Model Organisms Project

It is wonderful material.  They breed all year round and give a new generation every twelve days.

- Thomas Hunt Morgan describing Drosophila melanogaster to a friend (1910)

It’s a motley collection of creatures: They fly, swim, wiggle, scurry, or just blow in the wind.  But to the scientific community, this compilation has been elevated above all other species.  They are the model organisms.  - The Scientist, June 2, 2003

Introduction:  Biological problems involve experimentation, often at the cellular and molecular level.  How does a fertilized egg develop into a baby?  How do stem cells “know” to become nerves, a liver, or muscle?  What causes cancer?  Can medicine ever treat diseases like Alzheimer’s and Parkinson’s?   Researchers are finding answers to these questions in organisms surprisingly different from us – yeast, worms, and flies, to name just a few.  

Thesis Question: What biological problems are being investigated in your assigned organism and how can this research apply to other living things?

Model Organisms:

· Escherichia coli
· Arabidopsis thaliana (Common wall cress or Mustard plant)
· Saccharomyces cerevisiae (Baker’s yeast)
· Caenorhabditis elegans (Nematode worm)
· Drosophila melanogaster (Fruit fly)
· Mus musculus (Mouse)
Tasks for Each Group:

· Make a PowerPoint slide.  Highlight the biological research being done on your model organism.  Why is this particular species a good model organism?  How are we related to it?  What fundamental discoveries have been made so far with this organism that apply more broadly to other living things?

· Care for a model organism.  What does your organism require to live?  In other words, what does it eat?  What temperature does it prefer?  How fast does it reproduce?  What are the advantages and disadvantages of using this organism for understanding human biology?  You will investigate these questions through research and first-hand experience as you care for the organism, either at home or in the classroom.  Discuss your findings with a hands-on activity or “show-and-tell,” that demonstrates a biological concept with this organism.           

Note:  If you are asked by your teacher to care for an organism at home, please be sure to research how to look after it.  
You must also consider what you will do with the organism once you have completed the project.

· Interview a researcher.  How are scientists using your model organism to answer scientific problems?  Ideally, try to visit a lab where you can interview scientists at a university or biotechnology company using your model organism.  Ask your teacher for help contacting these professionals.  During this trip, you will document your visit with photographs/video clips, etc. highlighting this research.  Share your experience with the class with a PowerPoint presentation or website.

· Outline a scientific paper.  Try to obtain a scientific paper by the same researcher you partner is interviewing.  What is the research question?  Specifically, what hypothesis is being tested?  What information does the audience need in order to understand the experiment?  What methods were used in the study?  More precisely, how was the data generated?  What equipment was used?  What are the independent and dependent variables?  What is the control?  What results were found?  In other words, how did the independent variable affect the dependent variable?  What is the significance of the results?  How does this address the hypothesis?  Finally, what areas might this research open for future investigations?  








( An important tip:  Focus on one key figure in the results section.  Show this to the class as a way of explaining what hypothesis was tested, what equipment was used, and the significance of the results.  This will simplify and focus your discussion.

	Organism
	Digital Resources



	Escherichia coli
	Unlikely Heroes - http://www.the-scientist.com/2003/6/2/S7/1/
The E. coli Wiki - http://ecoliwiki.net/colipedia/index.php/Main_Page

	Arabidopsis thaliana (Common wall cress)

	Adapt or Perish - http://www.the-scientist.com/2003/6/2/S27/1/
The Plant - http://images.the-scientist.com/content/figures/images/yr2003/pdfs/plant_supp_0306xx.pdf
The Arabidopsis Information Resource - http://www.arabidopsis.org/


	Saccharomyces cerevisiae (Baker’s yeast)

	Rising to the Occasion - http://www.the-scientist.com/2003/6/2/S9/1/
The Yeast - http://images.the-scientist.com/content/figures/images/yr2003/pdfs/yeast_supp_0306xx.pdf
Saccharomyces Genome Database - http://www.yeastgenome.org/


	Caenorhabditis elegans (Nematode)

	Programmed to Die - http://www.the-scientist.com/2003/6/2/S14/1/
The Worm - http://images.the-scientist.com/content/figures/images/yr2003/pdfs/worm_supp_0306xx.pdf
WormBase - http://www.wormbase.org/

