




Sydney Brenner: 1927 - Present 

• Born in the small town of Germiston, South Africa 

• Won a scholarship to the University of 

Witwatersrand at the age of 15  

• Received his PhD from Exeter College, Oxford 

• Made several contributions to the emerging field of 

molecular biology 

- 3 nucleotides code for a single amino acid 

- Helped to prove collinearity between the genetic 

message and the protein product  

- Helped establish the existence and function of 

messenger RNA 

• Enjoys good wine, traveling, and writes an opinion 

column 



John Sulston: 1942 - Present  

• Born in Cambridge, England  

• Received his PhD from Cambridge University 

for work on the chemical synthesis of DNA 

• Went to the Medical Research Council in 

Cambridge to work with Sydney Brenner 

• Used C. elegans to study a number of 

developmental systems 

- Programmed cell death 

- Genetics of cell lineage 

• Director of the Sanger Center  

• Was knighted for his services to science in 

2001 



Howard Robert Horvitz: 1947 - Present  

• Born in Chicago, Illinois 

• Received his PhD from Harvard University 

• After his doctorate, went to the Medical Research 

Council in Cambridge to work with Sydney Brenner  

• Used C. elegans to study a number of 

developmental systems 

- Neuronal development 

- Ras pathway 

- Genetics of cell lineage  

• Co-founder of Idun Pharmaceuticals - develops 

therapeutics focusing on apoptosis 

• Enjoys reading in his spare time, particularly British 

contemporary novels 



Recipients of the Nobel Prize in 

Physiology or Medicine  

• Awarded jointly in 2002 to Brenner, Horvitz, and Sulston 

• Prize was awarded for development of the nematode worm into what is 

now one of the scientific community’s favorite genetic models 

• Genetic regulation of organ development and programmed cell death 





How do genes specify the complex structures found in higher organisms?

 

What are the molecular mechanisms used to switch genes on and off?

 

What controls the temporal sequences that we see in development?

 



C. elegans as a Model Organism  

• Small, ~ 1 mm long 

• Short generation time, approximately 3.5 days from egg laying until 

adulthood 

• Small and possibly fixed number of cells (1/2 of which are neurons) 

• Transparent - ease of observation 



Main Points 

1. Basic genetic features of C. elegans 

2. Genetic specification of the nervous system 

3. Effects of mutations on the nervous system 



Hermaphrodite Genetics 

Mating with males permits the transfer of genetic markers 



Isolation of Mutants 

• Used EMS, a potent mutagen, to induce mutations 

• Newly hatched larvae were treated with EMS to allow for the 

production of large clones of mutants in their progeny  

• Treated males are mated and the mutants are isolated from the 

progeny of these crosses (based on phenotype) 

• Mutants were divided into the M set (550) and the S set (69) 



Mutants were selected based on… 

- Movement defects 

- Morphological abnormalities 

- Size/Shape 



Phenotypes of Mutants 

1. Uncoordinated: any mutant that shows a detectable defect in 

movement; huge level of variation  

2. Roller: body of the animal rotates around its long axis causing it to 

move in a circle  

3. Dumpy/Small: shorter than wild type 

4. Long: longer and thinner than wild type 

5. Blistered: presence of fluid filled blisters 

6. Abnormal: clear-cut morphological deformities; huge level of 

variation  





Classification of Mutants 

• Mutants were crossed with WT males  

• Classification was based on the phenotype of the progeny 



Genetic Complementation 



Location of Mutants on Linkage 

Groups 
• Linkage Groups: alleles are located closely together on the same 

chromosome; inherited together during meiosis  

• Trans configuration is used to identify the linkage group of a new 

mutant  

• Linkage is often signified by the absence of the AB class 





Mapping of Mutants 

•  Two point mapping: used to assign mutations to a specific 

chromosome; rough indication of distance between mutations   

•  Double mutant is crossed with the WT male to allow for production of 

the cis double heterozygote  

•  Production of the recombinant phenotypes A and B  

• Restricted to mutants with different phenotypes   





3 Factor Crosses 

Three factor crosses are used to to order genes 

unambiguously, give a better indication of 

recombination distances.  







Conclusions/Observations 

• C. elegans are a favorable organism for genetic analysis  

• Development of methods for complementing and mapping 

mutations 

• 6 linkage groups, which correspond with the number of 

haploid chromosomes 

• Observable mutations seem to occur in only a small number 

of genes  





Main Points 

1. Cell lineage: all cells in our body are descendants from a fertilized, 

egg cell  

2. Cells have to differentiate in a  correct manner and at the right time 

during development  

3. C. elegans have a predetermined number of cell progeny, which 

increases from 550 to about 810 in mature hermaphrodites or 970 in 

the mature male   



Introduction 

• C. elegans are an excellent organism for the study of cell lineages  

- Anatomically simple: tubular body consisting of a hypodermal wall and 

underlying musculature  

- Relatively few cells   

- Obvious developmental changes  

• Development of a technique with which it is possible to determine 

cell lineage by observing living nematodes  

• Extend previous studies to look at the development of the ventral 

nervous system  





Anatomy/Gross Morphology 



Cell Lineages: Cell Division 

Overall uniform process of cell division.  



Cell Lineages:  

Programmed Cell Death 

• Certain cells undergo a series 

of morphological changes 

interpreted to be programmed 

cell death  

• Posterior daughters from 

anterio-posterior divions 

• Pattern is different among 

males and hermaphrodites 



What goes on in a 60 page paper? 



Summary of Their Findings 
• Number of non-gonadal nuclei in the hermaphrodite increases from 

about 550 at hatching to about 810 in the mature adult 

• Invariant cell lineages generate a fixed number of progeny cells of 

rigidly determined fates 

• Post-embryonic cell lineages range in length from one to eight 

sequential divisions  

• Discussion… 

- Functions of post-embryonic cell divisions 

- Invariance 

- Patterns of Cell Divisions  

- Mechanisms of Determination 

- Symmetry & Migrations 





Functions of Post-Embryonic Cell 

Divisions 

• At hatching, the hermaphrodite and male are almost identical with 

respect to cell number, position, and (presumably) function 

• By the adult stage, gross anatomic differences are obvious with the 

development of sex-specific structures  

• Post-embryonic differences may relate to growth  



Invariance  

Post-embryonic cell lineages are generally invariant; however 5 types of 

variations have been observed… 

1. Variation in the pattern of cell divisions  

2. Variation in the pattern of cell deaths 

3. Variation in which of two alternative lineage programs a given cell will 

follow 

4. Variation in the precise order of specific events  

5. Variation in the precise positions of cell nuclei  



Patterns of Cell Divisions  

Two distinguishable types of cell divisions occur during the post-

embryonic development of C. elegans 

1. Symmetric: daughters are equivalent in morpholoy and in subsequent 

development 

2. Asymmetric: two distinct daughter cells are produces; posterior-

anterior divisions  

Most lineages involve both symmetrical and asymmetrical cell divisions, 

but at least one daughter cell retains the morphology of the mother.  



Mechanisms of Determination  

Correlation between lineage and function could arise in essentially two 

different ways… 

1. Ultimate differentiation of a cell could be determined extrinsically 

according to its position  

2. Fate could be determined intrinsically according to its lineage history 

Observations correlate with the hypothesis that much of the 

development of C. elegans is based upon a lineal determination of cell 

function.  



Symmetry & Migrations  

• C. elegans are essentially bilaterally symmetrical with minor 

differences between the left and right sides 

• Cellular migrations occur frequently during post-embryonic 

development  

• Migrations occur as both passive events and those that are rigidly 

determined, with cells traveling long distances  




