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Overview of C. elegans as an experimental 
organism  

  

  
 

REREFERENCE: Much of the following is excerpted from Corsi A.K., 
Wightman B., and Chalfie M. A Transparent window into biology: A primer on 
Caenorhabditis elegans (June 18, 2015), WormBook, ed. The C. elegans Research 
Community, WormBook, doi/10.1895/wormbook.1.177.1, http://www.wormbook.org.  In 
this chapter, you will find many additional references to key background papers as well 
as on-line resources for C. elegans biology. 
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Caenorhabditis elegans is a tiny animal!  They are free-living nematodes found worldwide.    
Newly hatched larvae are 0.25 millimeters long and adults are 1 millimeter long. C. elegans is 
non- pathogenic to humans but it is related to some nasty human/plant pathogens.  Because C. 
elegans is transparent, individual cells and subcellular details are easily visualized using 
microscopy including fluorescent microscopy 

Ease of cultivation & maintenance: C. elegans can be cultivated on solid (agar based) media or 
in liquid (they swim). In the laboratory, C. elegans are fed E. coli although aexenic media 
(synthetic media) is now also available. C. elegans mall enough such that thousands of animals 
can be kept on one plate. Small enough such that animals can be washed off of Petri plates, 
pipetted, spun into a pellet in a microfuge, yet large enough that individual animals can be 
handled using a pick.  For long-term storage, whole animals can be frozen in glycerol stocks and 
maintained at –80 and liquid nitrogen (>30 years!!).  

Short lifecycle and large brood size:  C. elegans has a rapid life cycle (3 days at 25° from egg 
through 4 larval stages-L1/L2/L3/L4- to egg-laying adult) and exists primarily as a self-fertilizing 
hermaphrodite, although males arise at a frequency of <0.2%.  An egg-laying adult 
hermaphrodite lays about 300 eggs during its reproductive phase. The large brood size and fast 
reproductive cycle is great for genetic analysis. Adult lifespan is ~2-3 weeks.  

Sexes: C. elegans have two sexes: males and self-fertilizing hermaphrodites (modified female: 
makes and stores sperm in L4, makes oocytes later).  Males can mate with hermaphrodites 
(hermaphrodites do not mate with other hermaphrodites). Self-fertilized hermaphrodites lay ~300 
eggs, mated hermaphrodites lay up to ~1000 eggs. Hermaphrodites predominate the population in 
the lab.  

Both males and hermaphrodites have !5 pairs of autosomes (I, II, III, IV, V).  Additionally, 
hermaphrodites also have a pair of sex chromosomes (XX) while males have a single copy of X.  
Males arise when hermaphrodites mates with males or when there is a rare (1:500 to 1:1000 
chance) of X chromosome non-disjunction (meaning that they fail to separate during cell division 
giving rise to a gamete with no sex chromosome) in self-fertilizing hermaphrodites. 

Utility of hermaphrodites for genetic analysis: Self-fertilizing hermaphrodites provide several 
advantages for genetic analysis. First, self- fertilization (often referred to as selfing) simplifies 
maintaining stocks because a single animal can give rise to an entire population. Second, as 
Sydney Brenner (1974) has written, “the animals are driven to homozygosity,” i.e., populations of 
hermaphrodites tend to lose heterozygotes (because hermaphrodites cannot mate with other 
hermaphrodites). Thus, strains that are mutagenized are essentially isogenic. Third, selfing 
follows the standard Mendelian rules of segregation, so a parent that is heterozygous for a 
recessive trait will produce the standard 1:2:1 pattern of segregation, such that 25% of the 
progeny will be homozygous for the mutant allele and display the autosomal recessive trait. Thus, 
selfing reduces greatly the effort needed to find such mutants.   

A major reason Sydney Brenner (Brenner, 1974) chose to study C. elegans was the ease of 
genetic manipulation. Self-fertilization means that after hermaphrodites (P0s) are mutagenized, 
any mutant alleles (except dominant lethals) can be maintained through self-propagation in first-
generation (F1) progeny, second-generation (F2) progeny, etc. without mating. This property 
makes obtaining these progeny easy. In practice, C. elegans researchers screen for mutations 
anywhere in the genome (instead of using balanced strains to mutagenize single chromosomes) in 
a single mutagenesis and determine linkage afterward.  
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Example of a genetic cross:  Remember that hermaphrodites make oocytes and sperm, males 
make sperm only. Because of hermaphrodites, you must think of self progeny and cross progeny. 
Here is an example: crossing an unc (uncoordinated movement) hermaphrodite with a wild type  

