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Abstract

Table 3 shows a
summary table of the
effect sizes of the
target region mutants
and the wildtype.
Images taken
of PPA are also shown
to show how the
amount of
protoperithecia
produced differs
between
photoperiods. (EQ
means equinox, LD
means long-day, SD
means short-day).
Images highlighted in
orange were found to
be statistically
significant in the
paired t-tests. N/A
refers to the dataset
that we do not have
the SD data for.

Photoperiodism is a physiological response of an organism to changes of the ambient
environment over a year. The day-length is one of the major environmental changes for most
of the organisms on earth over a year. There is a lack of understanding on how an organism
accurately measures the day-length. In the current study, we identified genes that are
responsible for measuring the day-length in a model organism Neurospora crassa.

Photoperiodism and the Circadian Clock
Photoperiodism: the response of an organism to a change in day length
Circadian clock: regulates 24-hour cycles within an organism
Figure 1: Images of the protoperithecia assay. Shown is protoperithecia grown on plates. Protoperithecia are female
sexual reproductive structures in N. crassa.

External coincidence hypothesis: light is
needed in order to regulate the
circadian clock so it can respond to
seasonal changes.
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Table 4 shows a
summary table of the
results of the paired ttests for the target
region mutants and
the wildtype. The
table shows the
mutants and their pvalues when their
amounts of
protoperithecia
produced were
compared between
photoperiods. The pvalues that are
highlighted in purple
show a statistically
significant difference
between
photoperiods.
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Internal coincidence hypothesis:
internal oscillators regulate the
circadian clock, while the affect of light
on the circadian clock is very small.
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We hypothesized that the Cohen’s D value
of the number of protoperithecia produced
may reflect an organism’s ability to
measure day-length.

Hypotheses
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Figure 2: Results of QTL analysis. Figure 2a shows a diagram of the LOD scores for all chromosomes. The LOD score for
chromosome 5 surpasses the thresholds, so chromosome 5 is a major QTL. Figure 2b shows that the genotypes can
distinguish between different photoperiods.

Conclusion and Future Study

The ability to measure day-length is a multi-gene trait, and thus Quantitative Trait Loci (QTL)
analysis will lead us to identify genetic elements for photoperiodism. Also, genes that are
known to be involved in the circadian rhythm, a biological process orchestrating the 24-hr
period rhythm, play a role in photoperiodism.

In conclusion, in this study we identified a major QTL on chromosome 5 and performed PPA
on 21 target region mutants on chromosome 5. We also performed PPA on 10
clock/photoreceptor mutants in order to determine if the circadian clock is involved in
measuring photoperiod. We identified many candidate genes that may be involved in
measuring day-length in N. crassa by performing paired t-tests on our data. We determined
that 13 genes in the target region showed statistically significant photoperiodic responses.
Also, 6 clock/photoreceptor genes showed statistically significant photoperiodic responses. It
should be known that this data is preliminary, and we still need to repeat the protoperithecia
assay to confirm our results. In the future, we plan on repeating all of the experiments to
confirm our results. We also plan on continuing the analysis of our data using R.

Research Conducted
We have performed a protoperithecia assay (PPA) on 91 strains of an F1 population in N.
crassa in order to determine how it measures day-length. In short, in the protoperithecia
assay, the strains are exposed to different photoperiods which are long-day (16 hours of
light:8 hours of dark), short-day (8 hours of light:16 hours of dark), and equinox (12 hours of
light:12 hours of dark) for 12-14 days at a constant 25oC. They are then removed from
exposure and the number of protoperithecia produced is counted for each strain in each
photoperiod. The data from this was used in QTL analysis to find significant QTLs. A major QTL
was found on chromosome 5. We also performed PPA on 21 knockout mutants in the target
region on chromosome 5 to identify the possible causative gene for the photoperiod gene.
We also performed PPA on 10 clock/photoreceptor mutants to test if the circadian clock was
involved in measuring day-length. Both the target region knockout mutants and the
clock/photoreceptor mutants used a wildtype strain with FGSC 2489 as the control.

Table 1 is a summary table of the effect sizes of the clock/photoreceptor mutants and the wildtype. Images taken of PPA are also
shown to show how the amount of protoperithecia produced differs between photoperiods. (EQ means equinox, LD means longday, SD means short-day). The images highlighted in orange were found to be statistically significant in the paired t-tests. N/A refers
to the dataset that we do not have the SD data for.
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Statistical Analyses
One-way and two-way ANOVA tests could not be done because some of the data failed the
normality tests. Instead, paired t-tests were used in R. The Shapiro-Wilks test was used to
check if the data was normally distributed, and only six out of thirty-three mutants failed the
Shapiro-Wilks test. These six mutants were separated into a different analysis. Paired t-tests
were conducted on all of the mutants that were normally distributed to determine which
ones were statistically significant between photoperiods.
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Table 2 is a summary table of the results of the paired t-tests for the clock/photoreceptor mutants and the wildtype. The table
shows the mutants’ p-values when their amounts of protoperithecia produced were compared between photoperiods. Pvalues that are highlighted in purple show a statistically significant difference between photoperiods.
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