California Science Project

Day 7 July 17, 2001

Outline

I. Review any questions on the Cell?

II. Genetics vocabulary

III. Evolution


A. Definition


B. History and Darwin and Wallace


C. Three main lines of evidence


D. Phenotypic variation


E. Gene frequency


F. Natural processes of evolution


G. Speciation

III. Activity 


A. Natural Selection



1. Excel graphing


B. Other ideas of ways to demonstrate evolution?



1. Work in groups



2. What difficulties do you have in teaching evolution if any?

IV. Video: Secret of Life


A. Part two


B. How and when to use videos?

V. Molecular Evolution


A. Genomes


B. Gene histories


C. Why study?

VI. Lesson Plan implementation


A. Dr. Norm Herr will present

Standards: 

	Gr. 7 #3 a-e

	Gr. 9-12 Bio

	#7 a-d, #8 a-g


Need to bring:


Computer


Handouts


Activity supplies



Material



Timers



Paper punches



Petri dishes



Colored pens



Tweezers


Overheads


Bottleneck demo


LCD projector

I. Any questions about yesterdays lecture?

II. Genetics vocabulary


A. A gene is the basic unit of heredity. Contains the information for making one RNA 



and in most cases one polypeptide.




B.. We now call each alternative form of a gene that produces a specific 






characteristic, an allele.

C. The genotype of an organism is the genetic make-up of that organism 






and is represented by letters (e.g., TT or Tt).  Note that genotypes for 






diploid organisms always possess 2 alleles for each gene and therefore 






the genotype is represented with 2 letters.  Capital letters are given for 






dominant traits (e.g., tall=T) and small letters are given for recessive 






traits (e.g., short = t).


D. The phenotype of an organism is the observable trait or outward 






appearance of an organism and is represented by descriptive words 






(e.g., tall or short).


E. When both copies of the alleles are the same, the organism is 


homozygous for that gene (e.g., TT or tt). 


F. When both copies of the alleles are different, then the organism is 


heterozygous for that gene (e.g., Tt).

III. Evolution is the process of change through time. The enormous amount of diversity we see today in living organisms is linked through the process of evolution. Variation 


within populations has allowed for the gradual accumulation of change over time. All 


living organisms share common ancestors in their history. 


A. Charles Darwin and Alfred Russel Wallace independently proposed the theory of 



natural selection. This theory outlined how natural selection was the driving 



force behind evolution and is the foundation for evolutionary thought today. 



brought to the forefront when Darwin published On the Origins of Species by 



Means of Natural Selection in 1859.  



Both Wallace and Darwin observed the following in natural populations:



1. Parental organisms have offspring that are similar to them. 



2. Many populations have the potential to increase rapidly. (A mouse in 




California of the same species as a mouse in Texas is not considered to be in 




the same population because they do not have a chance of mating and 




reproducing.)




a. Individuals within a population often have more offspring than will 




simply replace the parents. 

3. Over time, populations do not increase in size.  Generally, the size along 




with their resources remain fairly constant over time .  


4. Variation among individuals within a population exists and is inherited from 




the parents.  In other words, offspring tend to look similar to their parents.




a. This genetic variation (at least in part) contributes to an individual’sability 





to survive and reproduce and can change the genetic make-up of the entire 





population over time.





i. Darwin did not know about genetics at the time but with the rediscovery 





of Mendel’s work in the early 1900’s it made this observation very clear



5. Individuals within a population have different fitness. Fitness is defined as the 




ability to produce living offspring. 




a. Individuals that survive and reproduce leaving the most offspring are 





considered to be the most fit or well adapted to their environment. This 





“survival of the fittest” is known as natural selection. Darwin is often 





given credit for saying this expression but it was actually Wallace that 





coined this phrase.


B. There are three main lines of evidence to support evolutionary theory.



1. The first line of evidence comes from the fossil record. Fossils are remains of 




living things, parts of living things or evidence of the presence (such as foot 




prints) of living things. (overhead)



a. Fossils can provide a link to ancient common ancestors that evolved into 





modern species. 




b. Fossils also give us a glimpse into the past providing evidence for which 





species predominated at that time in history.  




c. Dating fossils and the material around fossils is performed using  a variety 





of techniques including measuring the ratio of radioactive potassium 





(half-life = 1.25 x 109 years) to argon because over time the potassium 





changes into argon.  Another method examines the ratio of radioactive 





carbon 14 (half-life = 5730 years) and nitrogen 14 as the carbon 14 





decays into N14.  These dating methods are fairly accurate over periods of 





time from thousands of years to millions of years.




d. biogeography of fossils, in other words fossils on Galapagos looked like 





fossils in SA rather than fossils from other tropical islands.



