulfur butterfly is dull green to blend in with alfalfa





b. bright blue morph is low in numbers due to visibility



d. selection to match climatic conditions



1. enzyme allele frequencies vary latitudinally – temperature dependent 





a. common north allele





b. frequency decreases as one moves south 



e. selection for pesticide resistance



1.use of pesticides lead to rapid evolution of resistance for 300 species





a. pen gene in houseflies – decreases uptake





b. kdr decreases binding





c. others enhance detox ability




2. some single amino acid substitutions confer resistance

    F. Fitness


1. reproductive success, number of offspring surviving to the next generation


a. components of fitness




1. success attracting mates – in territorial animals – large males




2. number of offspring per mating



b. combination of survival, mating success, and offspring per mating

    G. Interaction among evolutionary forces


1. drift may decrease the frequency of a favored allele


2. drift may lead to the loss of a favored alleel


3. gene flow can be constructive or constraining


a. spreading a beneficial mutation



b. impede adaptation by importing inferior alleles


4. example – bent grass



a. can tolerate heavy metal



b. the resistance allele has a slower growth rate on non polluted soil



c. resistance allele occurs at intermediate levels in many areas


5. in species were gene flow is strong (birds and wind pollinated plants) the 

               frequency of the less favored allele may be high



a. opposite in sedentary species
   H. Natural Selection can maintain variation


1. frequency dependent selection – phenotype fitness depends on population

               frequency



a. negative favors rare phenotypes



b. predators form a search image of a common phenotype, protecting the

                          rare phenotype



c. another cause is resource competition


2. positive favors common forms eliminating variation


3. Oscillating selection – favors one type at one time and another phenotype at

               another time



a. maintains variation



b. fitness phenotype depends on environmental change


4. Heterozygous advantage



a favors individuals with copies of both alleles



b. may explain high levels of polymorphisms in natural populations



1) sickle cell heterozygotes are resistant to malaria




2) spleen filters out parasite cells




3) increases female fertility




4) selection is acting to eliminate the allele in generations removed

                                     from central Africa

IV. Selection can act on traits affected by many genes

      A. Forms of Selection 


1. Directional selection



a. Eliminates one 

 from array of phenotypes  



b. Decreases frequency of promoting 



c. Example: Drosophila 


2. Stabilizing selection



a. Eliminates both

 from array of phenotypes  



b. Increases frequency of intermediate, already the most 





     common



c. Prevents change away from 



d. Example: human infant birth weight 


3. Disruptive selection



a. Eliminates 


 type 



b. Partitions population into 



c. Example: color patterns of African butterfly

    B. Selection color in guppies


1. in high predation pools male colors are drab, reproduction is early and adult size

               is small


2. opposite in low predation pools


3. established that predation can lead to rapid evolution

    C. Selection limits


1. genes have multiple effects


a. large clutch size leads to thin egg shells


2. evolution requires genetic variation



a. in thoroughbred horses intense selection has removed variation at a rate

                          faster than it could be replaced so no variation remains


3. gene interactions affect fitness of alleles



a. because of epistasis the selective advantage of an allele at one gene may

                          vary among genotypes



b. outcome of natural selection on one gene depends on which alleles are

                          present at the second gene

IV. Which Force Is the Most Important in Evolution?

   A. All five forces cause genetic variation in populations

   B. Individual alleles make varying contributions to fitness

   
1. Difficult to ascertain precise role of individual allele 

   C. Only selection produces adaptive evolutionary change
   D. Other four are random in direction and essentially neutral