 
Overview of genetic screens using C. elegans: The traditional use of genetics in C. elegans 
(often referred to as “forward genetics”) begins with a screen or selection to find mutants with a 
particular phenotype followed by inference of the wild-type role of the gene from the nature of 
the mutant phenotype.  Once mutant strains have been obtained and shown to be true-breeding, 
i.e., give mutant individuals in the next generation, they can be mapped using classical genetic 
tools (Brenner 1974). Originally, mapping involved linkage crosses to identify the chromosome 
containing the mutation followed by multiple three-factor crosses to refine its map position. Once 
a map position had been determined, the mutated gene could be identified molecularly (using the 
physical map of overlapping genomic clones) by transformation rescue of the mutant phenotype 
by the wild-type gene (Evans 2006; Merritt et al. 2010; Schweinsberg and Grant 2013). 
Transformation requires injection of DNA into the syncytial (multi-nucleated) gonad, where it is 
incorporated into the nucleus of some developing gametes (Mello and Fire 1995).   

Today, however, the process of connecting a mutant phenotype to a gene is much more rapid due 
to advances in whole-genome sequencing (Doitsidou et al. 2010; Zuryn et al. 2010; Minevich et 
al. 2012). Mutants derived from the standard wild-type strain (called N2) are crossed to a wild-
type strain obtained in Hawaii (CB4856), whose sequence differs from N2 at many positions [one 
single nucleotide polymorphism (SNP) per 91 +/- 56 kb; Swan et al. 2002]. Mutants re-isolated 
after the cross have retained N2 sequences in the vicinity of the mutation, whereas N2 and 
Hawaiian sequences randomly segregate at other loci. Whole-genome sequencing can reveal the 
location of N2 DNA and lead, hopefully, to a small number of candidate genes that can be tested 
as above.   

Recent advances in efficient genome-editing methods (TALEN and CRISPR/Cas9) in C. elegans 
now allow investigators to create targeted mutations in nearly any location in the genome in any 
genetic background (Frøkjær-Jensen 2013, Waaijers and Boxem 2014). These gene editing 
techniques, particularly CRISPR/Cas9, enable rapid methods to mutate and interrogate C. elegans 
genes, and new approaches based on them are being introduced.  
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unc-40(e271) I—recessive mutation resulting in uncoordinated movement 

 

P0     unc-40(e271) /unc-40(e271)  X  +/+ 
 

F1   

Self progeny: oocyte unc-40(e271) X sperm unc-40(e271) = unc-40(e271)/unc-    

40(e271).     Phenotype:  100% Unc. sex ratio:  100% hermaphrodites 

 

Cross progeny oocyte unc-40(e271) X sperm “+” (wild type) = unc-40(e271)/+ 

Phenotype:   100% nonUnc, sex ratio: 50% hermaphrodite, 50% male 

sex linkage : what if mutation is on X? 

 

F2 

From the cross, take F1 cross progeny hermaphrodite (unc-40(e271)/+), self fertilize: 

F2 progeny will segregate: 3/4 WT, 1/4 Unc (3:1 phenotypic segregation), sex ratio:  

100% hermaphrodites 

 

inferring genome of mother from phenotype of progeny: 

Recessive mutation:     3/4 WT, 1/4 mutant; 

Dominant mutation;     3/4 mutant, 1/4 WT 

Dominant mutation but recessive lethal:  1/3 WT, 2/3 mutant (why thirds?) 

Counting is important!  Crosses involving multiple unlinked loci: use Punnett square to 

follow how genes should segregate relative to one another.  

 

III. GENETIC SCREENS 

 

Concept:  Point of entry into a biological process.  Takes advantage of what is essentially 

a random process, mutagenesis, to identify specific mutants.   Ideal:  A simple screen 

that can produce informative, tractable mutations with strong and specific 

phenotypes.  As you learn more about a biological process you can design more 

sophisticated screens to target more specific questions.  BUT is the mutant really what 

you thought you were screening for? Question your assumption using secondary screens. 

 

Forward Genetics:  start with phenotype, look for mutations—you can generate mutants 

by chemical mutagenesis, radiation, & less well by transposon hopping. 

Reverse Genetics:  knock-out or knock-down gene (RNAi), then look for phenotype. 

 

1. MUTANT HUNT: FORWARD GENETICS 

X-rays, gamma rays to cause double stranded breaks resulting in deficiencies, 

inversions, duplications, translocations, single bp mutation.  Efficiency is (~1:1000 to 

1:2000 mutations/locus/haploid genome). 

Soaking in EMS (ethylmethanesulfone) or ENU (N-nitrso N-ethylurea) to cause point 

mutations, however, small rate of deletions or deficiencies also occur.  Efficiency is 

(~1:2000 mutations/locus/haploid genome); spontaneous rate of mutation is (1:106). 


