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How do we know this? 
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and how do we know this? 

 
http://www.cellsignal.com/reference/pathway/Cell_Cycle_G1S.html 

  

http://www.cellsignal.com/reference/pathway/Cell_Cycle_G1S.html
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or  this? 
 

 

Genes 
controlling 
anterior-
posterior 
patterning in 
the Drosophila 
embryo 
  



 4 

or  this? 

 
Ethylene Signal Transduction Pathway in Plants 
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How would you even get a 
foothold? 
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Reverse genetics starting with candidate genes 
Gene sequence  Targeted mutagenesis  gene knock-out  
reveal phenotype  infer function 

 
 
 

  But what if you don’t have any candidate genes or what if 
you think previous research has been focussed incorrrectly on 
a particular set of genes or is biased in some other way?  
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Forward genetics  
Random mutagenesis  look for phenotypes of interest  
identify genes  determine molecular function 
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Forward genetics 
• Pick a biological process or problem 
• Pick a model organism  
• Choose a method for mutagenesis  
• Screen for mutants with anticipated phenotype  

 
• Collect mutants and study their attributes              
• Figure out how many genes are represented in your collection of mutants  

 

             
• Study genes and gene function at the molecular level   

                               

Nasonia lab: moved 
to next week   

 Second Arabidopsis lab is 
cancelled 
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Pick a biological process or problem 
 
• How is the nervous system specified? 
• How does a developing embryo specify its head and its tail 
• How does sex determination work? 
• How does a developing embryo assemble a complex array of 

tissues and put them in the correct location and orientation? 
• How does DNA replication occur? 
• How is the eukaryotic cell cycle controlled? 
• How does a plant respond to ethylene? 
• How are visual signals processed by vertebrate animals? 
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1. Pick a biological 
process 

2.  Pick an 
approriate model 
 

3. Pick a method 
for inactivating 
genes 

4. Figure out how to 
screen for mutants 
 

5. Figure out how many 
different genes are 
represented in your 
collection of mutants 
strains 

6. Study phenotypes 

7. Study gene function 
at the molecular level 
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Molecular Biology
       (cloning)

         Genetics
(mutant phenotypes)

 Biochemistry
(in vitro work)

Gene

Protein Function

Mutants with defects in the process

genes with roles in the process

proteins that control the process

Function of specific
   gene products in 
     controlling or
executing a complex
  biological process

define

define
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 Biol 322  Fall 2012   
Inspired Choices & The Power of Forward Genetic Analysis  
Part 1:   Due on Friday Nov 16 at noon 
Part 2:  Have your paper preapproved ASAP and no later than Friday Nov 16 at noon. 
Part 3:  Due on Monday Nov 26 
Part 4:  Student presentations during the last week of the quarter (Tues Dec 4 & Thurs Dec 6). 

 
PART 1: (15 pts.)  Identification of SLEEPLESS, a Sleep-Promoting Factor  
   Science 321: 372. 2008    See link under Required Reading.  
Browse through entire article and carefully read pg 372- 374 and  examine figure 1 closely.   
Please word-process your answers to these questions.  Unless otherwise indicated each answer should be one-two complete sentences.  

1. What is the advantage (stated twice in the introduction of this article) of a forward genetic screen?  
2. How many mutant candidates were screened and what general type of mutation did they carry? 
3. Examine Figure 1a.  What is the sleep phenotype of sss mutants? Be sure to state your answer in quantitative terms. 
4. What is the difference between sleepless (sss) and SLEEPLESS (SSS)? In other words, what do the upper and lower case 

versions refer to? 
5. How did the researchers establish that sleepless and quiver were alleles of the same gene?  Site two different lines of evidence. 
6. Is the sleepless gene likely to play a significant role in vertebrate sleep processes?  Defend your answer in one sentence. 

 
PART 2  Inspired Choices.   Find an original research paper that uses a forward genetic screen strategy to 
identify genes that play roles in a specific biological process.   

1. Your paper may be recently published or NOT. 
2. As soon as you find a candidate paper for this part of the assignment, send CT a pdf file or a link to the paper 

or abstract.  One student per a given paper.  First come, first served.  Your choice of paper must be 
preapproved!  Do this no later than 10/13. 

3. You have free online access to Science, Nature, Cell, Genetics, Nature Genetics, PNAS, PLoS One, PLoS 
Genetics and many other journals via the Western Libraries.   You can find your paper in a number of 
different ways: 

a. Go to PubMed and do a general search:    http://www.ncbi.nlm.nih.gov/pubmed/ 

http://www.ncbi.nlm.nih.gov/pubmed/
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b. Go to a specific journal (such as Genetics) that you have online access to and search that journal 
c. Google it! 
d. If you search with the term forward genetics you won’t find any older articles (pre 1990s?) since this 

jargon came into use only with the advent of reverse genetic technologies.   
e. Be sure to pick a topic and research organism of interest especially to YOU. 

 
PART 3   Written Work-up of your selected paper to CT 

Submit the following by Mon Nov 26 
a. Title of paper, author list (first and last only if there are more than 2 authors), name of journal, 

volume, page and year of publication 
b. A short summary (several sentences) of the paper including the biological process under examination, 

the model organism used, how the researchers screened or selected for phenotype of interest, the scale 
of the screen (how hard did they look for mutants?), the mutagen or other technique used to generate 
mutations, the number of mutants discovered and especially any interesting biology that the 
researchers uncovered. 

