Academy of Science Teacher Guide for AOS Biology Unit 1


Unit 1

A glance at Arthropods shows that there is a high probability that they share a common phylogeny and evolutionary history. This is based mostly on an anatomical comparison as well as the fossil record. 

It has been postulated that Arthropod evolution may be at least partially facilitated by endosymbionts as well as other selective pressures. Recently an endosymbiotic prokaryote, Wolbachia has been discovered in a parasitoid Hymenopteran, Nasonia. Futher studies have shown some interesting aspects of Wolbachia.

1. Wolbachia has been found in 15-20% of all Arthropod species and could very well be an agent of sympatric speciation in its host.

2. Wolbachia cannot be cultured outside of  its host’s cells. It is completely dependent on the eukaryotic cell.

3. It is not known how Wolbachia spreads from host to host.

It is possible that Wolbachia evolve at the same rate as their Arthropod host. Is it possible that a phylogenetic tree of Wolbachia taken from a variety of Arthropods would mirror the phylogenies of Arthropods? How would we construct this tree? 

1. Generate a “Know” vs. “Need to Know” list

a. Predictions from “Need to Know”  list

i. Phylogeny

ii. Eukaryotic

iii. Prokaryotic

iv. Parasitoid

v. Endosymbiotic

vi. Speciation

vii. Hymneopteran 

viii. Sympatric

ix. How to compare DNA

x. Nasonia

xi. Wolbachia

xii. Selective pressure 

xiii. host

2. Have students “define” the things they need to know.

a. Using these definitions, refocus on the question. Based on the refocus, what more do we need to know?

b. Prioritize “needs” to drive instruction.

3. Prokaryotes vs. Eukaryotes (animals only)

a. Basic Structure and Function

i. Eukaryotes 

1. Ribosomes-structure and function (not membrane bound)

2. Nucleus

a. Linear DNA

b. Histones

c. A function of DNA is to make RNA which may code for a protein

3. ER

4. Golgi

5. Mitochondria

a. Endosymbiosis

i. Margulis story of possible phagocytic engulfment of a bacteria

6. Lysosomes

7. Vacuoles

8. Plasma membrane-lipid bilayer/proteins

ii. Prokaryotes

1. plasma membrane

2. nucleoid

a. circular DNA

b. no histones…some protein

3. plasmid

4. Cell wall different than eukaryotic cell wall

5. ribosomes

iii. Imaging

1. microscopy-parts and care of a microscope

****Imaging Field Trip

Light Microscope Lab


Cheek Cells


Protozoa (mixed culture)


Prokaryotes



Use oil immersion



Gram staining

Field of view 


Measure low power field


Calculate high power field


Estimate cell sizes


Drawing protocols

Assessment point


1)lab 

· drawings

· discussion

· compare and contrast

· calculations

· lab demeanor


2)lab worksheets


3)Test

· some recall questions 

· diagrams, labeling, measurement computation

· essays

Back to the problem. Arthropods are Eukaryotic and Wolbachia are Prokaryotic. The central problem drives us in a direction where we want to compare Wolbachia to each other and Arthropods to each other and look for 

co-evolutionary relationships. What is it we can compare and how do you compare?

4. Background of DNA


a. History of DNA

i. Meisher

ii. Garrod

iii. Muller

iv. Beadle and tatum

v. Griffith

vi. Avery, McLeod, McCarthy

vii. Hershey and Chase

viii. Chargaffs Rules

b. DNA molecule

i. Watson,Crick, Franklin and Wilkins

ii. Double Helix 

iii. General structure of the 4 nucleotides

iv. Antiparallel nature of the strands

v. Hydrogen bonding

c. DNA replication

i. Messelsohn and Stahl and semiconservative replication

ii. DNA polymerase

iii. Triphosphate nucleotide addition

iv. Dehydration  synthesis in formation of phosphate backbone

Now that we know the basics of DNA, what aspect of DNA do we compare and how do we compare it?