	Drosophila melanogaster (Fruit fly)
	A quick and simple introduction to Drosophila melanogaster - http://ceolas.org/VL/fly/intro.html
The Fly - http://images.the-scientist.com/content/figures/images/yr2003/pdfs/fly_supp_0306xx.pdf
FlyBase - http://www.flybase.org/


	Mus musculus (Mouse)
	Background on Mouse as a Model Organism - http://www.genome.gov/10005834
The Mouse - http://images.the-scientist.com/content/figures/images/yr2003/pdfs/mouse_supp_0306xx.pdf
Creating Stem Cells for Research - http://gslc.genetics.utah.edu/units/stemcells/sccreate/
Whole Mouse Catalog - http://www.rodentia.com/wmc/



Timeline for Completing Project:

1) Join one of six groups and get assigned an organism.

2) Individuals decide what tasks (make a PowerPoint slide, care for a model organism, interview a researcher, or outline a scientific paper) they want to complete.  Your teacher may have some or all of these organisms for you to care for in the classroom. You may also receive help finding a researcher to interview and a scientific paper to outline.

3) Two weeks before the project is due, show your progress to your teacher and discuss questions you may have.  Groups will meet at this time to work on the project in class.

4) Your group will be asked a question at the end of the presentation.  One or all of the members in the group must correctly answer the question.  The question is based on information from the digital resources, above, or in your textbook (example – Chapter 21 – The Genetic Basis of Development, Campbell and Reece, 6th Edition).   Questions will be selected from a list of topics (see below).

5) Group presentations last from 15 – 20 minutes and each person must speak 4-5 minutes.  There are no individual grades for this project.  Each person contributes to the overall group grade.

6) Projects are due on this date: _________________

Questions for Each Group: – Use your textbook and the provided digital resources to answer questions relevant to your organism.  Your instructor will ask your group one of these questions at the end of your presentation.

E. Coli:

1) (Campbell & Reece, 6th Ed.) Recall that prokaryotes reproduce asexually and so daughter cells are typically identical (except for rare mutations). How do bacteria like E. coli undergo genetic recombination and produce the necessary variation for adaptation?

2) (Campbell & Reece, 6th Ed.) How can E. coli control their gene expression and adjust their metabolism to environmental change (example: the presence of lactose)?
3) (Unlikely Heroes, The Scientist) How do E.coli use chaperonins to deal with “heat-shock?” 
4) (Unlikely Heroes, The Scientist) Certain mutant E. coli “cheat” natural selection, giving them an edge over their competitors.  Explain how.

A. thaliana:

1) (Campbell & Reece, 6th Ed.) Explain how organ identity genes are analogous to homeotic genes in animals.

2) (Campbell & Reece, 6th Ed.) How are transcription factors regulated in flower development?  Why would mutations in the organ identity genes affect a pattern of floral development?
3) (Adapt or Perish, The Scientist) How have “stress-inducible genes” helped plant geneticists breed varieties which tolerate extreme environmental conditions?
4) (Adapt or Perish, The Scientist) What is “flowering locus C” or FLC and why might it help farmers create more productive crops like beets, spinach, and lettuce?
S. cerevisiae:
1) (Rising to the Occasion, The Scientist) How did cell division cycle (cdc) mutants help researchers decipher the genetic basis of the cell cycle?

2) (Rising to the Occasion, The Scientist) What do researchers hope to learn by studying 6,000 mutant strains of S. cerevisiae?
3) (The Yeast,[image] The Scientist) Why might yeast help researchers understand the genetic basis of cancer in humans?

4) (The Yeast,[image] The Scientist) How many Nobel prizes have been awarded to scientists studying yeast?  What specific contributions have they made?

C. elegans:

1) (Campbell & Reece, 6th Ed.) Explain how inducers (a type of growth factor) linked to the Ras pathway (a signal-transduction pathway) trigger the development of complex organs like the vulva.

2) (Campbell & Reece, 6th Ed.) How are “suicide” proteins activated, resulting in apoptosis?