2. A second line of evidence comes from anatomical similarities among living 




organisms. This includes similarities in tissues and organs, embryonic 




development, homologous structures in organisms, and vestigial organs or 




structures.




a.  Anatomists recognized that there were structural similarities in tissues and 





organs from organisms that appeared to be related.  





i.  For example, liver, blood and bone tissue are structurally related among 






vertebrates, skin and hair are structurally related among mammals.




b. Embryologists who study the development of embryos noted that all 





vertebrate embryos look very similar in the beginning stages of 





development.  One zoologist, Ernst Haeckel, coined the phrase “Ontogeny 





Recapitulates Phylogeny” meaning that individual development repeats 





evolutionary ancestry or descent. (overhead)




 i. Examples of this concept are the similar patterns of development in the 






spinal cord and digestive tract, and the presence of gill slits in all 






vertebrates (higher vertebrates develop lungs a little time later).




c. Homologous structures are structures that have the same developmental 





origin and  similar composition, but that may have different function. (overhead)




i. Examples include the forelimbs of reptiles, birds and mammals which 






are very similar in that they are all constructed of bones in a similar 






pattern although they may be used for walking, swimming or flying. 




d. Vestigial structures are structures that appear to have no function but are 





actually similar to structures that do have a real function and are found in 





other organisms. (overhead)




i. One example of a vestigial structure is the remnants of hip bones in 






snakes, another is the pelvic and hind legs in whales, and a third 






example is the vestigial human appendix compared with the well-






developed cecum (food storage sack) in other vertebrates.



3. The third major line of evidence for evolutionary theory is the similarity of 




chemical composition of all living things. Biochemistry and molecular 




biology provide much evidence for this.





 a. All organisms carry DNA as their hereditary material, use RNA and 





ribosomes to make protein and all organisms perform some type of 





respiration for release of cellular energy in the form of ATP.  All 





organisms have structurally identical essential biomolecules (protein, 





lipids, carbohydrates and nucleic acids) as part of their composition.

C. There are many examples of change occurring through natural selection that have 



occurred in our own life times.



1. One famous example of change through natural selection is the peppered moth 




in England. 




a.  In the early nineteenth century, light-colored moths were very common and 





were camouflaged on white lichen-covered trees and therefore could avoid 





predation by birds.  Darker colored moths occurred, but were much rarer 





because they were spotted and eaten very quickly by birds. In the 1850’s 





the industrial revolution took off releasing tons of pollutants and soot into 





the air from coal burning, thus killing off the lichen and producing a layer 





of black soot on the trees.  Within a few short years, the dark-colored 





moths were very common while the white moths were very rare!  Natural 





selection caused this change in the moth population. In the cleaner 





environment of today, the lichen is coming back along with the light-





colored moths. 



2. Other examples of recent natural selection are insects that have evolved 




resistance to commonly used insecticides and bacterial strains that have 




become resistant to antibiotics.


D.  One important consequence and requirement of evolution is the maintenance of 



phenotypic variation within a population of organisms. This can be examined by 



studying gene pools within populations.  A gene pool is defined as the sum of all 



the alleles of all the genes found in a population.  How is this phenotypic variation 



maintained?  Hardy-Weinberg presented an equilibrium model based on 



certain assumptions. 



1. Assumptions of Hardy-Weinberg equilibrium model:




a. There are no mutations.




b. There is no migration of individuals into (immigration) or out of 





(emigration) the population , in other words, there is no gene flow.




c. Populations must be very large.




d. All matings must be random. In other words, all individuals have an equal 





chance of mating with all other individuals.




e. There is no natural selection, therefore all individuals have an equal chance 





of surviving and reproducing.



2. Very rarely will all of these assumptions be met in normal populations of 




organisms, so given these constraints no population is in equilibrium and 




therefore evolution or change must be occurring.



3. Hardy-Weinberg can be of some use however in determining allele frequencies 




in a population and following them as they change.  .  For any gene with two 




alleles the following relationship holds;  p + q = 1 where ‘p’ equals the 




frequency of one allele, and ‘q’ equals the frequency of the other allele.  For a 




population in Hardy-Weinberg equilibrium, the gene frequencies can always 




be determined by the following quadratic equation: 









p2 + 2pq + q2 = 1.  




The p2 value refers to the relative frequency of homozygous individuals for 




the p allele, the 2pq value refers to the relative frequency of heterozygous 




individuals, and the q2 value refers to the relative frequency of the 




homozygous individuals for the q allele. 





 a.  For example, for the gene responsible for cystic fibrosis (CF) there are two 





alleles, the normal allele and a recessive allele causing CF.  If there are 5 





in 10,000 individuals who suffer from CF (a recessive trait), the frequency 





of CF individuals is 5 x 10-4 = q2.  This means that q = 0.022 and the 





frequency of the normal allele in human populations must be 0.978 (=p).  





