Major topics of Professor Dernburg’s lectures

Dosage compensation and sex determination mechanisms

The origin of mutations


most mutations are spontaneous and rare


DNA repair mechanisms eliminate most mutations


mutagens such as Xrays or chemicals like EMS can greatly increase the mutation rate, and are essential tools for experimental isolation of mutants

Mutations can affect the DNA sequence of genes in a variety of ways.  The resulting phenotype usually reflects their effects on the expression and function of proteins.

Experiments in Neurospora helped to make the case that each gene corresponds to one protein, but it took a long time before people understood how it worked – that DNA is transcribed to make mRNA, which is translated to make protein.  

Some knowledge about the function of genes can help to understand how they work in a pathway, and how they regulate each other’s functions.

Mutations can be classified based on their effects on protein sequence and function

missense, nonsense, deletion, frameshift, etc. describe the effects

loss-of-function, reduction-of-function, gain-of-function, neomorph, dominant negative.

C. elegans:  

chromosomal sex determination – males vs. hermaphrodites

genetic manipulation and screens

transgenic animals

using one phenotype to facilitate looking for another:  maternal-effect lethal (Mel) screens in Vulvaless or Egg-laying defective mutants, apoptosis screens in engulfment mutants

Screens for apoptosis mutants gave ced-3, ced-4, and ced-9
ced-9 turned out to be gain-of-function.  How was this demonstrated?



a) dominant, b) rare, c) Df/+ does not give the same phenotype, d) further mutagenesis turned up loss-of-function alleles of the same gene with the opposite phenotype

this is useful!  If loss-of-function mutations in multiple genes all give the same phenotype, then all genes act in the same net direction in the process.

if loss-of-function mutations in two genes give opposite effects, then you can infer that there is likely to be some kind of negative regulation in the pathway, and you can figure out whether the activity of particular genes acts through other genes.

Mapping:  2-factor crosses (done in parallel)

If you didn’t know where ced-3 was and you wanted to find out, and and you crossed a ced-3 mutant the unc-5, dpy-11, lon-2 strain, you would find that ¼ of the Lon F2s would be ced-3/ced-3, also ¼ of the Dpy F2s, but only 4 per 1000 of the Unc F2s would be homozygous for the ced-3 mutation.  This would tell you that ced-3 is on Chromosome IV and is about 6 map units away from unc-5.  Subsequent mapping using additional markers on chromosome IV would enable you to refine the map position and eventually figure out which gene was affected.

Suppressors and enhancers

identification of genetic suppressors and enhancers can tell you a lot about the cellular process that a particular gene is involved in.  It’s a way to go from knowing about a single gene that acts in a process to find additional molecular components.

Suppressors can be “informational” – meaning that they allow a gene with defective information to produce some functional protein, they can be “interaction suppressors” (meaning that they restore an essential protein-protein interaction disrupted by the original mutation), or they can be “bypass suppressors,” meaning that they somehow enable the cell or organism to get along without the function of the gene with the original mutation.  Interaction suppressors can identify specific proteins that interact with the original gene.  Bypass suppressors can identify other kinds of genetic interactions with the original gene, including genes that act upstream, downstream, or in parallel.

Enhancers of the phenotype caused by a particular mutation can also tell you a lot about how the cell accomplishes a process. 

Enhancers can arise from mutations in genes in the same pathway or parallel, partially overlapping (redundant) pathways. 

If the original mutation is a null (complete loss-of-function), an enhancer mutation is more likely to be in a parallel pathway than the same pathway, since it’s hard to be “worse” than null.

Synthetic lethality is a specific kind of enhancer situation.  Large-scale screens in yeast have looked for synthetically lethal sets of genes to systematically identify multiple pathways that contribute to a particular cell process.

Genetic variation in the human population can often suppress or enhance the likelihood of developing a particular disease, or the severity of the disease.

Reverse genetics:  going from gene to function, rather than the other way around

Various methods enabled targeted gene deletions in yeast, mice, and Drosophila

The discovery of RNA interference (RNAi) radically changed both our understanding of biology and our ability to carry out large-scale reverse genetics.

The cell cycle

cyclin-dependent kinases control many of the key events of the cell cycle

synthesis of cyclin proteins regulates the activity of CDKs

regulated destruction of cyclins and other proteins is also critical for cell cycle progression

checkpoints monitor cellular events and halt the cell cycle in the presence of potential danger

defects in checkpoint genes do not prevent the cell cycle from proceeding, but they make it much less reliable

Cancer genetics

mutations in tumor suppressors and oncogenes act synergistically to promote the range of phenotypes required for malignancy