3) (Programmed to Die, The Scientist) Why might an understanding of the molecular workings of apoptosis help researchers prevent tumor formation?

4) (Programmed to Die, The Scientist) Dead cells should be engulfed and removed by phagocytic cells.  What category of diseases may result when these cells fail to remove the dead cells?

D. melanogaster:

1) (Campbell & Reece, 6th Ed.) What is the role of homeoboxes and transcription factors in anterior-posterior and dorsal-ventral positioning?

2) (Campbell & Reece, 6th Ed.) How does the homeodomain of a transcription factor help it “turn-on” a gene?

3) (A quick and simple introduction to Drosophila melanogaster) What are polytene chromosomes and what qualities make them useful to researchers?
4) (The Fly,[image] The Scientist) How are researchers using transposable elements to study in these flies?
M. musculus:
1) (Background on Mouse as a Model Organism) Why are mice the “premier” model organism for studying complex physiological systems?

2) (Background on Mouse as a Model Organism) What are “knock out” genes and how are they used to study diseases such as cystic fibrosis and cancer?
3) (Creating Stem Cells for Research) How are mice being used to study stem cells?  Specifically, distinguish between stem cells from therapeutic cloning versus adult cell lines.
4) (The Mouse,[image] The Scientist) How are transgenic mice helping researchers study spatial and temporal gene regulation?

References and Useful Resources:

· Biology Animation Library (Model Organisms) - http://www.dnalc.org/ddnalc/resources/model_organisms.html
An interactive computer animation introducing a variety of model organisms.

· Fly, the Unsung Hero of Twentieth-Century Science. (by Martin Brooks, 2001).

A very readable and informative history of Drosophila melanogaster’s impact on the biological sciences.  Suitable for teachers and students.

· Biology, 6th Edition. (by Neil Campbell and Jane Reece).  

The standard textbook for many Advanced Placement biology courses.  Discusses some of the model organisms in this project.

· GloFish (Fluorescent transgenic Zebrafish) - http://www.glofish.com/
A wonderful “hook” for introducing the model organism project.  These fish contain genes from jellyfish and anemone that make a glowing protein viewable under a black light.  The fish can be ordered through many biological supply companies.

· Model Organisms (June 2nd Supplement in The Scientist) – 

http://www.the-scientist.com/supplement/2003-6-2/
An outstanding resource for students and teachers describing how model organisms are the “workhorses” of modern molecular and cellular biology.  The supplement is free and can be read online.  Images and articles of the model organisms in this supplement are also listed above under “digital resources.” 

Grading:

( PowerPoint slide highlighting model organism:




Addresses questions (why a good model organism, how we are 



related to it, fundamental discoveries) with clarity and depth.
___/20_


Discussion lasted from 4-5 minutes.

( Care of a model organism

Uses actual organism in a “show-and-tell” presentation or a 

hands-on activity to illustrate a biological concept. Features of 

the organism are presented in a way so the audience can clearly 

view a living specimen.   A first-hand account of how the 

organism was cared for (feeding, temperature) are clearly 

explained.  Reproductive rates and the advantages and 

disadvantages of using the organism for research are explained

with clarity and depth.
 Discussion lasted from 4-5 minutes. 

___/20_










( An interview with a researcher






         

An explanation of how a specific research lab is using the 

organism is clearly described in depth. The interview is 

conducted by the student in person or (less ideally) over the 

phone.  Photographs and other visuals are used to enhance

this research.
Discussion lasted from 4-5 minutes.


___/20_


( Outline of a scientific paper


A scientific paper is “deconstructed” into areas that focus on 


what question (hypothesis) was investigated, what variables were


used (independent, dependent and control) and what results were 


found.  This is clearly emphasized with a specific figure from the 


paper that illustrates these points.  Ideally, the paper should be 


from the same researcher your partner interviewed. 


___/20_


( Answer to group question is accurate and specific.

___/10_       


( Group worked cooperatively as a team.


___/10_









      Total:  ___________

Comments:

Note: Be careful that all writing is in your OWN WORDS.  Do not simply “cut & paste” information.  Plagiarized material will result in a failing grade and disciplinary action.






