Analyzing interactions among different genes

As I discussed in the review, the goal of a geneticist is usually to identify molecular components that contribute to a particular biological process, and to figure out how those molecules work together to execute that process.  There is not just one way to figure out out how genes work together in a biological process, but there are certain rules of logic that apply to all situations.

For a geneticist, the first approach is usually to find multiple mutations with a particular phenotype in a genetic screen.

Once this is accomplished, the next step is usually to do complementation tests to figure out how many genes are represented by the mutations that you isolated in your screen.  

In addition, it’s important to figure out whether the individual mutations you are dealing with are loss-of-function, gain-of-function, or something else (dominant negative, neomorphic, etc.).

loss-of-function:  usually recessive.  If the mutation is null, 

m/Df = m/m (the phenotype of the mutation over a deficiency of the gene is indistinguishable from that of the homozygous mutant)

gain-of-function:  usually dominant


Df/+ will not show the same phenotype as m/+.


gain-of-function alleles are usually harder to find than loss-of-function.

For 2 genes A and B:

If a(lf) gives the same phenotype as b(lf), then the two genes a and b have the same net effect on the phenotype or pathway

if a(lf) = b(gf) or a(lf) ≠ b(lf), then the genes may act antagonistically (one may inhibit the other’s function, or they may act independently but in opposite ways in the pathway.

Epistasis analysis can tell you whether one gene is “upstream” of another, meaning that the “upstream” gene depends on the “downstream” gene to promote or inhibit the outcome of the pathway.

To do this, you usually start by combining mutations in different genes that give opposite or at least different phenotypes. Combining mutations with the same or similar phenotypes is not often informative, since the combination is likely to give the same phenotype as either individual gene.  The one exception is when two mutations act as enhancers of each other, in which case you might combine two mutations that have similar phenotypes and see a new, probably stronger phenotype.

You can combine two loss-of-function mutations that give different phenotypes (e.g., you would combine ced-9(lf) with ced-3(lf)), or you can combine a loss-of-function allele of one gene with a gain-of-function allele of another gene (e.g., tra-1(gf) with tra-2(lf) in Problem #7 in the Suppressor and Enhancer problem set).  

Suppressor and Enhancer screens are usually designed to find additional genes that act in the same process or related/parallel processes.  They generally work by mutating cells or animals that already carry one mutation and looking for a milder phenotype (to find suppressors) or a stronger or different phenotype (to find enhancers).  We’ve talked a lot about how enhancers or suppressors can work.

Dissecting genetic pathways can help to understand how genes work together, but they tend to give fairly abstract information – they can tell you whether one gene is upstream or downstream of another, whether it inhibits or activates a downstream target, and other valuable information, but to really figure out how things work on a mechanistic level usually requires identification of the proteins encoded by the relevant genes.  This generally requires the position of the gene to be mapped (narrowed down to a small region of the genome by recombination analysis).  Eventually the mutation is usually found by determining the DNA sequence of a number of candidate genes in wild-type and mutant animals.  This is sometimes referred to as “cloning” a gene, but this is a confusing term since the same word also refers to various other unrelated processes.

