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METHODSSIGNIFICANCE BACKGROUND
• C. reinhardtii zygospores will be produced by exposing mature cells to nitrogen
deprivation and mixing gametes of each mating type
• Zygospores of increasing ages will be assayed for damage
• Single-cell gel electrophoresis3 (comet assay) will be used to assess DNA damage

• Sex, or genetic recombination between distinct individuals, is nearly
universal
• Dramatic costs of sex exist, for example:

- Lowered relatedness to progeny
- Time/energy to find/secure a mate
- Risk of exposure to pathogens

• Facultatively sexual species (FSS), such as C. reinhardtii, must
gain a short-term benefit from sex1

• Demonstrating the benefit of sex in FSS is relevant to the more
general question of the adaptive value of sex
• The DNA repair hypothesis posits that the adaptive value of sex
is homologous recombinational repair (HRR) of damaged DNA
during meiosis2

(1) Cells are embedded in agarose and spread in a 
thin layer on a slide (1)

• What benefits drive the ubiquity of sex?
- Production of highly variable offspring?
- Homologous recombinational repair of DNA?

• In spite of much scientific attention, the benefits of sex and their
implications for evolution are still debated

• DNA repair can have a large impact on offspring fitness
• This project will test whether C. reinhardtii DNA damages fit the
pattern predicted by the DNA repair hypothesis (i.e.,
accumulation of damage during dormancy of diploid zygospores
and repair of damage by HRR during meiosis just prior to
germination)

(2) Cells are lysed to produce nucleoids 
(supercoiled loops of DNA)

(3) Slides are incubated at high pH to partially 
unwind the DNA

(4) Slides are electrophoresed at high pH, creating 
“comets.” Comet tails are proportional to the level 
of DNA damage
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(5) DNA is stained and comets are viewed on an 
epifluorescent microscope and photographed

(6) Comet metrics are calculated and compared 
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• We are in the process of adapting the comet assay protocol for use with algal cells
• Preliminary data indicate that the method is applicable to algal cells, but requires
further optimization based on the biology of these organisms
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Image of a nucleoid produced by alkaline comet assay of 
a C. reinhardtii cell. A single-hue image was taken on a 
Nikon Eclipse TE300 epifluorescent microscope with a 
Photometrics CoolSnap fxTM CCD camera using 
ImageProTM.  A fluorescein filter was used to view the 
slide, which was stained with a fluorescent DNA-
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(1) C. reinhardtii is heterothallic. Gametogenesis 
occurs only after stressful conditions. Specifically, 
nitrogen starvation induces sex in C. reinhardtii. 

(2) Zygospores remain dormant during poor 
conditions In nature zygospores can become

,
intercalating dye, SYBR® Green I.  To display the edge of 
the comet more clearly, grayscale levels were converted 
to use the full visual spectrum (with a look-up table) in 
TriTek CometScoreTM.  
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conditions. In nature, zygospores can become 
desiccated and can be exposed to UV radiation, 
conditions that could damage DNA.

(3) The return of good conditions causes 
germination, prior to which meiosis—and the 
potential for DNA repair—occur within the diploid 
zygospore.


