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Forward Genetics Topics

Concepts of forward genetics, applicable to any type of organism we have studied in this class (phage, bacteria, yeast, fruit flies, plants, and hypothetical beasts).

1) "isolating a mutant" 

The first step in forward genetics is deciding what your looking for. What process do you want to study (sugar metabolism, embryogenesis, pigment pattern formation)? Using a mutagen to increase the probability of mutations one then looks through the population of resulting progeny for individuals showing the phenotype of interest (can’t grow on glucose, failure to gastrulate, having spots instead of stripes). Every individual found (isolated) represents a different independent change in the nucleotide sequence of a gene (mutation) and thus is a mutant.

2) difference between selection and screen

The easiest experimental design to carryout when looking for mutants is a selection. In a selection the progeny of the mutagenized individuals are placed in a condition in which the starting strain would die and mutations in genes of a given process will live. The mutants will have a selective advantage.

It is often hard to establish a condition that will give the mutants a strong selective advantage over the starting strain. In this case one must do a screen. In a screen one must look through all of the living progeny and find the ones with the phenotype of interest. This approach is more labor intensive, having to deal with all of the normal individuals, but allows a patient person the ability to look at processes that would likely never be able to be studied by selections. These processes would include find the genes required for embryogenesis as mutations in these genes are themselves lethal.

3) two mutants with the same phenotype: same or different gene?

Mutants that are isolated are independent changes however they can be changes in the same gene or in different genes. There are two ways to determine if mutants have changes in the same genes or in different genes: complementation and segregation.


a) do they complement?

To be able to use complementation to test if two mutations are in the same gene these mutations must meet some criteria:

· Each must be recessive mutations

· The phenotype in each strain must be the result of a single mutation

If the mutants being tested meet these criteria then a complementation test can be used.

One must cross the mutants to each other and examine the resulting F1 diploids.

If the F1 has the normal phenotype then the mutations are inferred to be in different genes because the F1 must have had a wild-type copy of each gene to show a normal phenotype since both mutations are recessive.

If the F1 also has the mutant phenotype then it can be inferred that the mutations are in the same gene. Thus, the F1 only has two defective copies of the same gene and still shows the phenotype.


b) are they linked?

Another way to see if two genes are in the same gene or not is to see if the two mutations segragate away from each other in a cross. This can be used to examine dominant alleles. 

For haploids

After crossing mutant spores  to get the diploid, allow it to sporulates and analyze the resulting tetrads for linkage. 

If the muations are in the same gene then all spores will be affected. 

a1/a2-> a1 


   a1              


   a2     

        a2    

If the mutations are in two different genes then they will segragate away from each other

a +/+ b -> a + or a b or a +



 a +    a b    a b
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 + b    + +    + b

           PD     NPD    TT 

In this case some wild-type spores are found. 

For Diploids

cross homozygous mutants together then intercross the F1 hybrids

If mutations are in the same gene:


a1/a1 X a2/a2 -> F1 a1/a2 X a1/a2 -> a1/a1, a1/a2, a2/a2 all of which will show the mutant phenotype. 

If mutations are in different genes then

a +/a + X + b/+ b-> F1 a +/+ b X a +/+b 
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For recessive mutations





+_ +_ 9   wild-type phenotype





aa +_ 3   mutant phenotype





+_ bb 3   mutant phenotype





aa bb 1   mutant phenotype*

* assuming no interaction between the genes (i.e. suppression)

As with the haploids if the mutations are in the same gene then all resulting progeny from the hybrid will show the mutant phenotype, and if they are in two different genes then some wild-type phenotype progeny will be found.

The illustrations were for recessive mutants think about the expected results for dominant mutants or one dominant and one recessive.

4) conditional mutants: permissive and restrictive conditions; prototrophs and auxotrophs

Conditional mutants are mutants that show a phenotype under certain conditions and not others. 

The permissive condition is the environmental condition in which the mutant does not show the phenotype. This condition permits the mutated gene product to function normally.

The restrictive condition is the condition is the condition where the mutated gene product can no longer function properly and the phenotype can be observed.

These mutations are very useful because they are often easy to maintain under the permissive condition and especially useful for essential genes. 