5. DNA Sequence-what is it and how do we figure it out?

a. PCR

i. Function-to amplify DNA

ii. History/background

1. taq polymerase

2. 3 domains

3. What is an enzyme?

a. Protein structure and function

i. Amino Acid structure

ii. 20 essential amino acids

1. Prokaryotic AA vs Euk AA

iii. Peptide bonds 

1. Condensation and Hydrolysis

iv. 4 levels of organization

b. Enzyme structure and function

i. Enzyme characteristics

1. specificity

2. susceptibility to temp, pH and concentration

ii. Active site/enzyme structure as an explanation for behaviors

iii. Induced Fit model

1) Using models to illustrate levels of organization

iii. What goes into a PCR run

1. template DNA

2. buffers

3. DNTP’s

4. taq polymerase

5. primers

iv. Thermocycler “how to”

v. Electrophoresis

Assessment Point

· Lab notebook check

· Test

· Include Online PCR worksheet

Once we know what sequence we’re using, and how to get it, how do we compare and what will it mean?

6. Building a Phylogeny

a. Historical approach

i. Initially classification was descriptive

1. Aristotle

2. Linnaeus

ii. As more descriptions of organisms became available, scientists began to see tendencies. 

iii. The next question was regarding common ancestry

1. Lamarck

2. Darwin

a. History of Darwin

b. Tales from Darwins life/travels on theBeagle

i. Lyell

ii. Fossils

iii. Finches

iv. Clams on the mountain

v. Tortoises

c. Theory of Natural Selection 

i. Darwin/Wallace connection

d. Evidences of Evolution (in historical order)

i. Comparative Anatomy 

1. homologous structures

2. vestigial organs/tying to the fossil record

a. whale hips

b. appendix

c. python hips

d. coccyx

3. Comparative Embryology

a. as another perspective on anatomical comparisons

ii. Fossil Record

1. Radioactive dating

2. Review Sedimentation

3. horse evolution

4. Archaeopteryx

iii. Biogeography

1. Marsupials vs. placentals

iv. Biochemical Evidences

1. helped explain Darwins missing piece (cause of variation)

2. This was initially just protein

3. ex. Hemoglobin, cytochrome c

4. ultimately, it shows genetic variation

5. mutation as the source of variation

a. most mutations are lethal

v. accumulation of mutations may lead to speciation 

e. Isolating mechanisms

i. Allopatric speciation

1. geographic barriers

a. Darwins finhes, marsupials

ii. Sympatric speciation

1. possible behavior/genetic variations within a population

iii. Wolbachia…which is it?

1. What is Wolbachia
2. Mechanism of function in Nasonia
1) Protein gel electrophoresis

2) Grasshopper variation

3) Comparison of amylase in BLAST

Now that we know how to build a phylogeny, how can we collect and identify different Arthropods to correlate with Wolbachia?

Assessment Point

· Lab writeup on the phylogeny lab

· Grasshopper lab…notebook and conclusions

· Worksheet for amylase lab

· Test at end of section

7. Bug Collecting

a. Animal Kingdom and other 4 kingdoms

i. Protists

1. Eukaryotic

2. heterotophic or autotrophic

3. protozoa, algae and the future of taxonomy

4. Unicellular or colonial

5. Kind of a catchbasin

ii. Fungi

1. Eukaryotic

2. unicellular (yeast) or multicellular (molds, mushrooms)

3. chitinous cell wall

4. heterotrophic

iii. Plant

1. Eukaryotic

2. autotrophic

3. Cellulose cell wall

4. plastids

iv. Animal

1. Eukaryotic

2. Heterotrophic

3. no cell wall

b. Modern nested taxonomy

i. King Phillip …etc.

ii. Binomial Nomenclature

1. Dichotomous Keys-refer back to Goldenrods

c. Arthropods characteristics

i. Jointed appendages

ii. Exoskeleton of chitin

iii. Classes-major characteristics

1. Insecta

2. Arachnids

3. Crustaceans 

4. Chilopods 

5. Diplopods

Assessment Point

· Quiz

8. Protocols

a. Bug collecting and labeling

b. DNA extraction

c. PCR

d. Gels 

e. Sequencing

f. Blast

9. Pulling it all together.

a. Build a basic phylogeny of the collected arthropods

b. Using Blast, building a phylogeny of the Wolbachia from the sequences

c. Looking for correlations between the 2 phylogenies

d. Answering the questions

Paper due answering the original question

1)DNA isolation lab


	Yield per gram 


2)Models to show replication