The frequency of heterozygous individuals in the human population 





(carriers of CF) is 2pq = 2(0.978)(5 x 10-4) = 9.78 x 10-4 or about 1 in 





every 1000 individuals.  


E.  There are several things that can influence gene frequency change 

1. then genetic drift occurs. Genetic drift is 



the process whereby the frequency of alleles in a population increases or 



decreases due to random chance. Genetic drift occurs more readily in small 



populations than in large populations because mating tends to be less random in 



small populations. Examples of how can have small populations: (overhead)

a. Bottleneck effect (use model of bottle neck) (overhead)
b. Founder effect (genetic drift)

2. gene flow movement in and out of a population usually due to migration between populations

3. mutation random change of DNA sequence that creates a new allele if gets set in a population often because of natural selection or unproportiante offspring (though usually tied to NS). Driving force of variation and therefore of evolution

4. nonrandom mating ex. Short men marry short women and tall with tall. 

5. Natural selection or fittness


F. The natural selection process affects populations in three basic ways. (overhead)


1. Directional selection favors a trait at the extreme end of the variation in the 




population and the population will tend to shift in that direction. 




a.  An example of directional selection might be for long legs in jack rabbits.  





Animals with longer legs may run faster and avoid predation.  Animals 





with short and medium leg length are eaten more often, so over time the 





population exhibits longer leg lengths.  



2. Stabilizing selection is when the traits in the middle are selected for so that 




intermediate forms predominate and forms at the extreme ends tend to 




disappear.



3. Disruptive selection is when both extremes of a trait are selected for and the 




intermediate forms are selected against. 




a.  A type of artificial selection that has been disruptive has been for size in 





dogs.  Non-random breeding has produced Chihuahua’s and Great Dane’s.  


G. The final result of evolution is the formation of new species. The biological 



definition of a species is a group of individuals that can interbreed.  The formation 



of a new species involves isolation of gene flow so that new genetic variation can 



occur and accumulate within one population. Two general models for this 



isolation allowing for genetic drift and speciation have been proposed. (overhead)
Think pair share- What ways do you think speciation could occur? How could new species form?



1. Allopatric speciation may occur when a geologic event such as an earthquake, 




volcano or flood creates a geographic isolation and separates what was one 




population into two populations.  Over time, each population changes through 




genetic drift until they are no longer able to interbreed.  At that point, they 




may have achieved new species status. This kind of event has given rise to the 




different species in the ocean on the east and west coast of Central America.  




These coasts were once together and constituted a single shallow sea.  Once 




separated, the organisms changed and now represent new species.



2. Sympatric speciation may occur when a population divides in two within the 




same environment but one population isolates itself to one niche and the other 




isolates itself to the another niche. 




a. For example, some organisms in one population start living in 





more trees while others prefer to remain on the ground.  If the tree 





dwellers do not mate as often with the ground dwellers, the population 





may begin to drift apart (genetically).  Over a very long time, this might 





lead to complete genetic isolation between these groups which may be 





considered new species.

III. Activity 


A. Natural Selection



1. Do the activity with paper punches and patterned fabric



2. Allow only one punch to be picked at a time



3. Excel graphing (give out directions)


B. Other ideas of ways to demonstrate evolution?



1. Work in groups



2. What difficulties do you have in teaching evolution if any?

IV. Video: Secret of Life


A. Part two


B. How and when to use videos?

V.
Molecular evolution or Microevolution is at the level of gene similarity. This 



includes the nucleotide sequences that are very similar between organisms and 



how we can use the number of changes to determine rates of change of a specific 



gene or even of a species if we find steadily changing genes. Also the fact that we 



find many of the same types of domains in genes that are used in a similar 



fashion.



1. Mutation is the change of a nucleotide from the original organism. it turns out 




that many genes can handle mutations with no change in the gene. For 




example if you think about the genetic code and how if we change  the third 




base of the codon for a four fold degenerate amino acid it does not change the 




amino acid and therefore does not change the protein structure so no visible 




consequence results. Also sometimes changing from one amino acid to 




another one does not visible change the ultimate protein structure either. 



2. Gene similarities between organisms that are in the same groups or even within 




kingdoms is also something that is important. Some genes are found in all 




organisms like the genes that code for tRNAs or the genes that code for 




universal transcription factors. 




a.
Gene tree of sorts can help you look at similarities between organisms and 





their common ancestors. 



3. Genomes can also be looked at this way and give incites into how they evolved.