 
PART 4:  (15 pts.)  10-12 minute in-class presentation of your paper (Dec 4 & 6) 

• Structure your talk around the guidelines for the homework assignment  -- in other words, be sure to convey 
the biological process under investigation, the model organism chosen (and why), the phenotype screened 
(or selected for), what the researchers learned that was interesting, the scale of the screen, etc. 

• Work up a couple of slides WELL IN ADVANCE OF YOUR TALK and practice your talk on a friend or 
classmate to make sure it is coherent & of the appropriate length 

• On Tues and Thurs Nov 27 & 29, the labs will be on the short side giving you extra time to work on your 
presentation 
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•  
  



 17 

  

C.elegans RNAi lab at end of 
quarter 
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Forward Genetics: You don’t know what you don’t know 
 

Fungi can be a farmer's best friend or worst enemy. 
Some, such as plant rust and powdery mildew, can 
take down entire fields. Others, such as the 
Epichloë that lives between the cells of the ryegrass 
leaves, help the plant grow and reproduce. Now, 
researchers have discovered that free radicals can 
make the difference between friend and foe. The 

finding could help crop scientists develop ways make these fungi behave. 
As a ryegrass leaf elongates, Epichloë sends out rootlike strands called hyphae that grow in parallel to the 

leaf's expanding columns of cells. Hyphae growth stalls when the leaf stops growing, allowing the two to live 
comfortably together from then on. Thanks to the fungus, the plant acquires more nutrients and can send out more 
roots, make more seeds, and survive drought better. To understand why Epichloë and ryegrass are such bosom 
buddies, Barry Scott, a plant ecologist at Massey University in Palmerston North, New Zealand, and colleagues 
made 220 Epichloë mutants. They found one that ruined the détente between the fungus and its host. This mutant's 
hyphae grew unchecked, stunting the growth of the ryegrass and eventually killing it. 
 The mutated gene codes for an enzyme that helps turn oxygen into free radicals, Scott and his colleagues 
report in the April issue of The Plant Cell. Normally, the ryegrass stimulates the fungus to produce these free 
radicals. Then these reactive molecules somehow inhibit fungal growth. But the mutant fungi don't make free 
radicals, greatly impairing the plant's ability to keep the fungus in line. Scott was surprised to find free radicals 
acting as regulators, because they are generally considered cell-killers that harm both plants and fungi. 
 "The results imply that [free radicals] may play much more subtle and precise roles in regulation than merely 
acting as cytotoxins," says Christopher Schardl, a plant physiologist at the University of Kentucky, Lexington. 
There are probably many genes involved in keeping the plants and their host fungi on friendly terms, and these 
findings "give some suggestions where researchers might look in other plant-fungal associations" for these genes,  
  

Flora Fungi Are 
Fickle Friends 
By Elizabeth 
Pennisi  ScienceNOW 
Daily News  29 March 
2006 
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ETHYLENE: A Gaseous Signal Molecule in Plants 
 

Anthony B. Bleecker 
Departments of Botany and Genetics, University of Wisconsin, Madison, Wisconsin 
53706-1381; e-mail: bleecker@facstaff.wisc.edu 

 

Hans Kende 
MSU-DOE Plant Research Laboratory and Department of Botany and Plant Pathology, 
Michigan State University, East Lansing, Michigan 48824-1312; 
e-mail: hkende@msu.edu 

 
Key Words   1-aminocyclopropane-1-carboxylic acid (ACC), Arabidopsis thaliana, ethylene receptors, Raf kinase, two-component system 

■  Abstract  Ethylene regulates a multitude of plant processes, ranging from seed germination to organ 
senescence. Of particular economic importance is the role of ethylene as an inducer of fruit ripening.  
Ethylene is synthesized from S-adenosyl- L-methionine via 1-aminocyclopropane-1-carboxylic acid (ACC). 
The enzymes catalyzing the two reactions in this pathway are ACC synthase and ACC oxidase.  En- 
vironmental and endogenous signals regulate ethylene biosynthesis primarily through differential expression 
of ACC synthase genes. Components of the ethylene signal transduction pathway have been identified 
by characterization of ethylene-response mutants in Arabidopsis thaliana. One class of mutations, 
exemplified by etr1, led to the identification of the ethylene receptors, which turned out to be related to 
bacterial two-component signaling systems. Mutations that eliminate ethylene binding to the receptor yield a 
dominant, ethylene-insensitive phenotype. CTR1 encodes a Raf-like Ser/Thr protein kinase that acts 
downstream from the ethylene receptor and may be part of a MAP kinase cascade. Mutants in CTR1 exhibit a 
constitutive ethylene-response phenotype. Both the ethylene receptors and CTR1 are negative regulators of 
ethylene responses.  EIN2 and EIN3 are epistatic to CTR1, and mutations in either gene lead to ethylene 
insensitivity. Whereas the function of EIN2 in ethylene transduction is not known, EIN3 is a putative 
transcription factor involved in regulating expression of ethylene-responsive genes. Biotechnological 
modifications of ethylene synthesis and of sensitivity to ethylene are promising methods to prevent spoilage 
of agricultural products such as fruits, whose ripening is induced by ethylene. 

 
  

mailto:bleecker@facstaff.wisc.edu
mailto:hkende@msu.edu
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