Example Environmental conditions for conditional mutants:

Temperature Sensitivity: The phenotype is apparent only at higher temperatures.

Cold Sensitivity: The phenotype is apparent at lower temperatures.

Nutrient suppliment: The mutants fail synthesize a certain nutrient and must be supplemented with it to live.


Prototrophs for a nutrient can grow without nutrient supplement. They can make it themselves. 


Auxotrophs for a nutrient cannot grow without that nutrient being supplied by the environment. It cannot make the nutrient itself.

5) large scale screens/selections:

This just takes the approaches of 1,2,3 at a larger scale. Typically one mutagenizes 100,000s individuals and examines the progeny.


a) complementation GROUPS -> putative genes


One of the first steps often is to cross the recessive mutants together to find out how many genes are in volved using complementation. Typically the allele with the strongest phenotype is used for further analysis. 


b) linkage analysis -> maps (also, assign dominant alleles to genes)

Next the mutants are crossed to a strain with many mutations that the original starting strain (before the mutagenesis ) did not have so that the generated mutation can be mapped relative to these known genes.

aa ++ ++ ... X ++ bb cc ... -> F1 a + + .../+ b c X a + +/+ b c
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Score F2 for each mutation to determine recombination between new mutation and known genes.


b) concept of saturation

Ideally one would like to have mutations in all of the genes involved in a given process. 

If one isolates many alleles for all of the genes found (many genes in each complementation group) the screen is said to be saturated and most likely using the same approach one will only find more alleles of the same genes. The hope is that this list of genes then represents all of the genes in the pathway.

6) ordering genes into pathways

Once the genes involved in a pathway are found by mutation, one wants to know what these genes are doing and how they are interacting with each other. Depending on the process being examined one can use different means to assess the deffects.


a) structural assembly pathways (look for partly formed structures)

When looking at these kind of pathways one can examine what the defect in the process is by looking at the output structure. One can see which parts are ok and which are defective. By inferrence the mutation would be in a gene that is required for proper assembly of the malformed part(s).


b) biosynthesis pathways (crossfeeding or feeding tests)

This is very similar to 6a) in concept. One wants to find out which part of the pathway is deffective. However one cannot simply look at a structure and infer gene function. To find out a which step in the pathway the mutant is defective in one must employ a different approach. 

For when the intermediates in the pathway are unkown or are too expensive to synthesize:

One can use crossfeeding experiments. Both strains are plated on the restrictive condition on the same plate. Niether strain will grow by itself, but strain A may accumulate an intermediate that can diffuse through the plate to strain B. If this intermediate is down stream of where strain B is defective then B will be able to grow. Thus A must be downstream of B.

If the intermediates are known and available:

One can use direct feeding experiments to see the point at which the mutants are blocked. If a strain can grow on a given nutrient then all of the downstream steps (genes) must be ok and the mutation must affect an upstream gene.

7) isolating revertants

A screen may not find mutations in all of the genes in a pathway  because under the conditions of the screen  some genes when mutated may not show a phenotype. Remember the only way to find mutants in a screen is to find individuals with phenotypes. Once mutants are found with a given phenotype one can use this strain as a starting strain for another screen. This new screen has the ability to find mutations in genes the first screen could not because you are starting with a different strain and looking for a different phenotype, supression of the original mutation.  When a strain is homozygous for both mutations it appears to have the wild-type phenotype.


a) true revertants (intragenic)

Intragenic suppressors are mutations in the same gene as the original mutation. True revertants are a subclass of intragenic supressors that change the original mutation in the staring gene back to the wildtype sequence.


b) extragenic suppressors

Extragenic supressors are mutations in a different gene that is able to supress the original mutant phenotype so that the double mutant has a wild-type phenotype.

One way to distinguish between the two types of supressors is by seeing if the segragate in a cross.

8) isolating recessive mutants in diploids (plants, worms, etc)

One mutagenizes a population of individuduals which produce the F1 generation which will be heterozygous for any mutations. These are allowed to self fertilize which will create homozygous mutants in 25% of the progeny (F2). Then the F2 are screened for mutants of the appropriate phenotype.
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